-1- DESCRI PTION El ectronic Device with Comruni cation Facility Techni cal
Field The present invention relates to an electronic device with a

comuni cation capability to wite and read data to and froma contactl ess
IC (integrated circuit) card wusing the technique of el ectromagnetic

i nductive coupling. This application.glains the priority of the Japanese
Pat ent Application No. 2002-284177 filed on Septenber 27, 2002 and No.
2003- 025288 filed on January 31, 2003, the entirety of which is

i ncorporated by reference herein. Background Art Recently, a so-called
RFI D (radio frequency identifi cCOHESORIEBYRdM using a contactless |IC card,
ICtag or the |Iike has been introduced into the fields of art such as an
automatic ticket checker used in the railway station, security systemfor
checking people going to enter or exit froma building, electronic noney

system etc. As sc tically .illustrated in FIG 1, the RFID system
i ncl udes a cont actlgﬁ‘g&r@“&a{:}é‘”%@” atEynigaion Racidisy 101 to wite and

read data to and fromthe I C card 100. The RFID system adopts the theory
of electromagnetic induction. A magnetic flux radiated froma |oop
antenna 102 provided at the reader/witer 101 is coupled by the -2-

el ect rlenbmnelt Field nduction to a | oop antenna 103 provided at the IC card
100 to provide communications between the 1C card 100 and reader/witer

101. The present invention relates to an electronic device with a communication
capability to write and read data to and from a contactless IC (integrated circuit) card
using the technique of electromagnetic-inductive coupling,

This application claims the priority of the J apanese Patent Application No.
2002-284177 filed on September 27, 2002 and No. 2003-025288 filed on January 31,

2003, 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
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. A magnetic flux

radiated from a loop antenna 102 provided at the reader/writer 101 is coupled by the



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 contactiess IC card systens. Therefore, data can be
witten to, and read from the IC card easily and quickly. In the above
RFI D system the electromagnetic field radiated fromthe reader/witer
101 provides a necessary power to the I1C card 100 by el ectromagnetic

i nduction and thus any power source such as a battery or cell has not to
be provided in the IC card. Therefore, the RFID system can be constructed

to beekicmonergraiid itdenton toanidop tenadHiB providedartte [Owatd i 00 B be®viaad
higher in reliability. In the above RFID system the | oop antenha 102

provi dethufinchiof SRAREENAL B cardios BRN RS ARLP 10P radiate an

el ectromagnetic aving a certaln degree nmagnetic strength in
order to assure a isfactory, r e of conmuni cations between the IC
card 100 SAE SarsriuT sircmpihe R Farthas ol ine G ApEnE 102 for t he
reader/witer 101 includes a loop coil 200 formed froma plane w nding of
a condeastestwraker §hpwhnmitalli¢ GonactsTine tepctewith eadoother af dm thed f r om wi ndi ng
sections di sposed opposite to each other across the center of the |oop

coi | 208verdtihdlMcogiablcdC! adSyafeenss dUBlerefore 25 ¥ah baRetitdtio) aha@ réath
other. It should be noted that actual exanples of the |oop antenna of
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Appl i cat1on ich there -3 is disclosed an antenna 90
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reader/writer 101 provides a necessary power to the 1C card 100 by electromagnetic
induction and thus any power source such as a battery or cell has not to be provided in
the IC card. Therefore, the RFID system can be constructed to be simpler and there
can be provided an IC card 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 range 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 shown in FIG. 2. The loop coil 200 is
formed from winding sections disposed opposite to each other across the center of the
loop coil 200. The winding sections are equal in interval and width to each other. It
should be noted that actual examples of the loop antenna of this type are found in the

Fapanese Published Unexamined Patent Application No. 1998-144048 in which there



200 1-3 3 1 8 29 in which there are disclosed antennas AGlL, A& and AG3 of
~a reader/witer RW2. Therefore, in the above symmetric | oop antenna 102
for the reader/witer 101, the nmgnetic field is distributed
symmetrically as shown in FIG 3. FIG 4 shows the dependence upon the
card position of the strength of a cwrent induced by the |oop antenna
102 to the IC card 100. As shown, two comrunication areas Si' and S2'

will be fornmed in positions, respectively, opposite to each other across
the center of the loop coil 200. Mire particularly, the communication area

Si,  2SEYERSedAniRHna TBGHOYIdedoR UWPhhliuniNang k¥nnemed el 4 eeddeghdsiedlevel oped
at four sides of the |oop antenna 102 at the reader/witer 101 are '

i nductj vel 0 t. e i f . t
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| oop antenna 102. Qutside the copmunication area Si', re.i

oy o A0 S 2O narRieh Ehss R IsCINBoN SBETRAT AL ADS 40 ARG St dbadear / wr i ter
101 cancel each other in a central area where the nmagnetic fields

devel opmidravoen®WhHe | oop antenna 102 at the reader/witer 101 are
inverted in direction. In this outer area, the induced current will have

a |over | gpelefbiann tiCabRRCRESAENId BB ark@ind 18 RRMHY Rieidt/wafter 1GUlhEde
t he above outer area, there’is the comunication area S2' where only one

o s A8 et SERaRH AT Fogh mi ooy v L or 190 1
card 100. Therefore, the communication area S2' is narrower fhan the
comuni cafilon4ahewsshe depgnyionge UpRR the gard poséien Pﬁthcerﬁt%eng #FBEEPoN area
> sinducss:d by the loop antenna 102 to the IC card 100. As shown, two communication
areas S;” and S,” will be formed in pésiﬁons, respectively, opposite to each other
across the 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 1s 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



smal l er than that in the communication area Si'. Note that in FIG 4, the
»origin "0" of the horizontal 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
| C card 100. The vertical axis indigates the strength of the current

el ectromagnetically induced in the |oop antenna 103 at the I1C card 100
under the action of the magnetic field in the loop antenna 102 at the
reader/witer 101. Comruni cations are possible in an area where the

strenpt kagf 100e Theesd, G danmubRStan\W@EAS, | 8 hafbwdaaharatheal ue indi cated
with a dashed line s' in FIG 4. Note here that when the communi cati on

area Sl 1S ti | i.ger . ' f,a point,
el SphBiGRRA E8 8% HgllupE niRelEhp i 1P AT O BUAHEUTIEta 8508 B The
| C card 100 coincides wth that of the |oop antenna 102 at the

r eadeslen Ban toat indhe CRMMIUGAHFINFEAIS be easier to use. That is to say,

in a direction the origin "0" toward outside of the above conventi onal
| oop coi | N2@0Othat heFEerduthe oaigin H0apetheShoriientfiledxiowaticdiys the center of

non- communi cation area once, and then by the comunication area SZ'. It is
desi r gl 1%;@ APRrNAS 0 /GhE $@ddePQiriver 901 \WnWHE Patitive ARBEvHeY ffidAes ar ea
shoul d exi st between the comruni cation areas SI' and Sz' or only the
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loop antenna 103 at the IC card 100 under the action of the magnetic field in the 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 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,’ 1s followed by a
non-communication area once, and then by the communication area S,’. Itis
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 Sy’

should spread.



due to the influence of an eddy current or the like. In case the | oop coi

+ 200 is installed in a netallic housing 300 as shown in FIG 5, a magnetic
sheet 301 is interposed between the netallic housing 300 and | oop coi

200 with a sheet 302 of polycarbonate or the |like being disposed as a
protective material over the |oop cqisl_200. Also in this case, the | oop
antenna 102 for the reader/witer 101 cannot efficiently radiate any

el ectromagnetic field to the I1C card 100, and thus the range of

conmmuni cations between the IC card 100 and reader/witer 101 i s narrow.
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200 as 0 a spacer s to be dispo et ween an
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-which will lead to an increased thickness of the housing 400. Moreover,
t he cdneénmthicomsluchovpf aneddygument srothetlbes. r dadase e oep cbdl1200 is nearly
equal in dinmensions to the | oop antenna 103 at the I C card 100. The

convepdgtfed inl PaRtANE §08ink0ROAs dhowen iy PEGS Dra iagnégastatet B0l ter 101 can
hardly be snaller and thinner. Al though the conventional RFID system has

the a?xﬂéﬁ:o‘s@& BBLGaln t%%orgét%g?c %‘%‘Ekzﬁ‘% 3hQ raﬁH‘i&?]% eost B0 SAREY sP(F:%:tt’ﬁfZ E]Q 1is

i nsta on a resin-made I ¢ housi SonMe snma por t'abl e-type
e SRR e TR i SR st S
di mensions to or than, and thinner than, the IC card 100. Different from
‘'t he stAds¢ unthiy casee tha nwpcandeniac HE, fartibe seader/voter 401 sanypeetiiciently
radiate any electromagnetic field to the IC card 100, and thus the range of
communications between the IC card 100 and reader/writer 101 is narrow.
Further, in case a resin-made housing 400 is used to house the loop coil 200 as
shown in FIG. 6, a spacer 402 has to be disposed between an electric circuit board 401
inside the resin-made housing 400 and the loop antenna 102 to prevent any noise from
being electromagnetically induced, which will lead to an increased thickness of the
housing 400. Moreover, the conventional loop antenna 102 for the reader/writer 101
is nearly equal in dimensions to the loop antenna 103 at the IC card 100. The
conventional loop antenna 102 of this type for the reader/writer 101 can hardly be
smaller and thinner.
Although the conventional RFID system has the above technical problems, the
aforementioned reader/writer 101 is installed on a resin-made or metallic housing of

some small portable-type electronic devices for example. In this case, the loop

antenna 102 for the reader/writer 101 should be formed equal or smaller in outside



el ectronic device is limted in size to assure its portability. Therefore,

- any well worked-out disposition of the |oop coil in a space inside the
housing will not effectively solve the problens in assuring a space for
the loop coil installed inside the housing, that is enough to inhibit the

el ectromagnetic field radiated fromihe |oop antenna 102 from adversely
affecting the electronic circuit board and the |i ke disposed near the
inner wall of the housing as well as to prevent the netallic housing from
affecting the | oop antenna 102. Hence, there is a demand for a new net hod

of  PHEKEMbMG SehaBt ald ihgnfteUBananE oA fieot i ng on the loop antenna 102

and the el ectromagnetic field radiated fromthe | oop antenna 102 itself
from affegti.n e | ectronic circui.t board . and the |jke A so, the snmall
bor t abl - Dyfieat Ers B Shiapirs sTeditics o85S P Bl parat i 108 pover
consunption, Therefore, the drive current for_the |oop antenna 102 cannot
be sqchonic danice UMt in 6igp tamsswgdtsipatabalityt o erelorrdyrgelthave a new,
hi gh efficiency construction which assures a sufficient nmagnetic field

st r engidiked-ent dspbsitiopndithe tdpyeoil fwin spate insidetthe houbiegausenaef the [im ted
| ocation of installation and geonetric relation of the reader/witer 101
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li ke as a user' s operation unit, ed position of transm ssion and
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portabl e-type el ectronic device, such as a requirenent for _a freedom of
setti agtanne 10Rhem advietnely afegfingthepderoris ansuithogrdang the like disposed
near the inner wall of the housing as well as to prevent the metallic housing from
affecting the loop antenna 102. Hence, there is a demand for a new method of
preventing the metallic housing from affecting on the loop antenna 102 and the
electromagnetic field radiated from the loop antenna 102 itself from affecting the
electronic circuit board and the like.
Also, the small portable-type eléctronic device should be operable with a less
power consumption. Therefore, the drive current for the loop antenpa 102 cannot be
smaller, and thus the loop antenna 102 has to be formed to have a new, high efficiency
construction which assures a sufficient magnetic field strength even with a small drive
current.
Further, because of the limited location of installation and geometric relation of
the reader/writer 101 with the location of any other functional part such as a keyboard

or the like as a user’s operation unit, a desired position of transmission and reception

of the R/W 101 cannot always be at the center of the loop antenna 102, which will not



easier operability of the electronic device itself. Note here that besides
t he above working-out of the spatial disposition, there have been
proposed techni ques of preventing the netallic housing from affecting the
| oop antenna 102, including, as typical ones, an IC tag antenna nade of a
pl at e- shaped nagnetic material to spppress the i nfluence of a netallic
nmenber (as in the Japanese Published Unexam ned Patent Application No.
2001-331772) and a card | oader antenna nade of a magnetic material to
suppress the influence of a netallic nenber by deflecting the magnetic

fiel dpkét 4 demand gmla&@@thensrhm péfiRbRasHe Ridttdonhedevisé)exahngd Pat ent
Application No. 2002-123799). Any of t e af or enenti onéd conventl onal

For ey By mREar Ay dehy BLEFRRL (REkan GRDRR AL b PE, AANT P T

space-limted mgg &onsu i on ancl | ocation of i nstal I at| on -of the

| oop eé‘ﬁ’teér‘?ﬂﬁrabﬁl%’cq g elecrPnGdevicR B3Rl -on Exanpl e enbodi ments may over cone
the above-nentioned drawbacks of the related art by providing an inproved
and novel Netclre ¢ivitdedides ¢lee zonierngorkifgrout Dﬁﬂlaﬁpatiagdmmﬂmam,l thare Exanpl e
enbodi nents may provide a comruni cati on-capable 8- el ectronic device that
can skefe Fi frepsicdaciliniepoitivrer cht@adticvhefalitd hOkinDem afestidt #ley W th

suppression of an influence of a material used to forma housing included
I the Jek&fhaPRPY including, as typical ones, an IC tag antenna made of a plate-shaped

magnetic material to suppress the inﬂuence of a metallic member (as in the Japanese

Published Unexamined Patent Application No. 2001-331772) and a card loader

antenna made of a magnetic material to suppress the influence of a metallic member

by deflecting the magnetic field in the antenna (as in the Japanese Published

Unexamined Patent Application No. 2002-123799).

Any of the aforementioned conventional techniques can hardly implement any
compact and thin loop antenna optimum for a R/W in a small portable-type electronic

device material- and space-limited in power consumption and location of installation

of the loop antenna.

Disclosure of the Invention

Example embodiments may overcome the above-mentioned drawbacks of the
related art by providing an improved and novel electronic device having a function of
communication.

Example embodiments may provide a communication-capable



Exanpl e enbodi nents provide a communi cati on-capabl e el ectroni c device
formed snmal |l er and higher in performance. In accordance with an aspect of
the present invention, there is provided a comrunication-capable

el ectroni c device conprising: a housing for accomobdating parts of the
device; and an antenna di sposed inside the housing to nake comruni cations
with an IC card having an IC card_ antenna built therein, the antenna
bei ng di sposed in a |ocation wher &8 a part of the IC card antenna overl aps
a part of the antenna, while the rest of the IC card antenna does not
overlap that part of the antenna, when the I1C card is |ocated near the
housi ng. In xanale enbod%&nn&s, t he housi i S ma?e of ,a nmetal and has at
| east® G Anvitn et cap Aend 2R Fer el S ek e and/Re Fead infenmatigngnareof an area
thereof a part of the |1C card faces being smaller than at |east the

| ong-asteratdly wgtthsupfpresseon of aminfliemceed 2 matehialascal todotmrghdwming hape
conposed of a pair of short sides and a pair of long sides. The housing
of t hecleied i g devileyvbedy has provided thereon an index to indicate the
position of the antenna di sposed inside the -9- housing. In an area,
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In accordance with an aspect of the present invention, there is provided a
communication-capable electronic device comprising:

a housing for accommodating parts of the device; and

an antenna disposed inside the housing to make communications with an IC card
having an IC card antenna built therein,

the antenna being disposed in a location where a part of the IC card antenna
overlaps a part of the antenna, while the rest of the IC card antenna does not overiap
that part of the antenna, when the IC card is located near the housing.

In example embodiments, the housing is made of a metal and has at least the
communication antenna disposed therein, the width of an area thereof a part of the
IC card faces being smaller than at least the long-side length of the IC card formed
to have a rectangular shape composed of a pair of short sides and a pair of long
sides.

The housing of the electronic device has provided thereon an index to

indicate the position of the antenna disposed inside the



antenna built is |located near the housing, that is, when it is placed on
the housing, only a part of the antenna of the antenna built in the IC
card faces a part of the comrunication antenna at the housing to prevent
any degradation of the comrunication characteristic for sending and
receiving information to be wittengto or read fromthe IC card.

Advant ages of the exanple enbodi nents will becone nore apparent fromthe
foll owi ng detail ed description of the best node for carrying out the
exanpl e enbodi nents when taken in conjunction with the acconpanying

dr awhp@ging Bri ef Description of the Drawings FIG 1 schematically
illustratés the conventional RFID system FIG 2 is a plan view of the

convent i naI rea iter ant sch nat i caI |y
st r o0 piie e R TGOt tRRBl SRS ek et BEURDRM Bonal m w
| oop antenna. FIG 4 shows a char er.i stl c.curve of a performance of
commdteEminGa popiionerhere the [G %{CF heysig-oop ant enna and | C card.
-10- FIG 5 schematically |IIustrates the magnetic field distribution
around t hetleosiveindniodalick/ When dpe emhenmacatiospopatld IC tdrd hmvimd thec housi ng.
FIG 6 is a sectional view of the conventional R/ WIoop antenna di sposed

i Nt hgteph@Huilt FPRRaRAURIAP the Ihfging that 18, Whé il ptica@oath@hoadinRFbRlysyst em
used in the electronic device accordlng to the present i nvent ron.

a part of the antenna of the antenna built in the IC card faces a part of the
communication antenna at the housing to prevent any degradation of the
communication characteristic for sending and receiving information to be written to or
read from the IC card.

Advantages of the example embodiments will become more apparent from the
following detailed description of the best mode for carrying out the example

embodiments when taken in conjunction with the accompanying drawings.

Brief Description of the Drawings

FIG. 1 schematically illustrates the conventional RFID system.

FIG.2isa pla_n view of the conventional R/W (reader/writer) loop antenna.

FIG. 3 schematically illustrates the magnetic field distribution 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 8 is a plan view of a plane asymetric |oop antenna. FIG 9

" schematically illustrates the magnetic field distribution around the cubic
asynmetric loop antenna. FIG 10 is a plan view of the cubic asymetric
| oop antenna. FIG 11 schematically illustrates the magnetic field

di stribution around the cubic asymaedric | oop antenna. FIG 12 shows a
characteristic curve show ng the rel ation between the specific
perneability of the nmagnetic sheet and range of comunications. FIG 13
shows a characteristic curve show ng the relation between the product Mt
of sat ur aFI@n relgmedticalyiiduasttges bt thigokiedsld diswtbudiost aoved tie

communi cation. FIG 14 shows an induced current characteristic curve

showi AgndigioRal R@Wﬂ%@g%ntﬁmfa%tﬁ%%%itﬁ@%ne@ﬁli‘é@ﬁiﬁ_sf 2 1 C card and each of
t he plane symetric | oop antenna, plane asymmetric 1oop antenna and cubic

asynmetri o) nt enn he di spQ N Ln-mad using. Rl G 15
Shows an THACCGHE Suvran vERCPL SRR R B A IR B e PR P mbice ~ 11
of conmuni cati ons between the IC card and each of the plane symetric | oop
ant enfSIn-pAdeROUSE et ri ¢ | oop antenna and cubic asymmetric | oop antenna,
each disposed in a netallic housing. FIG 16 shows an i nduced current
char act er FBEGi T izacireuis Hmgrang dfen REIDarystencasedofn the rbeotiondd devise bet ween
the IC card and each of the plane symmetric |oop antenna, plane
asym@&gdrgiﬂwg@ggggﬂ@iﬁ@gﬁgﬁbi c asymmetric | oop antenna, each with no
FIG. 8 is a plan view of a plane asymmetric loop antenna.
FIG. 9 schematically illustrates the magnetic field distribution around the cubic
asymmetric loop antenna.
FIG. 10 is a plan view of the cubic asymmetric loop antenna.
FIG. 11 schematically illustrates the magnetic field distribution around the cubic
asymmetric loop antenna.
FIG. 12 shows a characteristic curve showing the relation between the specific
permeability of the magnetic sheet and range of communications.
FIG. 13 shows a characteristic curve showing the relation between the product
Ms-t of saturation magnetization Ms and thickness t and distance of communication.
FIG. 14 shows an induced current characteristic curve showing the performance
of communications between the IC card and each of the plane symmetric loop antenna,
plane asymmetric loop antenna and cubic asymmetric loop antenna, each disposed in a

resin-made housing.

FIG. 15 shows an induced current characieristic curve showing the performance



magneti c sheet disposed in conbination therewith. FIG 17 shows an induced
“current characteristic curve show ng the performance of communi cations
between the I C card and each of the plane symetric | oop antenna, plane
asymmetric | oop antenna and cubic asymetric | oop antenna, each with a
magneti ¢ sheet di sposed in conbinattbh-therewith. FIG 18 is a plan view
of a communi cation term nal device according to the present invention.
FIG 19 is a sectional view of the cubic asynmetric | oop antenna di sposed
in the communication term nal device. FIG 20 schematically illustrates a
di st rofbearnomnatationgbetweer thel 1€ duvdeindpach ofrtbepianctignunpiris laopramtnmiac | oop
antenna di sposed in the communication termnal device. FIG 21 shows a

fl ow gifang ta@?ﬁmhd’ﬂn& heoPamenns afll ciBIBlyntmetReloofRuaa! bidh d1sg&)§éd 8%

scherratl cal | lustrates an extrusion nol ding machi ne. FI G

sche I Jlustrates a coating nmachine. -12- FIG 24A is a plan view
of t@tetéﬁégt%ﬂg: §heet and FIG 24B is a sectional vi ew of the magneti c
sheet. FI 25 is a pI an view of the loop.coil. FIG | an vi ew of
the cubi cF¥dyHnEiawEan syl CafiCoiaL CW@.“%@“%”&"%@&W*BE ¢ PPURrBRNGE
substantial part of the cubic asymmetric |loop antenna where the magnetic
sheet of somuoifunications between the 1C card and each of the plane symmetric loop antenna,

plane asymmetric loop antenna and cubic asymmetric loop antenna, each with no
magnetic sheet disposed in combination therewith.

FIG. 17 shows an induced current characteristic curve showing the performance
of communications between the IC card and each of the plane symmetric loop antenna,
plane asymmetric loop antenna and cubic asymmetric loop antenna, each with a
magnetic sheet disposed in combination therewith.

FIG. 18 is a plan view of 2 communication terminal device according to the
present invention.

FIG. 19 1s a sectional view of the cubic asymmetric loop antenna disposed in the
communication terminal device.

FIG. 20 schematically illustrates a distribution of magnetic field developed
around the cubic asymmetric loop antenna disposed in the communication terminal
device.

FIG. 21 shows a flow of steps in the process of magnetic sheet manufacture.

FIG. 22 schematically illustrates an extrusion molding machine.

FIG. 23 schematically illustrates a coating machine.



FIG 28 is a sectional view of the substantial part of the cubic

" asymmetric loop antenna where the magnetic sheet is hard. FIG 29 is a
perspective view of the communication term nal device as the electronic
devi ce according to the present invention and an I C card used in the
communi cation terninal device. FIG -38-is a plane view of the

comuni cation term nal device according to the present invention, to
which the IC card is located in proximty. FIG 31 is a perspective view
of a variant of the communication term nal device and a varjiant of the IC
card, accBiai #Atisamhen giessehthe mesprtiosheet aad e 24 hisy saetippalwigiv

anot her variant of the communication term nal device according to the

pr eseof tHienwephétdnshdop. Which the IC card is located in proximty. FIG 33

is a plan view of still another variant of the conmunication term nal
device t i gd- : i atgd in proximty. Best Mde for
Carryi ngolgj@?' ?ﬁég?ﬁbégﬁl?g{]&%g-lb%egp? esent invention will be described in

detail co roing the conmunicati on-capabl e gl ectronic device as the
rbodi k1 rey 8ot PR HeRet e aubid &5 Rt BoRidiiy dr aw nge. First,
there wll be explained an antenna device used in the )

communi caFlGn2¢ apabt@iasabyiavonf 6 substantiakbparaot hedivbdc asymmetpe oent
invention. The antenna device is used in an RFID system constructed as
shown ahfenfth Ghefe tis ngfy@eric sheetht €oft7, the RFID systemis conposed of a
contactless IC card 1, and a reader/witer

FIG. 28 is a sectional view of the substantial part of the cubic asymmetric loop

antenna where the magnetic sheet is hard.

FIG. 29 is a perspective view of the communication terminal device as the
electronic device according to the present invention and an IC card used in the
communication terminal device.

FIG. 30 is a plane view of the communication terminal device according to the
present invention, to which the 1C card is located in proximity.

FIG. 31 is a perspective view of a variant of the communication terminal device
and a variant of the IC card, according to the present invention.

FIG. 32 1s a plan view of another variant of the communication terminal device
according to the present invention, to which the IC card 1s located in proximity.

FIG. 33 is a plan view of still another variant of the communication terminal

device to which the IC card is located in proximity.

Best Mode for Carrying Out the Invention



(will be referred to as "R''W hereunder) 50 to wite and read data to and
“fromthe IC card 1. The ICcard 1 is of a so-called battery-less type
conpliant with 1SO 7810, for exanple. Nanely, it has no power source such
as a battery or cell. The ICcard 1 is fornmed rectangular to have the
same size as the so-called credit catd  nanely, it is pal msized. Nanely,
the short and | ong sides of the rectangle are such that the IC card can
be held on the palm 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 fBe@resent dyeation willdg descagedtindetdil eancernisgiagi ng i nt egr at ed
therein electronic circuits that make various operations for witing and

r eadi ogmaiirdcatiidegpavideelactrohiedddop aaticambodimag theess withoeferefdd tod
formed froma plane winding of a conductor, and forns a resonant circuit

al ongqyM J : onnected in parallel therewith. The | oop
ot B RR) AR

antenna 2 ¢ el ectromagnetic field radiated froma | oop
antenna pgovi ded at.,.an RFRW50 that will .be explained in detail |ater,
conver ts s e Sundls Pepledirdiateininaorties SSod W B r fcal of gnal. and
supplies the signal to the IC 3. The IC 3 includes a rectification circuit
6 to Femmynicatith-sapaila elassrosiedevice am acdagdiaig toube prasdant myentioie | Bbe coi |
4, a regulator 7 to converter the electrical signal supplied fromthe

recti hheahh dovideris uséd fh ARFID HEtgnvehstradtetRE shdivelin BASSs 7f i IALdhovh t 0
extract a high frequency conponent fromthe electrical signal supplied

o SPGB | R g LSRR R s SR e
contr ?\lwil? %te e erriehefo s d‘Rr/e\?’dhereunder) 50 to write and read data to and from the IC
card 1.

The IC card 1 is of a so-called battery-less 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 socalled credit card, namely, it is
palm-sized. Namely, the short and long sides of the rectangle are such that the IC
card can be held on the palm. 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, an IC (integrated circuit) 3 having integrated therein electronic circuits that make
various operations for writing and reading data, and a memory.

The loop antenna 2 includes a loop coil 4 formed from a plane winding of a
conductor, and forms a resonant circuit along with a capacitor 5 connected in parallel

therewith. The loop antenna 2 couples with an electromagnetic field radiated from a

loop antenna provided at an R/W 50 that will be explained in detail later, converts the



~correspondingly to data supplied fromthe denodul ation circuit 9, a nenory
11 to store the data supplied fromthe denodulation circuit 9, and a
nodul ation circuit 12 to nodulate data to be sent by the | oop antenna 4.
The rectification circuit 6 is conposed of a diode 13, resistor 14 and a
capacitor 15. O these parts, the dide 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 14
and capacitor 15 are connected at the other ends thereof to _the other
ends elecEpmagsshc &6l injo gnelecipisr) ugnalsandpepnlcsithe piganl entheilkcdit 6
outputs the electrical signal resulted by the rectification and snoothi ng

the el ectThed Fimghades asieppificadond cocnit beolroctpfyeaid srdodth théeldgcegediat or 7
and HPF 8. The regulator 7 is connected to the cathode of the diode 13 in

t he af; pgﬂ}ad r i fd eaf 40 i Jt ; f the

r esi s%lg?lgm r% ca%%lctlﬁtegééﬂlgeﬂ %hgré ngtqrgt @r@gﬁgﬁﬁ{%%(g}? ﬁgﬁgpgct rical
signal s lied fromthe rectifi.cation gircuit 6 reyenti t si gnal
Fr om BTG bt e S faciegetibnu B 8o DCBoNts GaipR ek Mt § a3 o T as
the signal as a DC power to the sequencer 10. Thus, it is possible to
suppr exgact aighaequency svmpynsat fem he edeawicehsignalofupphed fMomdhe 1, a

voltage variation caused by a change of the power consunption inside the

| C cargttiticagiba.cidcuit 6ot danphiiedsedircsitChovddnedidateaht aidiofiequehdy | ead to a
mal function or the like of the sequencer 10. The HPF 8 is conposed of a

copciMbopan bR Rty ot SRS, 108 cBRE dFRARESaSEPoTr!

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 circuit 12 to
modulate data to be sent by the loop antenna 4.

The rectification circuit 6 1s 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
the other ends of the loop coil 4 and capacitor 5. The rectification circuit 6 outputs
the electrical signal resulted by the rectification and smoothing the electrical signal
supplied from the loop coil 4 to the regulator 7 and HPF 8.

The regulator 7 is connected to the cathode of the diode 13 in the aforementioned
rectification circuit 6 and one end of each of the resistor 14 and capacitor 15. The

regulator 7 stabilizes the electrical signal supplied from the rectification circuit 6 by

preventing the signal from being varied in voltage due to some data component, and



af orenenti 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

out puts the denopdul ated signal to thé>sequencer 10. The sequencer 10

i ncorporates a ROM (read-only nenory) and RAM (random access nenory), and
is connected to the aforenentioned denodul ation <circuit 9. The sequencer
10 stores a signal (command) supplied fromthe denodulation circuit 9

i nt o sugplRANheamgia) aes DG povemiatbe sepmndeni.t oThupoigrossibletad in the
ROM and reads data fromthe nenory 11 as necessary on the basis of the

resul kuppreanahpihse Ohridvidd fusdattyy S uBlengsht bf eHB Iheadienooubladeon circuit 9
into the nenory 11. The sequencer 10 generates a response signal

" eSPOUSLUELY hO IR, o BRI AURBNE LoD RURSLIISS iR ShanRl oo fire

nmodul at'i on Ci rcul on-vo € nenory sichas an
EEPROM (el ectrically -16- erasabl e programabl e _read- onl enory) needing
no po%@é SYIRTERGCe wél Hﬁ&%,@ VR 0088 MICERA T & TRALEIHORARER 115R 84 ‘%f‘equencer
10. The menory 11 stores data supplied fromthe denodulation circuit 9

accor dequencer e result of analysis fromthe sequencer 10. The nodul ation
circuit 12 is formed froma series circuit conposed of an inpedance 18

ST 20 NSRS Samty g sperlodss bemerny e dfote weonnect=d o
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 the other end of a capacitor 16 of the
HPF 8 and one end of the resistor 17. Tt demodulates the high-frequency signal
supplied from the HPF &, and outputs the demodulated signal to the sequencer 10.

The sequencer 10 incorporates a ROM (read-only memory) and RAM
(random-access memory), and is connected to the aforementioned demodulation
circuit 9. The sequencer 10 stores a signal (command) supplied from the
demodulation circuit 9 into the RAM, analyzes the command according to a program
held in the ROM, and reads data from the memory 11 as necessary on the basis of the
result of analysis or writes data supplied from the demodulation circuit 9 into the
memory 11. The sequencer 10 generates a response signal responsively to the

command supplied, and supplies the signal to the modulation circuit 12.

The memory 11 1s a non-volatile memory such as an EEPROM (electrically



'Erectification circuit 6, and at the other end to the drain of the FET 19.

The FET 19 is connected at the source thereof connected to the ground
potential point, and at the gate to the sequencer 10. The nodul ati on
circuit 12 is connected in parallel to the loop coil 4 included in the
af orementi oned resonant circuit and-d6éntrols the FET 19 to make a

swi tching operation according to a signal supplied fromthe sequencer 10
in order to change the | oad of the inpedance 18 to the loop coil 4. That
is, the nodulation circuit 12 adopts the so-called additional nodul ation
met hograsthle RogVaBOMAble reddondy commony) needingino pawenfar duldiag ddat, antlo be
sent and reéceived, a nodulation circuit 52 and denodul ation circuit 53,

for dabancmed taibeafortnbntiaTBatishatn@n.10r eSHRChEMRIY aﬁﬁ%%béa%pgn&@nna 54
that couples with an electromagnetic field to send and receive data. In

t he R/ Lol - el ' : ari.et f control signals
accor di s oy Ao BRRLbR e bt brep s THE LM S B Rt 0 R Senclt
exanpl 5 in order to control the nodulation circuit 52 and denodul ati on
ci r cuil 53, and al so generates -17- send data corresponding to an
instruction and supplies the data to the nodulation <circuit 52. Al so, the
control cilheunediBdtigececst 42 ia forepediionea semmatiradtosmpoged o anr esponse
data fromthe denodul ation circuit 53, and outputs the data to outside. In

the baidn RN Ladda EFI2(fidld eHRbsHhidiforPsiul ?ﬁ@ﬁnfaé@ar&%n% idata supplied
from the control circuit 51, and supplies the nodutated signal to the

200 SR, Aon s AR, B0 LG e L ATBE PR SR .5 o o
Lo N GORaidn icui'®, 'and Bt the other end to the drain of the FET 19, The FET 19 is
connected at the source thereof connected to the ground potential point, and at the gate
to the sequencer 10. The modulation circuit 12 is connected in parallel to the loop
coil 4 1included 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 R/W 50 includes a control circuit 51 to control data to be sent and received,
a modulation circuit 52 and demodulation circuit 53, for data modulation and
demodulation, respectively, and a loop antenna 54 that couples with an
electromagnetic field to send and receive data.
In the R/W 50, the control circuit 51 generates a variety of control signals

according to an external instruction and a program held therein, for example, in order

to control the modulation circuit 52 and demodulation circuit 53, and also generates



The | oop antenna 54 also includes a |oop coil fornmed froma plane w nding
“of a conductor. It radiates an el ectromagnetic field corresponding to a
nodul ate 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 alffesonance capacitor connected in
parallel or in series thereto dependi ng upon an antenna driving nethod
adopted in the RFW50 as the case nay be. In the RFID system constructed
as above, when the IC card 1 is given an instruction for witing a

pr edetsendridatadcarsgsponding toomt instructior and sGipligs thhelarR wvthe medretion es a
write command signal on the basis of the instruction, and al so generates

send daicait(39.i t RisdatiR) ciffd] RHRARK NGeriePateha repridueetsigial aditfdBinel | es the
data to the nodulation circuit 52. The nodulation circuit 52 rodul at es

the a i il i i . t i i ed signal,
and supioisE CeRLraBEe B ATa R OB, AR 8Be Hir 8T BRRT oop
antenna 5 \g{l&l}l thkus, radi at.e gn el ectromagnetic wave corresponding to the
suppl i ed Bosiylatjogetreuit 3. a Naneniiter aledatesiibe senddatasupplied BRBY of
the resonant circuit conposed of the |oop coil 4 and capacitor 5 included
i n t heh¢ Gostaoldcitciiiss betnd pldies thdvhodulased sxgaplethe lasp anteaina 4.
corresponding to the oscillation frequency that is a carrier frequency

from the TReWdRoduligoR ehthit 30 @imEdulates the BeRNASd iRl A8pAEEGom the
el ectromagnetic field by oscillation, converts it into an electrical

o O loaB BR3P LG L OB ST g
e Ut 6 edoop antenna 54 alSo indides 2 foop Cotl Tormsed from 4 plane winding of & ' "
conductor. It radiates an electromagnetic field corresponding to a modulate 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 antenﬁa 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
instruction for writing a predetermined data, the control circuit 51 in the R/W 50
generates a write command signal on the basis of the instruction, and also generates
send data (write data) corresponding to the instruction, and supplies the data to the
modulation circuit 52.  The modulation circuit 52 modulates the amplitude of
oscillation signal on the basis of the supplied signal, and supplies the modulated signal

to the loop antenna 54. The ldop antenna 54 will thus radiate an electromagnetic

wave corresponding to the supplied modulated signal.



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 the electrical signal is stabilized. The signal
rectified and srmoothed by the rectifi&ation circuit 6 is supplied to the
HPF 8 via the nodul ation circuit 12 where a high-frequency conponent wl |
be extracted fromthe signal, and then the high frequency signal is
supplied to the denodulation circuit 9. The denodul ation circuit 9
denodul atatethsse shgdghe seponanighequengyepicic sppmant elnenis appppsed ehide
denodul ated signal to the sequencer 10. The sequencer 10 stores the
si gndlbopwoilvhagd capaptoreédintiudedtinehel @Cadud atis o t6i13¢36 M9z, fortgarhpr, RAM
anal yzes the signal according to the programheld in the ROM and wites

writ J : J I j i 11 on
the beor SRR BontTo e QRIImAM HoienRL gl i Oty ProalEndEHBEY

sign ( nd)..suppl.j.ed from.the denodul at.iion -19- circujt .S a read
ot et har R BaliSton G0 od e 54 8l it LAY T end
instruction fromthe nmenory 11. Al so, the sequencer 10 switches the FET 19
i n t hescillstul, songerte itriots an elzcainal sigrwhdindghon sepplirs the alcatacad sighadt i s,
in the nodulation circuit 12, when the FET 19 is turned on, the |oop coil

4 is wahedCtRd The phicatitalsigml rémltednpesiahe eletBomMeirtit TRIdETsupdlieg turned
off, the parallel connection between the inpedance 18 and |loop coil 4 is

ok e B P’ FRSFRASR A AP RALFRIAO Bl WSO

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 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
demodulation circuit 9. The demodulation circuit 9 demodulates the supplied
high-frequency signal and supplies the demodulated signal to the sequencer 10. The
sequencer 10 stores the signal (command) supplied from the demodulation circuit 9
into the RAM, analyzes the signal according to the program held in the ROM, and
writes write data supplied from the demodulation circuit 9 into the memory 11 on the

basis of the result of analysis.

On the other hand, 1n case the signal (command) supplied from the demodulation



1, varies correspondingly to the read data. Therefore, the term nal
“potential of the |oop antenna 54 will vary correspondingly to the

i npedance variation, and the RRW50 is thus enabled to receive the read
data since the variation is denodul ated by the denodulation circuit 53.
As above, communications are made betlfeen the I1C card 1 and RF W50, and
the R/'W50 can thus wite or read data to or fromthe ICcard 1 in a
non-contact nmanner or by radio. Note here that the aforenentioned | oop
antenna 54 at the RRW50 may be an antenna device constructed according
t o t heinsni<kista fead énstiushioas thehengueneerFI0GViIB redihdatacoeaspomiing cethiesread
generally indicated with a reference 80. As shown, the antenna device 80

i ncl ugesr@tcRoPomAhé n¥mdey 11.NdUedd, Vige SIHRhEAIPEwABh& BEFOMg]

th
field, and a magnetic shéet 82 di sposed to face the main side o? the | oop

coi | i : i { i he | ard 1. Th op coil 81
s tor e TBHOT el 52 sPRE RN R RARTAE Y aaETY e OB,

nmetal foil of el %&er ti&copper or the like forned on _both sides of an

i nsul &F5°BH ¥4, Frhe eﬂ%‘sﬂ ay Birged paddedpon cpildxissoanestedin pagadie) fnthee or
mca. It should be noted that the nethod of formng the loop coil 81 is

not | impedandtel§.heWalsovbe &l hOts tiraed off tlooparall8llcomychien betrwesh thy
printing an el ectroconductive paste such as a silver paste on the filmor

subst iipadSscd P8 hed IBcp GANAYS beskapat 1S A réfat R Bﬂﬂgaﬁﬁcé gg tﬁé;R)?BCOi | 81 or

by sputtering a netal target to form on the substrate nduct or

patt er, Bt NAls PLAKE O Sb,h&algﬁgﬁcﬁﬂ} Lorftibeted 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.

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. 8.

The antenna device is generally indicated with a reference 80.  As shown, the antenna
device 80 includes a loop coil 81 for inductive coupling of an electromagnetic field,
and a magnetic sheet 82 disposed to face the main side of the loop coil 81, opposite to
the main side facing the IC card 1.

The loop coil 81 1s formed by etching or other processing of an electroconductive



Also, in the loop coil 81, the wi nding sections thereof opposite to each

" other across the center of the loop coil 81 are di sposed asynmetrically
to be different in interval and width fromeach other in one direction.
That is, the loop coil 81 includes a |ower w nding section 8la being
smaller in interval and wdth in one2@+rrection, that 1is, a vertical
direction indicated with an arrow Z in FIG 8, and an upper w ndi ng
section 81b being larger in interval and width in that direction of arrow
Z. On the other hand, the magnetic sheet 82 is forned to have a

rect anmalémlsjf@@trdlang eoppéraor thbdikedopmedion I8th sales @fan ibhdation fitm
conpletely within the main side thereof. This antenna devi ce 80 has the

TRgNeb SutkeR! 88 el AR NG OB FhiE dfmiche OMPuIEBE hofih 1PPOS t o

to the main side facing the ICcard 1.”In this case distribution of a

with eéméﬁh?’?&‘?f%'o?fﬁm% 8P BAN R Ston b Hﬁpaﬁﬁ?}v%ohg by BB G 610

of thgloopc %@g in_interval and width as shown in FIG 9 That
is, dPfmeaebe Cfrunm by prinHgaan; deqrasoadyrave pasieiseeh Ben siveypasie oi thas
shown in FIG 3, -21- the distribution of magnetic field around the

ant enfilmde\substrdie 83stoaisymetenductdrpatteen abdternaidde i coBQolc®oebpg to the
present invention, since the loop coil 81 is forned asymetric and the

glo?\t ; s#wtamg :Qﬁle@alrfwttdy orhnh %rﬂh@%ﬁb@ﬁﬁ‘& 8‘ 3. ARdndgclo? Etteﬁl%at éﬂov’l&es

I's possible td provide a wi dér range o conmmuni tati ons

. bet we rd 1 and RRW50 and aIso shift the position of
com‘ruﬁ‘-lréclta)pﬁgﬁﬁ @aone direction. Also, since the loop coil 81 can be
formed s kler than the |l oop coil 4 at the IC card 1, the antenna device
80 can beAs9s iethe loopHail 8hghe svinding sections thereof opposite to each other

across the center of the loop coil 81 are disposed asymmetrically to be different in
interval and width from each other in one direction. ‘That is, the loop coil 81 includes
a lower winding section 81a being smaller in interval and width in one direction, that
is, a vertical direction indicated with an arrow Z in FIG. 8, and an upper winding
section 81b being larger in interval and width in that direction of arrow Z.

On the other hand, the magnetic sheet 82 is formed to have a rectangular shape
larger than the loop coil 81 to cover the latter completely within the main side thereof.
This antenna device 80 has the magnetic sheet 82 attached to the main side of the loop
coil 81, opposite to the main side facing the IC card 1.

In this case, the distribution of 2 magnetic field around the antenna device 80 in
one direction indicated with the arrow Z in FIG. 8 is enhanced at the upper winding
section 81b of the loop coil 81, larger in interval and width as shown in FIG. 9. That

is, different from the magnetic field distribution being symmetric as shown in FIG. 3,



The antenna device 80 according to the present invention has the nmagnetic
" sheet 82 disposed to face the main side of the |oop coil 81, opposite to
the main side facing the IC card 1, and thus can enhance only the
magnetic field distribution on the maiin side, facing the IC card 1, of
the loop coil 81. Therefore, since ti2@ -magnetic field intensity is

i ncreased, the antenna device 80 according to the present invention can
provide a further increased range of comunicati ons between the IC card 1
and RF'W 50. The aforenentioned | oop antenna 54 provided at the RF W50 may
be an thatiestmbuti clevi omgnetis el srednd the rdievpatdevideel (pisesgnimétiicent i on as
shown in FIG 10. The antenna device is generally indicated with a

reference 19@he Astchff\¥BvicE 80! a_‘écoﬂé??g & %fgf&@ﬂ@m@@f{ﬁ&‘? s?r?:ee: t@%llgﬁg ﬁgﬂ‘ glioop

coil 91 for inductive coupling of“an electronmagnetic

magnet.j ¢_she 92 formed, firo net i sheet. .partjons etrated through
Che chfarmiat Asoiame BB e G Oh i FRERCUSBRId GoRubE Fiosd Bichon oop
coil 91 is fornmed by etching or other processing of a conductive netal

foi | ¢piledletstqantsalled, #dppessible topsovides Wadergangnoboemmsindeatiarts an
insulation filmor substrate 93 nmade of a flexible filmof polyimde or

m ca. Hetwsémwtiledl(Deariol end KAt S0 had aiet st the poeitivnne dorembiakpteAlh o8& 1S
not limted to the above one but the loop coil 91 nmay be formed by

print ig3gsc@@ne! %&6,%86@&%13%@{:%%1%%@ f@itnd ﬁh&ﬁ&ggﬁtﬁﬁeﬁq& doif af i1 mor

substrate 93 to forma con or pattern that provi e op coil 91 or
ggttZr é?ﬁ&%ﬂg}g %ﬁ%@énﬁfﬁgﬁée%8CER%QHb9E@8?§nﬁ%R%&hﬁ§? 93, a conductor

The antenna device 80 according to the present invention has the magnetic sheet
82 disposed to face the main side of the loop coil 81, opposite to the main side facing
the IC card 1, and thus can enhance only the magnetic field distribution on the main
side, facing the IC card 1, of the loop coil 81. Therefore, since the magnetic field
intensity is increased, the antenna device 80 according to the present invention can
provide a further increased range of communications between the IC card 1 and R/W
50.

The aforementioned loop antenna 54 provided at the R/W 50 may be an antenna
device constructed according to the present invention as shown in FIG. 10. 'The
antenna device 1s generally indicated with a reference 90.

As shown 1n FIG. 10, the antenna device 90 includes a loop coil 91 for inductive
coupling of an electromagnetic field, and a magnetic sheet 92 formed from magnetic

sheet portions penetrated through the center of the loop coil 91 and lapped on each

other.



the loop coil 91. Also, in the loop coil 91, the w nding sections thereof
" opposite to each other across the center of the |oop coil 91 are di sposed
asymmetrically to be different in interval and width fromeach other in
one direction. That is, the loop coil 91 includes a |ower w nding section
9la being smaller in interval and wird2h in one direction, that is, a
vertical direction indicated with an arrow Z in FIG 10, and an upper
wi nding section 91b being larger in interval and width in that direction
of arrow Z. Also, the |loop coil 91 has forned in the center thereof a

t hr ough- hdhe 1eup ¢oit Blighfamashby kechimggnethes psdesssingdfi scqpuhistivamedal On t he
ot her hand, the nmagnetic sheet 92 includes a rectangul ar portion 92a

ext enflglliof Bleef@l|id @FipepBr te HRE fhgard 6fibotlPdides of wh @sulidAnfilrier out er nost
wi dth of the w™nding section of the |loop coil 91, and a rectangul ar

orti e f 3 o]0 ce | rtion
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| oop coil 91 _as sho {n FI 10 and 11. ly, the -23- ghetj c_sheet
92 i sﬂ%lwiaf gférﬁ@flg}%‘qu%ﬂ dt pet ﬂmlrt@d P aé?ﬁéecw@ Bul Wﬁg% coikdde
portion 92a of the magnetic sheet 92 is fornmed to have a rectangul ar shape
| ar gemayhzsmfortiesl boppnoog kn@ledtrmadectivhpasippech o adilng mett oothe® | b of
the loop coil 91 conpletely wthin the main side thereof. On the other

hand, filfeomaibsaatedd id RRmO2 boRdudtbepatiB@nBhi SrosiR8tth Todpcdippmedbyo have a
rectangul ar shape sufficiently wide to penetrate through the through-hole
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the the loop coil 91.

Also, in the loop coil 91, the winding sections thereof opposite 1o each other
across the center of the loop coil 91 are disposed asymmetrically to be different in
interval and width from each other in one direction. That is, the loop coil 91 includes
a Jower winding section 91a being smaller in interval and width in one direction, that
1s, a vertical direction indicated with an arrow Z in FIG. 10, and an upper winding
section 91b being larger in interval and width in that direction of arrow Z.  Also, the
loop coil 91 has formed in the center thereof a through-hole 94 through which the
rnagneﬁcshﬁet92ispenen1ned.

On the other hand, the magnetic sheet 92 includes a rectangular portion 92a
extended in one direction of the loop coil 91 and wider than the outermost width of the
winding section of the loop coil 91, and a rectangular portion 92b extended downward

from the bottom center of the wide portion 92a and narrower than the innermost width

of the winding section of the loop coil 91 as shown in FIGS. 10 and 11. Namely, the



main side thereof. In the antenna device 90, the magnetic sheet 92 is

" attached to the loop coil 91 in one direction wth the narrow portion 92b
t hereof being penetrated through the through-bole 94 in the loop coil 91
in a direction fromthe main side of the loop coil 91, opposite to the
main side facing the IC card 1, towatd8l-the nmain side facing the IC card
1. Therefore, at the | ower w nding section 91a of the |oop coil 91 where
the wnding interval is large, the narrow portion 92b of the magnetic
sheet 92 faces, at one nmain side thereof, the main side of the |oop coi
91, f awigngtickbeat@2iadarmed genenady likspeletiar Nd ng Merstspeeif@ally, & wide | oop
coil 91 where the winding interval is small, the wde portion 92a of the

magnepbeiehe®d oPthel Beesoticithden 9244 FerinetiBiorhRicderdchotiir shhp&larp®i fagi de of
the loop coil 91, opposite to the main side facing the ICcard 1. In this

the afiRePLEATY P o She ErlRRATHfe MU SIOBT e MR BN lNf e "

arrow enhance
upper wi_ndin section 91h of the loop coil 91 where the w nding interval
and. wiGHHO Shamaip gde tﬁ%res)g4- @H@mth%%ﬂé thepnarT o posticih 860 ogmf‘enna devi ce
90, since the loop coil 91 is formed asymmetric and the distribution of a

magnemagnkfielsiestdd iatfornéd corhehe alroctpngwiatl siepe sificentlgividd to ipenétsate
possi ble to provide a wi der range of comunicati ons between the IC card 1

212, Mn g apcesgmiel 4 i e wep4fon ok sempuGa s oLy ot o
‘ gﬁ;: | gt%eﬁfo&é}ewi'nﬁi&g%é&i%n $12CAMEABBR col 91! 16D ODveRNY BmbRITS dyitihthe"
main side thereof. '

In the antenna device 90, the magnetic sheet 92 is attached to the loop coil 91 in
one direction with the narrow portion 92b thereof being penetrated through the
through—hole 94 in the loop coil 91 in a direction from the main side of the loop coil
91, opposite to the main side facing the IC card I, toward the main side facing the IC
card 1. 'Therefore, at the lower winding section 91a of the loop coil 91 where the
winding interval is large, the narrow portion 92b of the magnetic sheet 92 faces, at one
main side thereof, the main side of the loop coil 91, facing the ICcard 1. Atthe
upper winding section 91b of the loop coil 91 where the winding interval is small, the
wide portion 92a of the magnetic sheet 92 faces, at the other main side thereof, the
main side of the loop coil 91, opposite to the main side facing the IC card 1.

In this case, the distributioﬁ of a magnetic field around the antenna device 90 in

the direction of arrow Z in FIG. 10, is asymmetric and enhanced at the upper winding

section 91b of the loop coil 91 where the winding interval and width are large, as



In the antenna device 90, at the | ower w nding section 91 a of the | oop
“coil 91 where the winding interval is small, the magnetic sheet 92 faces,
at the narrow portion 92b thereof, the nmain side of the | oop coil 91,
facing the 1C card 1. Also, at the upper wnding section 9 Ib of the |oop
coil 91 where the winding interval i24l-arge, the magnetic sheet 92 faces,
at the wide portion 92a thereof, the main side of the loop coil 91,
opposite to the nmain side facing the I1C card 1. Thus, it is possible to
enhance only the magnetic field distribution around the upper w nding
sect i sho@apdp K. tlhe main side facing the 1C card 1, of the loop coil 91
where the winding interval and wwdth are large. Also, in the antenna

devi ce 90In SHddvehmtdRantivice 60,8lifcStHERGh R0l It RFoHRARE hsyhREiPgngect | on
91b of the loop coil 91 where the winding interval and width are large is

enhan bl - | I de .ran foo: .
commung s borb 86 blieReti® RICHDGeR AR AT DILAIREL e nere
that in the aforepenti oned antepnna devices 8Q and 90, the range of
comuiRPéd ]W‘B@i@e@ﬁ’“@%é apge e ?W@ﬁéatww%w@%ﬂﬁelc\}\ﬁ@élﬂe@l%w
selecting, for -25- the magnetic sheets 82 and 92, an effective specific
per neabidnidtalse shibf theositioroofecanmtunicatoar mi @r dircetioancyAlsa, sihe dherleopi on
of the surface of the magnetic sheet and a product Mt of saturation

magnetcbAdtl Odh B fenckd dhaknes side Bhn SheMOUFER] £ht TRIE &AM, 368 Shlehan of

t he above specific perneability a' and product Ms-t of saturation
“magnet i i he rel ati on between the effective
speci Heg%%p%%‘%‘?%@&pﬁ@ﬁgwéﬂe igneti ¢ sheets 82 and 92 and the range

of communi cati ons s exanmined with the carrier frequencly. The
exam nati Oht eeglgpppgg\g@\gcg Bwit the lewer winding section 91a of the Ioop coil 91

where the winding interval is small, the magnetic sheet 92 faces, at the narrow portion
92b thereof, the main side of the loop coil 91, facing the IC card 1. Also, at the upper
winding section 91b of the loop coil 91 where the winding interval is large, the
magnetic sheet 92 faces, at the wide portion 92a thereof, the main side of the loop coil -
91, opposite to the main side facing the IC card 1. Thus, it is possible to enhance
only the magnetic field distribution around the upper winding section 91b, on the main
side facing the IC card 1, of the loop coil 91 where the winding interval and width are
large. Also, in the antenna device 90, since the magnetic field strength in the upper
winding section 91b of the loop coil 91 where the winding interval and width are large
1s enhanced, it is possible to provide a largely widened range of communications
between the IC card 1 and R/W 50 in one place.

Note here that in the aforementioned antenna devices 80 and 90, the range of

communications between the IC card 1 and R/W 50 can be widened by selecting, for



12. As will be known fromthe characteristic curve in FIG 12, the
“specific perneability .t' of the nmagnetic sheets 82 and 92 shoul d
preferably be 20 or nore to provide a w der range of comrunications of

t he antenna device 80 and 90, and nore preferably be 30 or nore to
further widen the range of comuni catisans between the IC card 1 and RF'W
50. Also, the relation between the product Ms-t of saturation

magneti zation Ms and thickness t of the magnetic sheets 82 and 92 and the
di stance of communication was exam ned. The exam nation results are shown

in Fl @Ghe #gnbec Whédts B2 dsamm ahre@facﬁwe%peaﬁ&%}ﬁeg%ﬂtf ue Y8 ArnbreGvith 3,

the product Mst of saturation magnetization M ness t of the

[ . I 6 / t
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and re preferably be 10 emu/cn? or nore to further,increase the range
of comﬁjﬁpgéﬁm@f@.ﬂ RaneHivgHon Ms enddhickpessaihef @eomutenf ar move. a coerci ve

force He of 100 e or less. -26- The aforenenti oned antenna devi ces 80 and

90 is chatacselectden of the dtatvet dpecHpepdrinaabiiétynEadnd product Marbftshairategduct
Ms-t of saturation magnetization Ms and thickness t, of the nagnetic

sheet sndbhefingtifn MY Snd Hickiksa¢COeFBRERN Bt Weén V¥ spedige of
comuni cations. By optim zingthe specific perneability *, and the
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comm r\]aifé:saéxiacr)l?l%e %\Ei\tll\le&% ga?geg fgegx?én%y. ! ﬁ{]edexlz\;/n\l/i\{lgtrigl? 95321/1%\[311-; (salrlgwr? ?ﬁ FIG.
12.  As will be known from the characteristic curve in FIG. 12, the specific
permeability i’ of the magnetic sheets 82 and 92 should preferably be 20 or more to
provide a wider range of communications of the antenna device 80 and 90, and more
preferably be 30 or more to further widen the range of communications between the IC
card 1 and R/W 50.

Also, the relation between the product Ms-t of saturation magnetization Ms and
thickness t of the magnetic sheets 82 and 92 and the distance of communication was
examined. The examination results are shown in FIG. 13.  As will be known from
the characteristic curve in FIG. 13, the product Ms-t of saturation magnetization Ms
and thickness t of the magnetic sheets 82 and 92 should preferably be 6 emu/cm” or
more to increase the distance of communication of the antenna device 80 and 90, and
more preferably be 10 emu/cm’® or more to further increase the range of

communications. The magnetic sheets 82 and 92 should have a coercive force He of

100 e or less.



In these antenna devices 80 and 90, since the loop coils 81 and 91 can be
" formed snaller in size than the |l oop coil 4 at the IC card 1 by inproving
t he performance of comrunications, the entire device such as an RrWor
the Iike using the aforenentioned antenna device 80 or 90 can be reduced
in thickness to less than 1 mm and-2&n thus be forned smaller and
thinner. Note that in the aforenentioned antenna devices 80 and 90, the
upper and lower w nding sections of the loop coils 81 and 91 nay not

al ways be different in both interval and width fromeach other but may be
di f f er ent The aforementibned amennaldswices B8 anddtiiscabiakact8izeahiah that thee f or ned
asymmetric may be in an arbitrary direction in which the distribution of

radi agﬁ&lﬂ@ e&hbaomﬁtye aﬁﬁ‘%ﬁé%r@(ﬁ;d@h@@?%ﬁ'saﬁ?&ftlcﬁ%gﬁgh@tﬁ attffa)%fﬂag%ﬂd coiI's 81

and 91 ave the upper and“l ower w ndi ng secti ereo i sposed
asy f.r y and w om each other in a
i Tec lsfﬁr?@saé»r%f‘ R MhcRhREh e Zot oZaios M arehilates SAMABERES or i
both the direction of arrow Z and direction perpendicular to the

di r ectange gicoammpwcationp7- Bympimizing theppesifis permeabiliiyribl antée

di stribution of radiated magnetic field around the | oop coils 81 and 91

and apsaluet bis-t of sdtyracidhussgidiezapioniNs and diickhessR, W B hagnstkagheefs &N or
wite tothe ICcard 1, in a direction in which the loop coils 81 and 91

i N thgnd 800198 BRLdiIRRY RRNAwiRY IrsfSe SRR AIGhstRINEEL BRITELG C-

For conparison in performance of co ni cat1 ons anong the antenna Jew ce
00, SRR SBRy R 4, FLC O according G the presept nventor
antenna dfr\z/ Ithce%e 2&6(1:132 ?ife{n%%g %% and 90, since the loop coils 81 and 91 can be formed
smaller in size than the loop coil 4 at the IC card 1 by improving the performance of
communications, the entire device such as an R/W or the like using the
aforementioned antenna device 80 or 90 can be reduced in thickness to less than 1 mm
and can thus be formed smaller and thinner.

Note that in the aforementioned antenna devices 80 and 90, the upper and lower
winding sections of the loop coils 81 and 91 may not always be different in both
interval and width from each other but may be different in interval alone. Also, the

“loop coils 81 and 91 are formed asymmetric may be in an arbitrary direction in which
the distribution of radiated magnetic ficld should be widened. For example, the loop
coils 81 and 91 may have the upper and lower winding sections thereof disposed
asymmetrically to be different in interval and width from each other in a direction

perpendicular to the aforementioned direction of arrow Z or in both the direction of

arrow Z and direction perpendicular to the direction of arrow Z.



- according to the present invention as shown in FIG 10 (will be referred
“to as "cubic asymmetric |oop antenna" hereunder) and the conventi onal
antenna device 200 constructed as shown in FIG 2 (will be referred to as
"plane symmetric | oop antenna” hereunder), each of themwas placed in a
resin housing as shown in FIG 14 an@7also in a netallic housing as shown

in FIG 15. The results of conparison will be described herebel ow. Note
here that also in the conventional antenna device 200 tested as above, the
magneti c sheet was di sposed at the nain side of the | oop coil, opposite to

the mai n Thiglat fsqpdssiple e coirobihe distriotientdfandiBted3mnagdetanficidimretmody
characteristic curves, respectively, showing the dependence on the card

posi t kignideb ddiR St 418191 An@fald ﬁ%ﬁt’faﬁﬂ? AdeuaRE pb b flthe RAWA5HYor Ragh Of
the | oop antennas 80, 90 and 200 at the"R''Wahd in which the origin "0" on
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direction in which the IC card -28- position is shifted outwardly fromthe
ori gi aforgmentipned antspa derigeg, 80 and %fgafq amed dsymmetaccat es the strength
of a current electromagnetically devel oped on the |oop antenna at the IC
card by t Fer ovapetisen in ptdoemancedo feamhnofhiddtenk aaprante nnesind@evlR@ 8hd 200
at the R'Wand communi cations are possible in an area bel ow a val ue

i ndi cabgetryitbd 2@ shépa IR FIGE. RaGbRiRE %théére@é‘ﬂt ihPentidh Flihe fde@@fiol>, 2

thin line Alindicates a characteristic of the plane symetric [oop
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according to the present invention as shown in FIG. 10 (will be referred to as “cubic
asymmetric loop antenna” hereunder) and the conventional antenna device 200
constructed as shown in FIG. 2 (will be referred to as “plane symmetric loop antenna”
hereunder), each of them was placed in a resin housing as shown in FIG. 14 and also
in a metallic housing as shown in FIG. 15. The results of comparison will be
described herebelow.

.Note here that also in the conventional antenna device 200 tested as above, the
magnetic sheet was disposed at the main side of the loop coil, opposite to the main
side facing the IC card 1.

Note that FIGS. 14 and 15 show characteristic curves, respectively, showing the
dependence on the card position of the strength of a current induced to the IC card by
each of the loop antennas 80, 90 and 200 at the R/W and in which the origin “0” on the
horizontal axis indicates the center of each of the loop antennas 80, 90 and 200 at the

R/W and the positive-going direction indicates a direction in which the IC card



characteristic of the cubic asymmetric |oop antenna 90. Each of the | oop
‘antennas 80, 90 and 200 was placed in the resin housing shown in FIG 14.
The conventional plane symmetric |oop antenna 200 had fornmed thereon two
comuni cation areas S1' and S2' which are narrow as indicated with a
reference A in FIG 14. In the plan@3asymetric | oop antenna 80, two
communi cation areas S1 and S2 were also forned but the comuni cation area
SI was |argely wi dened in range of conmunications as indicated with a
reference Bin FIG 14. The cubic asymmetric |oop antenna 90 had a
comupsiiionds shifted Btwvardhlydramlithe onigom &0l aOa theathdrhendetieerertitdaerxeéof and
which is widest in conparison with those in the other | oop antennas as

i ndi cafBeateh the rétebERAGArent BleblGmalhetidhsy awy@%ﬁ% 'ttl’xl}ér”'lg%@]?cﬁlttﬁxeﬂ%as only

formed in one place because the cubi C asymetric oop

el aaalq Sl Betundite Eeh GinTBRIED! GedhfindBlpuieh o TRO26 HF

bi directional ly radi ated, nagnetic fjields. Each of the |oop antennas 80, 90
and 28t RAY wﬁ%@amwcﬁa&@wwpﬁ%bmgsawﬁa belpw Fvalycingicaged with a

comuni cati ons was found narrower under the influence of the netallic
housi dgshad lhd s ihEIGSop4 and donadn&FIGSIA 4and PG thieling haindvdees & he | oop
antenna was placed in the resin housing, as shown in FIG 15. In the

pl ane cRsy R stic ol tROBland ity aitiaaRO0dP A rfdtH oS YRKE! fint ?Hld%gtég"ﬁ'a 90 -

according to the present invention,” however, 'the 1 nduced current was
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Each of the loop antennas 80, 90 and 200 was placed in the resin housing shown
in FIG. 14. The conventional plane symmetric loop antenna 200 had formed thereon
two communication areas S;” and S, which are narrow as indicated with a reference A
in FIG. 14. In the plane asymmetric loop antenna 80, two communication areas S,
and S, were also formed but the communication area S; was largely widened in range
of communications as indicated with a reference B in FIG. 14. The cubic asymmetric
loop antenna 90 had a communication area S formed only in one place near the center
thereof and which 1s widest in comparison with those in the other loop antennas as
indicated with a reference C in FIG. 14. The communication area S was only formed
in one place because the cubic asymmetric structure of the loop antenna 90 forms only
one radiated magnetic field as in the magnetic field distribution shown in FIG. 11.

FIG. 9 shows asymmetric bidirectionally radiated magnetic fields.

Each of the loop antennas 80, 90 and 200 was placed in the metallic housing.



t he housing than in the conventional |oop antenna 200. As wll be known
"fromthe above, the plane asymmetric |oop antenna 80 and cubic asymmetric
| oop antenna 90 can have the perfornmance of conmunication thereof

i nproved as the conmunication areas S1 and S2 are continuously w der
outwardly fromthe origin "0". Espeei28l-ly the cubic asymetric | oop
antenna 90 can conveniently be used since the communi cation area S can be
| argely wi dened in one place, and have the inpedance thereof |owered than
that in the plane asymetric |oop antenna 80, which is advantageously
dedi cahedange af cemuvwdciitwsrweofsmdptaromweMnedextiby enfhicane of tyametallic | oop
antenna 80 and cubic asymretric | oop antenna 90 can be | ess influenced by

t he mhbesinglinfl thBeodPusdentad 90, 3hema 2604nhid it WIRY thélbo @nﬂmaﬁange of
conmmruni catrons thereof w dened in conparison with the conventional plane

: i Gl . 0. . i i f f
comuRicEtif the BIEROR AR as Mot il PGSR o b, B8 tafe RS SEHB0RGRG 200,

they were tested wi th and vvit,h?ut t he -30- magnetic sheet disposed to face
t he maPEnERd0 anlsrue apypasine leep aMenpa PR asraulingis g pressat iyepdiad, The

test results with no nagnetic sheet being so disposed are shown in FIG
16, ahdweles ¢hainducet eumegheias ceditedtlefreibng iditbp oswdtnsionargashown in FI G
17. Note that FIGS. 16 and 17 show characteristic curves, respectively,

show ggminh&ricd6Hs AERAGS 200. t M@y dinPes 1%%@%@&&@%0%&%%&81;&3@ § urrent

i nduced to the I'C card by each of the | antennas 80, 90 at the
W 8 A A et D BERRRSB W SRin 1p
the housing than in the conventional loop antenna 200.

As will be known from the above, the plane asymmetric loop antenna 80 and
cubic asymmetric loop antenna 90 can have the performance of communication
thereof improved as the communication areas S; and S, are continuously wider
outwardly from the origin “0”. Especially the cubic asymmetric loop antenna 90 can
conveniently be used since the communication area S can be largely widened in one
place, and have the impedance thereof lowered than that in the plane asymmetric loop
antenna 80, which is advantageously dedicated to a reduced power consumption.

The above plane asymmetric loop antenna 80 and cubic asymmetric loop antenna
90 can be less influenced by the material of the housing for them, and thus they can
have the range of communications thereof widened in comparison with the
conventional plane symmetric loop antenna 200.

Also, for comparison in performance of communications among the

aforementioned loop antennas 80, 90 and 200, they were tested with and without the



R/'Wand the positive-going direction indicates a direction in which the IC
“card position is shifted outwardly fromthe origin "0". On the other

hand, the vertical axis indicates the strength of a current

el ectromagnetically devel oped on the |oop antenna at the IC card by the
magnetic field around each of the |ogp-antennas 80, 90 and 200 at the
R'W FIG 16 shows the characteristic found w thout the magnetic sheet

di sposed as above, while FIG 17 shows the characteristic found with the
magneti c sheet disposed so. It should be noted that in FIGS. 16 and 17, a

t hin Ithaenefici gtﬁbcaisgs:sai tocfaas det wialiside thérebhepposieeoHemReA skic fading
antenna 200, a thic line B indicates a characteristic of the pl ane
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fromE 17 all of .t op ant enn 80, 90 and 0Q,. the
magnetﬁlgS slﬁ o@gh?%%%%féc SE??etaSIrsﬁbfrr rr?’a@Wé‘tli“cF % di’d, and
consequently a stronger i nduced current than in case no such nagnetic

sheet Nete thatsm%dl(aanébﬁ\shOWTdimsacthchcwpyoslresimn:twf:l}t Reowagnibei ¢ sheet
to face the main side -31 of the |oop antenna, opposite to the main side
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strengt of a current i nduced in the Ioop antenna at the IC card, and
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will be descr i bed her ebel ow concerni ng this conmuni cation

R/W 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

at the IC card by the magnetic field around each of the loop antennas 80, 90 and 200 at

the R/W. FIG. 16 shows the characteristic found without the magnetic sheet disposed

as above, while FIG. 17 shows the characteristic found with the magnetic sheet

disposed so. It should be notect that in FIGS. 16 and 17, a thin line A indicates a

characteristic of the plane symmetric loop antenna 200, a thicker line B indicates a

characteristic of the plane asymmetric loop antenna 80 and a thickest line C indicates a

characteristic of the cubic asymmetric loop antenna 90.

As will be known from FIGS. 16 and 17, in all of the loop antennas 80, 90 and
200, the magnetic sheet disposed as above can have a stronger magnetic field, and

consequently a stronger induced current, than in case no such magnetic sheet is

disposed as above. Thus, the disposition of the magnetic sheet to face the main side



term nal device 70. The comrunication term nal device 70 uses the
~aforenentioned cubic asymmetric |oop antenna 90 as the | oop antenna 54
for the RRW50. The comrunication term nal device 70 is a snall electronic
device the user can carry such as a so-called PDA (portable digital
assistant). The small electronic degice has functions such as information
communi cation, storage, inmaging, etc., for exanple, integrated in one
nodul e. As shown, the conmunication term nal device 70 includes a body

bl ock 71 and a display panel block 72. The body bl ock 71 and di spl ay

panel obkieckoopZardémna; oppesiteeth thengindide €adiRg faniCS bardAnthakePden ts the
di splay panel 72 to be opened fromand closed to the body block 71. The

body . i i . i eration

but { o HE A SRRl SRERERS BRLABATRER RLRE nalBed Y HIOBRE (20, 0.
90, and bel ow t he input block 74 the afqrenenti oned cubjc asymmetrjic | oop
ant enARCAGa3 the Cpézwgg thypwilbBayesy aekaniaRRs By KenmgaPetngs of

m croconputer (CPU) to control each of -32- the conponents of the
comuepoahimicatiennoihthe RIdViand r2ducifipghdipsplicayopsimeptits.ock 72 has provi ded
thereon a display unit 75 fornmed froma liquid crystal display (LCD)

panel to @iIspheyhaéwysonimdaipehatimihaPlicie, %é&@ﬁllﬁirﬁﬁ&t@d‘wiﬁﬁé a read
fromthe 1C card 1 by the RW50, etc. under the control of the CPU. The

P e L R LR

di spl ed on the displa nit 75. To assure a sufficjent rigidity of the
{comPru : qe&qpttlquﬁtﬁgq wﬁgsp@gsefg)me ¢lopg concerning this Comm%mcat}gn

terminal device 70. The communication terminal device 70 uses the aforementioned
cubic asymmetric loop antenna 90 as the loop antenna 54 for the R/W 50.

The communication terminal device 70 1s a small electronic device the user cah
carry such as a so-called PDA (portable digital assistant). 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 and a
display panel block 72.  The body block 71 and display panel block 72 are connected
by 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 90, and below the input block 74 the aforementioned cubic asymmetric loop
antenna 70 for the R/W 50.

The body block 71 has built therein a microcomputer (CPU) to control each of



formed small, Iightweight and thin, the communication term nal device 70
includes, as a part of the body block 71, a netallic housing 77 forned
froma nmetal such as Mg alloy or the like, as shown in FIG 19. The
metallic housing 77 has the cubic asymretric |oop antenna 90 di sposed
therein. The netallic housing 77 has32ernmed therein a concavity 77a for
| odging therein the cubic asymmetric |oop antenna 90. The antenna 90

pl aced in the antenna reception concavity 77a is covered with a resin
menber 78 fornmed from carbonate or the |ike and thus protected and

pr ev ethcemripamntg of tig autmodidadtmnciental devicéd/0. | tTixhdispld yhpmnebbledkt hat
the housing in consideration is not limted to the netallic one 77 but

may be) RadeforiBE@hdreoRalidaRditl 7P MrdnedirOi-d Jighidi 39 f e like
for exarrgl g Al so, trh% Ioééﬂcgiﬁl I91 of tehe g%biléqlggy& Stfmr?%fﬂa o(g‘%%jtﬂlenna
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side thereof opposite to the input block 74 of the comunication term nal
devi ceardol by Hag E/W 5@ ete Handes ke cantial agthede?Von Tedinge meshasdm Y3op coi |

91 of the | oop antenna 90 where the winding interval and width are
smal | kas a ACDtdantera d6enstalied tegrehi c By epafaitigs thel inphi biock7dyad ifnhge cubi ¢
asymetric loop antenna 90 is enhanced in the upper wi nding section 91b
of theadtaRfl GPile @m’e%@mtmcawbedﬁgﬂayé& 8 YR d@gﬂgvur@é”fs are |large, and
thus the strength of the magnetic field in the uppér w nding section 91b
s increased, as sheown. in FlG 2 so that.the range S.of. ni cations
bet voen ¢ RS CPet T CiERr iR s 6 tsr bbby EEACAS e SRV K5
formed small, lightweight and thin, the communication terminal device 70 includes, as
a part of the body block 71, a metallic housing 77 formed from a metal such as Mg
alloy or the like, as shown in FIG. 19. The metallic housing 77 has the cubic
asymmetric loop antenna 90 disposed therein. The metallic housing 77 has formed
therein a concavity 77a for lodging therein the cubic asymmetric loop antenna 90.
The antenna 90 placed in the antenna reception concavity 77a is covered with a resin
member 78 formed from carbonate or the like and thus protected and prevented from
going out of the concavity 77a. 1t should be noted that the housing in consideration
is not limited to the metallic one 77 but may be a non-metallic one formed from a
high-rigidity plastic or the like for example.
Also, the loop coil 91 of the cubic asymmetric loop antenna 90 is disposed in the
aforementioned one direction thereof in which the IC card 1 1s 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 91a of the



Therefore, in the communication term nal device 70 according to the
“present invention, the range of comrunications between the 1C card 1 and
R'W50 can be w dened, and even when the IC card 1 is scanned starting at
the side thereof opposite to the input block 74, data can appropriately
be witten to or read fromthe I1C carid -1 independently of the limted

| ocati on of the cubic asymetric | oop antenna 90. Even in case the

comuni cation term nal device 70 is placed in the netallic housing 77

i ncl uded the body block 71, disposition of the cubic asymretric | oop

ant enieopR o Ortnifithe icop aftehnd 90 eharange wahdiegrineni 1 andongithatevaanléhe | C
card 1 and R/ W50 from bei ng decreased. Further, since the |oop antenna

90 at the%l?tlﬁé%gsé:%ﬂe %r%zlgﬁgﬁgk?@ﬁluliﬁﬁti&@%uﬁlﬁ% k@gg.ﬁgﬁﬁg&ﬁcqo the IC

card 1, t orerfenti o conmuni cation term na Vi C itseff can be

formed _to be smaller d consune l.ess power. Xt., exa f the

ot hod FR A Brenatr s GRaPRrERATRE ShBan 0 RE St o E vhsehint enna
90 installed in the comunication termnal device 70 will be -34-

descr vwadingrinéervabhrd wigthrase farge) aubtharstthastenghiof thadeghetit disldn thee
procedure shown in the flow chart in FIG 21. For manufacture of the

cubi ¢ uppyrmuehding deoton 81b enirr&Bed! Hesimon el FIGSHES’D A2t thieSafBels of For
maki ng the nagnetic sheet 92, a magnetic paint is prepared first in step

oi nao o pUAcPTRE O <a R ear® TR ARGH0 BAECIlfl) bl L 001 C

.mat eri ?I containing Fe in
place.

Therefore, in the communication terminal device 70 according to the present
invention, the range of communications between the IC card 1 and R/W 50 can be
widened, and even when the IC card 1 is scanned starting at the side thereof opposite
to the input block 74, data can appropriately be written to or read from the IC card 1
independently of the limited location of the cubic asymmetric loop antenha 00.

Even in case the communication terminal device 70 is placed in the metallic
housing 77 included the body biock 71, disposition of the cubic asymmetric loop
antenna 90 permits to inhibit the range of communications between the IC card 1 and
R/W 50 from being decreased.

Further, since the loop antenna 90 at the R/W 50 can be formed smaller than the
loop antenna 2 at the IC card 1, the aforementioned communication terminal device 70
itself can be formed to be smaller and consume less power.

Next, an example of the method for manufacturing the aforementioned cubic

asymmetric loop antenna 90 installed in the commuuication terminal device 70 will be



96 wei ght percents, Cr in 3 weight percents and Co in 0.3 weight percents
~and any other magnetic material. Next in step S2, the nagnetic paint is
filtered to renove the nagneti c powder having a grain dianmeter |arger
than a predeterm ned value fromthe binder. In step S3, an extrusion
mol di ng machi ne shown in FIG 22 is_gged for extruding a magnetic paint
96 in a reservoir 95 through between a pair of rollers 97a and 97b to
forma | ong nmagnetic sheet 92 having a predeterm ned thickness. Next in
step S4, the long magnetic sheet 92 is dried and the binder is renoved
from dhecrksyag magnetic sheet 92. In step S5, an applicator showmn in FIG
23 is used to apply an adhesive 99 to one of the main sides of a portion

92a of th trhp- t . i ai. r of
ol ors ogitsie R AREPRB AR 15 alF I RS s mERERT ohebllt o2
is punched to have redeterm ned shape. -35 Wth the above operati ons,
t he PWCC@?&H’{F&‘% f]s formed as shown in FIGS. 24A and 24B. Next, the
af orenenti oned |l oop coil 91 is prepared as shown in FIG 25. As having
pr evi ous| Fobeemudecturd dfeie cube doopmenid I@) drserdmar 9 dhdbynaghnetit shea 9?2

ot herwi se processing a conductive netal foil of an electrolytic copper or

the |ijkenalder MgthraRaiang the ﬁagﬁ&i@ﬁh@tb@éirﬁé@&i@wﬁtis %Penﬁdrédffﬁ%t i8 %@t rate
93 of polyimde, mca or the |ike. The nethod of for g the loop Coil 91

i's nOtS 1I }!)M%ngt % rr}ag(ﬁet?g BX%HEE %to!h%%?gnﬁ Qﬁdﬁyvte i&lhaerubberwresin binder. It

should be noted that the magnetic powder is an Fe magnetic material containing Fe in
96 weight percents, Cr in 3 weight percents and Co in (.3 weight percents and any
other magnetic material.

Next in step S2, the magnetic paint is filtered to remove the magnetic powder
having a grain diameter larger than a predetermined value from the binder.

In step S3, an extrusion molding machine shown in FIG. 22 is used for extruding
a magnetic paint 96 in a reservoir 95 through between a pair of rollers 97a and 97b to
form a long magnetic sheet 92 having a predetermined thickness.

Next in step S4, the long magnetic sheet 92 is dried and the binder is removed
from the long magnetic sheet 92.

In step S5, an applicator shown in FIG. 23 is used to apply an adhesive 99 to one
of the main sides of a portion 92a of the strip-shaped magnetic sheet 92 being moved
between a pair of rollers 98a and 98b.

Next in step S6, the strip-shaped magnetic sheet 92 is punched to have a

predetermined shape.



| oop coil 91 may be formed by printing an el ectroconductive paste such as
'a silver paste on the filmor substrate 93 to forma conductor pattern
that provides the loop coil 91 or by sputtering a netal target to form
on the substrate 93, a conductor pattern that provides the |oop coil 91.
The I oop coil 91 has forned in the eghter thereof the through-hole 94

t hrough which the magnetic sheet 92 is penetrated. Thereafter, the | oop
coil 91 and nmagnetic sheet 92 are attached to each other in one direction
with the magnetic sheet 92 being penetrated at the narrow portion 92b

t her eof tWithuthe aboee bheratginshtieem8dndtic theet DD apfaondd SlshasvisioOMIGEN Fl G
26. At this time, the side of the magnetic sheet 92, applied with the
adheshy® Q%241 disposed to face the main side of the | oop coil 91,
facing the 1C card 1. At the | ower w nding section 9la of the |oop coil

91 where {he winding interv |s S t he ortj 2b,of the
magnet i ¢ gﬁ&%@?@%“ﬁ??%’&%ﬂ? E@i P PaTe / %q\)ﬁyq i 1481, facing
the 1Ccard 1. Thus, at the upper W|nd|n section 91b of the loop coil 91
wher ebeviag prEvignsly besnslesatibed, tﬁ@ﬂcgep ccuh@ Wi termpast by etehdmondthetwiseagnet i c
sheet 92 can be -36- attached to the aforenmentioned antenna reception

concapidagssiig aelontiheteomuuall fodltafam cleeroliytialcopeet 6ethéQikelematiwrebaat i oned
cubic asymmetric | oop antenna 90 can be produced t hrough the
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has a structure easy acture si nce
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loop coil 91 may be formed by printing an electroconductive paste such as a silver

paste on the film or substrate 93 to form a conductor pattern that provides the loop coil

91 or by sputtering a metal target to form, on the substrate 93, a conductor pattern that
provides the loop coil 91.  The loop coil 91 has formed in the center thereof the
through-hole 94 through which the magnetic sheet 92 is penetrated.

Thereafter, the loop coil 91 and magnetic sheet 92 are attached to each other in
one direction with the magnetic sheet 92 being penetrated at the narrow portion 92b
thereof through the through-hole 94 in the loop coil 91 as shown in FIG. 26. At this
time, the side of the magnetic sheet 92, applied with the adhesive 99, is disposed to
face the main side of the loop coil 91, facing the IC card 1. At the lower winding
section 91a of the loop coil 91 where the winding interval is small, the narrow portion
92b of the magnetic sheet 92 is attached to the main side of the loop coil 91, facing the
IC card 1. Thus, at the upper winding section 91b of the loop coil 91 where the

winding interval is large, the wide portion 92a of the magnetic sheet 92 can be



Al so, the magnetic sheet 92 should preferably be relatively soft and
flexible. In this case, deformation of the nagnetic sheet 92 controls the
deformation of the lower and upper w nding sections 91a and 9 | b of the

| oop coil 91, so that the thickness Tl of the entire cubic asynmetric

| oop antenna 90 can be reduced, as s¥own in FIG 27. In case the magnetic
sheet 92 is hard, however, the | ower and upper w nding sections 91a and
91b of the loop coil 91 will be deformed largely, so that the thickness T2
of the entire loop coil 90 will be large, as shown in FIG 28. Note here
t hat attachad éd ¢t afomemedBoinakbantsushrersptive cahordtye?id ot coanmmmivatiahi on
termnal device, for exanple, incorporating an antenna such as the plane
asy m@tmial lde9rcarg.enna 80 or cubic asymetric | oop antenna 90 and t hat
sends or receives information to or froma contactless I C card having a

coupt | ng, 1% < FRe AL 0GRS 168 AoGRIEHY FRcieCRBalYd Mima oop

antenna is provided is nade of _a nagnesium alloy, alum numor iron, the
| C calflg aRoN ETRERUIMSARIOESSSEper Baaskiahie cubicasygymetrisdeppdntennai¥) hasol nity

of the electronic device. That is, in case each of the conmmunication
t er m stalctdevéasy tamaruCactarasinse theamagnptiachann 83 if penecatbd droagh tad r - cor e
coil, formng the housing of the comrunication term nal device froma

met al thrividH-hHROE & iﬂ&qobg%sat%@ t8dn éﬂ%qobgeeﬂmt zﬁfﬂ”z%ta?tfaea il frecard and
thus increase the resonant frequency, so that no nornmal comruni cations

wi i.bl e n etween the communication term nal device and I C
oo, RERShR do RERAAA;

card. eduction harnful to the communications is caused by

an eddy c{g{reni‘tl devel gped in _the npetallic¢_ housing i
so, the magnetic sheet 92 should preferably be relatively soft and flexible. In

this case, deformation of the magnetic sheet 92 controls the deformation of the lower
and upper winding sections 91a and 91b of the loop coil 91, so that the thickness T of
the entire cubic asymmetric loop antenna 90 can be reduced, as shown in FIG. 27. In
case the magnetic sheet 92 is hard, however, the lower and upper winding sections 91a
and 91b of the loop coil 91 will be deformed largely, so that the fhickness T, of the
entire loop coil 90 will be large, as shown in FIG. 28.

Note here that in an electronic device, such as the aforementioned
communication terminal device, for example, incofporating an antenna such as the
plane asymmetric loop antenna 80 or cubic asymmetric loop antenna 90 and that sends
or receives information to or from a contactless IC card having a loop antenna as
above and that makes data communications by the inductive coupling, if the housing
forming the device body inside which the loop antenna is provided is made of a

magnesium alloy, aluminum or iron, the IC card will not normally operate when it is



by a radi o wave generated by the | oop antenna at the I C card. Especially,
~since the housing as the body of an electronic device |like a snall
_portabl e-type communi cation term nal device having the aforenentioned
reader/witer built therein cannot fornmed |arge, the | oop antenna of an
antenna installed inside the housi ng3tannot be forned large, either. As a
result, the IC card has to be placed in close contact- or proximty to the
metallic housing in order to transfer information between the small

portabl e-type comunication term nal device and |IC card. Thus, the

met al locatddomsthayisinity ofi hveekctronnsdalacabl ‘Thamt) nenase eactdof the | nduct ance

w Il be considerably reduced, and no comrunications are possi bl e between

the copmpilifaid @ tehida WRbi M ERe aad hdes %%Qp affenhRifSrAGE Aoh ant he _
present invention proposes to assure a sufficient strength of the housing

as the_ bhod f 2 nj i.on rm.nal device whil signing . th
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provide a snmall portable-type conmuni cati on-capabl e el ectroni c_device
capabWélléﬁd%sﬁh?ilﬂ@lCt%Mﬁﬂﬁﬁ%@de ABteppe Rt theKnfiuns awk thys iegpaw kel C card.
-38- An application of the present invention to a comruni cation term nal
devi ceesasaanfredesicy st thad avinoenfad coptnsmahtiorfsowilppodsitiiy [biet Jormnisttwapabl e of
comuni cations will be described herebel ow. The present invention is

appl i gabtemidinidfioalteFRIRD HEPRBANAdTTRUHIC AR ndb @h M Rdud8Yh B8rrAfl S hown
in FIG 18. Mre specifically, the present inventionis applied to a
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term pal
by a radio wave generated by the loop antenna at the IC card. Especially, since the

housing as the body of an electronic device like a small portable-type communication
terminal device having the aforementioned reader/writer built therein cannot formed
large, the loop antenna of an antenna installed inside the housing cannot be formed
large, either. As a result, the IC card has to be placed in close contact or proximity to
the metallic housing in order to transfer information between the small portable-type
communication terminal device and IC card. Thus, the metallic housing will have a
considerable influence and the inductance will be considerably reduced, and no
communications are possible between the communication terminal device and IC card.
On this account, the present invention proposes to assure a sufficient strength of
the housing as the body of a communication terminal device while designing the
communication terminal device to be thinner and smaller, to thereby provide a small
portable-type communication-capable electronic device capable of positive

communications with a communication-capable 1C card.



device 121 has a rectangular netallic housing form ng the device body. The
“housing 122 is made of a netal sheet having a good el ectrical
conductivity such as a nonnmagnetic alum num sheet or brass sheet, a
nonmagneti c stainless steel sheet or iron sheet, or the like. The housing
122 has a display unit 123 provi ded-g8 -one side thereof. The display unit
123 is fornmed froma liquid crystal panel. It is provided on the one side
of the housing 122. The display unit 123 displays information to be
processed by the comunication term nal device 121 and how the information
i's procegsedpplatationAfshe ptésenhoventign 122 doasmphivatios dernfindhdevient € kn of

the one side thereof an input wunit 125 including a plurality of operation
but t oR$eckfhi i ; [ r.ati : e end
e e R T L e Sl L R R
displﬁ% uqit1%23 there is provided a card mount 126 on which an IC card
110 t Axt" ?ﬁpﬂpg?nation comuni cations with the comunication term na
device 121. -39- The card nount 126 is provided on the side of the housing
122 wher e Theeprasanpiryentisintis appBeaind to fipuaforainentiofedacemprinidatied. | n a
position inside the housing 122, facing the card nount 126, there is

provi dedninhbdefioe F0Bhbivanad ol aike MprerepdditicAlDgthepieadmany&fi&PRst ruct ed
as shown in FIG 8 or cubic asymmetric |oop antenna 90 constructed as

s shown o i | enna’ 90 |
o BB o R G0 A PP S bR R s ST i 20085 "

_ant enn The . communi cati.on anfenna i s structed as in the descrjption
alre a&?lwd@ag? cpqlélmmcatlons. 41\5 shown m%‘i&. r25 fhe communication terrrunai P

device 121 has a rectangular metallic housing forming the device body. The housing

122 is made of a metal sheet having a good electrical conductivity such as a
nonmagnetic aluminum sheet or brass sheet, a nonmagnetic stainless steel sheet or iron
sheet, or the like. The housing 122 has a display unit 123 provided on one side
thereof. The display unit 123 is formed from a liquid crystal panel. It is provided
on the one side of the housing 122. The display unit 123 displays information to be
processed by the communication terminal device 121 and how the information is
processed, etc.

Also, the housing 122 has provided in the center of the one side thereof an input
unit 125 including a plurality of operation buttons 124 for input of commands for
various operations etc.

At the end portion of the side of the housing 122, opposite to the side where the
display unit 123, there is provided a card mount 126 on which an IC card 110 that

makes information communications with the communication terminal device 121.



af orenenti oned | oop antennas 80 and 90, and will not be described in
-detail any nore. Further, the housing 122 has provided inside it a
reader/witer (RW to wite and read data to and fromthe I1C card 110,
and a controller to control the conponents of the comunication term nal
device 121. The controller controls_-ghe display unit 123 to display data
or the like read by the RRWfromthe I1C card 110 according to a comand
signal supplied fromthe input unit 125, for exanple. The IC card 110
capabl e of sending and receiving information to and fromthe

comuTheaiatd mdigit Mi26ak He® o #He Wide! ot e dRBSINLDIED \ivﬂm@%@idhsgw @M The
|C card 110 referred to hereinis formed to have an ID card conplying

with t - i al a 19)., - 1N ... 29.and 30,
the 1 28 aPGTRRE Fui 137 Akl o g T8EY Pobiomion QP B bEI PG S de
length L1 of 8 a short-side wdth W, of 54 mm and a_thickness D of
0.76 ﬁﬁﬁdl meEnt gzé[gl}l]&rqlf@fpﬁﬂﬁéd]é%a@rﬁwﬁj?ﬂd PHAERSHMBRGIHEYOPP BRtenRa
material of the IC card 110. The card body 111 has built therein an IC

(i nt egPaadiracteduastsho®dRini Fi€}. @dommuac seymmyettio Isdpatennd 60 cahitoncitd abe

-40- sent to and received fromthe comunication term nal device 121 and a
Ci r cuishof in FAHY, @ arkd) €0 COTHY Bh FRkiRAE St oR R nRhIEle vl F1 I §liven PR, 2Jhe

card body 111 has provided thereon an antenna 115 that communicates with

the cuhic i.c .| n 90.ipcluded in the comuni gati on ant enna
ar tnE R CaR AR EShRL s R aS S R R SRR S8R e" & car o
110 is formed to be a l.oop antenna by w nding . a conductor into a
r ect afgIMYNISAHAR aRfHHg 18 Ransyaicisshas i therdaspapier alieddy made &f theyody 111,
that is, along a pair of long sides 1lla and 11 | b of

aforementioned loop antennas 80 and 90, and will not be described in detail any more.

Further, the housing 122 has provided inside it a reader/writer (R/W) to write and
read data to and from the IC card 110, and a controller to control the components of
the communication terminal device 121. The controller controls the display unit 123
to display data or the like read by the R/W from the IC card 110 according to a
command signal supplied from the input unit 125, for example.

The IC card 110 capable of sending and receiving information to and from the
communication terminal device 121 will be described in detail below. The IC card
110 referred to herein is formed to have an ID card complying with the fapanese
Industrial Standard (JIS). As shown in FIGS. 29 and 30, the IC card 110 is formed to
have a rectangular shape having a long-side length L; of 86 mum, a short-side width W
of 54 mm, and a thickness D; of 0.76 mun.  The IC card 110 includes a body 111
formed mainly from the material of the IC card 110. The card body 111 has built

therein an IC (integrated circuit) 112 including a memory to store information to be



the card body 111, opposite to each other, and a pair of short sides 1lllc
~and 111d opposite to each other. Nanely, the antenna 115 provided at the
|C card 110 is forned as a rectangul ar | oop antenna having | ong sides

li 5a and 115b extending along the long sides 11lla and 11 |b,
respectively, of the card body 111 amd-short sides 115¢ and 115d

extendi ng along the short sides | | Ic and fled, respectively. Note that
in case any one of the log sides 115a and 115b extendi ng al ong any one of
the long sides | | la and 11l b of the card body 111 of the rectangular IC

card 44 tbandtrecéiecdliacechd tomprmditation te@niifg deiaEuD Cakd arinftemnna for
communi cation with the communication term nal device 121, the short sides

115c tent al ong the other short

si des ﬁl&ré? an E ﬂgfcﬁﬁbﬂ?ﬁ@dgﬁheﬁ%@gﬁgn{%%ﬁ respect to these short 'sides
| c an 1 ant enna ovi ded at .the I1C card 110, the

vm nd| ng sg Sﬁgb?‘ﬁ# ﬁ#ﬂg% REvided, %?‘g%énff%néﬂdsfhwom%@%%ﬁ&@ may

be different in interval and width from each other, nanely, the w nding

sect i resCwhiy abgmazrimieep entehadOiiscluded 1na]nngeomfnuﬂadatlocmatmamazaithens with

t he conmuni cation term nal device may be further w dened by controlling

t he distichiichdon efrmindladvedd £21.1 elTHe baeimed SfeftQiE'@ I(b %a?dmm&afo%&éd%t h
the wnding interval and width of one | ong side | a bel ng I ncr eased.

A S et 8%9‘35&[@1%"8@51)? e B her o
over) BptE %Igz,ﬂ%r“e A Radud 1iat s AlSTice oafr gt é@é ?1%@?335333@ BéThby 111
formed as above to have the large rectangle
the card body 111, opposite to each other, and a pair of short sides 111c and 111d
opposite to each other. Namely, the antenna 115 provided at the IC card 110 is
formed as a rectangular loop antenna having long sides 115a and 115b extending along
the long sides 111a and 111b, respectively, of the card body 111 and short sides 115¢
and 115d extending along the short sides 111c and 11cd, respectively.
Note that in case any one of the log sides 115a and 115b extending along any one
of the long sides 111a and 111b of the card body 111 of the rectangular IC card 110 is
to be placed in proximity to the communication antenna for communication witrh the
communication terminal device 121, the short sides 115¢ and 115d may not always be
placed to extent along the other short sides 111c and 11d but may be oblique with
respect to these short sides 111c and 111d.
In the antenna 115 provided at the IC card 110, the winding sections forming the

long sides 115a and 115b, respectively, may be different in interval and width from

each other, namely, the winding sections may be asymmetric. That is, the range of



and having the antenna 115 provi ded al ong the periphery of the card body
-111 is placed in proximty and opposite to the card nount 126 provi ded on
the surface of the housing 122. Note that the card nount 126 forned on
the surface of the housing 122 has provided thereon an index 127 that
indicates the position of the cubic agymetric loop antenna 90 di sposed

i nside the housing 122 and al so a position where the IC card 110 is in
proximty to the comunication antenna. The index 127 is forned by
printing on the surface of the housing 122 or engraving in a part of the

housi @gnﬁﬁgmcﬂ?@ns witdeie L8mmBNicBoR ta¥IR d&icd | \l;\l% tﬁe Azttt I"hd%‘? Cﬂf% | ong

character or the |like |nd|cat|ng a position to any one

sides 11, | 1 1 i.S rox t
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comruni cation term nal device 121 wll be described in further detail. The

| oop VdRdEiatgyal andowidthadonmloagsédi i1isrbaingircraasedone of the |ong sides
11 la and 11 I b of -42- the antenna 115 at the IC card 110 placed in

pr oxi m t y Thercosanneepood eaeeinaddeviee 12dexcortizs v tHe presdhvddiRim ipre end
122a of the housing 122 as shown in FIG 30. At this tinme, the other |ong
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; card %ﬁg I(fi rc(zjtrngi (1)1n (? 1n%r1]gd1111§ %flie %t)dgzhlﬁlhfgynslleg as above to have the large rectangle
and having the antenna 115 provided along the periphery of the card body 111 is
placed in proximity and opposite to the card mount 126 provided on the surface of the
housing 122.

Note that the card mount 126 formed on the surface of the housing 122 has
provided thereon an index 127 that indicates the position of the cubic asymmetric loop
antenna 90 disposed mside the housing 122 and also a position where the IC card 110
is in proximity to the communication antenna. The index 127 is formed by printing
on the surface of the housing 122 or engraving in a part of the housing 122. The
index 127 may be a symbol or figure as well as a character or the like indicating a
position to which any one of the long sides 111a and 111b of the IC card 110 is placed
in proximity.

The position of the loop antenna 90 provided inside the housing 122 of the

communication terminal device 121 will be described in further detail. The loop

antenna 90 is provided in a position where any one of the long sides 111a and 111b of



122 as shown in FIG 30. In the comunication term nal device 121
-according to the present invention, when the IC card 110 is placed in
proximty to the card nmount 126 with any one of the long sides Illa and
11 I'b being placed near the index 127, any one of the long sides 115a and
115b of the antenna 115 at the IC cang-110 wll face the | oop antenna 90
and the other long side 115a or 115b will project out of the netallic
housi ng 122. In the conmunication term nal device 121 according to the
present invention, when the IC card 110 is placed in proximty to the

housi tig dif@nnd hES hothg 161 eted 1105dacahiah grbxbmod foheoradpendanddio tht ihde | C
card 110 will not face the netallic housing 122. As a result,

COMURAt . . : i i : i Vi € 121
and | 2 S HDISER ol B CRANERATRIIRG HGRITIN ST BHTRSY IR 110
under .no i nfluence af t met ic.housing 1 That s, .sipce

o mmuinga thOpee B Sfes nESE Al SaiRom Pl Tt Bevia 310 e the car o
110 can be achi eved between the | oop antenna 90 and the | ong sides 1l15a

- 43- lowp amspnoPOt he antenna 115, that do not face the netallic housing
122, the comunications can be done with prevention of the inductance
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term nal device 121 according to the present invention, the wdth W of a
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122 as shown in FIG. 30.

In the communication terminal device 121 according to the present invention,
when the IC card 110 is placed in proximity to the card mount 126 with any one of the
long sides 111a and 111b being placed near the index 127, any one of the long sides
115a and 115b of the antenna 115 at the IC card 110 will face the loop antenna 90 and
the other long side 1152 or 115b will project out of the metallic housing 122.

In the communication terminal device 121 according to the present invention,
when tile IC card 110 is placed in proximity to the housing 122, the long sides 115a
and 115b of the antenna 115 at the IC card 110 will not face the metallic housing 122.
As a result, communications can be made between the communication terminal device
121 and IC card 110 to write or reéd mformation to or from the IC card 110 under no
influence of the metallic housing 122.

That is, since communications between the communication terminal device 121

and IC card 110 can be achieved between the loop antenna 90 and the long sides 115a



t he housing 122, the short sides 115c and 115d of the antenna 115 can be
~projected to the lateral side of the housing 122 when the IC card 110 is
placed in proximty to the card nmount 126 and any one of the |ong sides
115a and 115b is directed to overlap the |oop antenna 90. Thus, the

i nduct ance reduction caused by the metzmllic housing 122 can be prevented
nore positively. In the comunication term nal device 121 according to the
present invention, a positioner 130 is provided at the card nount 126 to
assure that the 1C card 110 can be placed near the top of the card nount

126 wiankd BHifih ofheaftdine 116D thasiddasot FabatmngetalliShowding he2ameenna 115 bei ng
super posed on the | oop antenna 90 while the other long side 115a or 115b

is ke T4 : [ i ' 31,
the portTam S Ga e Bt Aot S bR ehol OB L TeRl (aal b1 12 ana
|| lShOf thﬁ.IC card 0 on the card nount 126, that is to be superposed
on th ?ggﬁa Hhk%ﬂﬂﬂg = Wil abut. OMng to the positioner 130 provided
to define a position of the IC card 110 -44- going to the comunication

t er mi nal de\iﬁe@omumsatmmmmﬂeieameehbhacm&dmg tphthe p@sentinyefitiontha be
accurately positioned in relation to the | oop antenna 90 to positively
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housi ng 122. Thus, it is possible to prevent the inductance reduction by
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the housing 122, the short sides 115¢ and 115d of the antenna 115 can be projected tb
the lateral side of the housing 122 when the IC card 110 is placed in proximity to the
card mount 126 and any one of the long sides 115a and 115b is directed to overlap the
loop antenna 90. Thus, the inductance reduction caused by the metallic housing 122
can be prevented more positively.

In the communication terminal device 121 according to the present invention, a
positioner 130 is provided at the card mount 126 to assure that the IC card 110 can be
placed near the top of the card mount 126 with any one of the long sides 115a and
115D of the antenna 115 being superposed on the loop antenna 90 while the other long
side 115a or 115b is kept from coming onto the mefallic housing 122.  As shown in
FIG. 31, the positioning 130 is formed as a step any one of the long sides 111a and
111b of the IC card 110 on the card mount 126, that is to be superposed on the loop

antenna 90, will abut.

Owing to the positioner 130 provided to define a position of the IC card 110



provi ded at one corner of the metallic housing 122 as shown in FIG 32. In
-this case, the ICcard 110 is disposed to cover the corner of the
nmetal li c housing 122 where the 1oop antenna 90 is provided, as shown in
FIG 32. By formng the nmetallic housing 122 to be rectangul ar and

di sposing the | oop antenna 90 at theggarner of the rectangular housing
122, it is possible to dispose the IC card 110 on the card nmount 126 with
any one of the long sides 115a and 115b of the antenna 115 being
superposed on the |loop antenna 90 while the other I ong side 115a or 115b

s KeBbirle'0IThORDRGNAHicalibf teratiakl dcvibousl ag abste. thBUfrenh9 15! AOCE

reduction caused by the netallic housing 122 can be prevented as in the

afore t] ' ' termnal, ..devige 121 and jtive..
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possi ble. Fyrthernore, the |C card 110 used in the comunication term nal

devi cBreveRt thecaeanay gl Fonn eyt supstrased om the mesellici hausing 122.shape t o
the aforenentioned rectangular one but may be forned circular as shown in
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antenna 145 fornmed by w nding a conductor along the periphery of a

di sk- gligpedskasdly body 141. Also in this case, the loop antenna 90 is

di sposed at the comuni cation term nal device 121 in a place where only a

part of t nnul ar ant enna 145 w | er.l a he | ntenna 90 at the
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forced to be outside the netallic housing 122, when the circular 1C card
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comuni cation term nal device 121, there
provided at one corner of the metallic housing 122 as shown in FIG. 32. In this case,

the IC card 110 1s disposed to cover the corner of the metallic housing 122 where the
loop antenna 90 1s provided, as shown in FIG. 32. By forming the metallic housing
122 to be rectangular and disposing the loop antenna 90 at the corner of the
rectangular housing 122, it is possible to dispose the IC card 110 on the card mount
126 with any one of the long sides 1152 and 115b of the antenna 115 being superposed
on the loop antenna 90 while the other long side 115a or 115b is kept from being on
the metallic housing 122.  Thus, the inductance reduction caused by the metallic
housing 122 can be prevented as in the aforementioned communication terminal
device 121 and positive communications between the 1C card 110 and terminal device
121 are possible.

Furthermore, the IC card 110 used in the communication terminal device 121
according to the present invention is not limited in shape to the aforementioned

rectangular one but may be formed circular as shown in FIG. 33.  Also, the IC card



is provided the index 127 that indicates the position of the |oop antenna
-90 disposed inside the netallic housing 122 and al so a position where the
| C card 110 has the <circunferential edge thereof put in proximty to the
conmuni cation antenna. In the foregoing, the present invention has been
described in detail concerning certgkn preferred enbodi nents thereof as
exanples with reference to the acconpanying draw ngs. However, it shoul d
be understood by those ordinarily skilled in the art that the present
invention is not limted to the enbodi ments but can be nodified in

vari ous OTRRNBE ProviaBs wins bR dnilibPhARhhY A4 REnBIBIdtiddla LBRIUS, Of er

forms without departing fromthe scope and spiri ere as’ ' se orth and
defined in, the appended.clains., |ndustrial Applicahilit avi ng been
descriag%%ﬂhﬁﬂeﬁ]é’%F eﬁai%&%%d@aﬁﬁpéﬁi@ldeﬁé% %F@ﬁ/engit %Phe

present invention can make communications with the I1C card with less

i nf | uenteaned0.ia6lispasedmétle PomMhBIcHtion tenaind wevisan 2Jdsia phaet wheransf er
information to be witten to or read fromthe I1C card. -47- CLAIMS 1. A

comunindpah ipart-ofahabhaubireetsmmai (¢ 5deill 6 ee &MiHd BbP AntcRnA®ISitRBe f or
accommodating parts of the device; and an antenna di sposed inside the

housi ng, uﬁ‘iﬁ&ﬁoﬁ PEPMALEALYED S 2 Ml e! rEsCA e aNBNNAYG 43N k&t 6] p@nt enna

built thereil

outside the metallic housing 122, when the circular IC card 110 is placed in proximity
to the metallic housing 122.  Also in this communication terminal device 121, there
is provided the index 127 that indicates the position of the loop antenna 90 disposed
inside the metallic housing 122 and also a position where the IC card 110 has the
circumferential edge thereof put in prokinﬂty to the communication antenna.

In the foregoing, the present invention has been described in detail concerning
certain prefeired embodiments thereof as éxamples 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
As having been described in the foregoing, the electronic device according to the

present invention can make communications with the IC card with less influence of



t he antenna being disposed in a | ocation where a part of the IC card
~antenna overlaps a part of the antenna, while the rest of the IC card
antenna does not overlap that part of the antenna, when the IC card is

| ocat ed near the housing. 2. The device as set forth in claiml, wherein
the housing is nade of a netal. 3. The_device as set forth in claiml,
wherein the antenna is disposed at an end of the housing. 4. The device as
set forth in claiml, wherein in an area, facing the IC card, of the
housing, there is provided a positioner to deternmne a position where the
| C carfef : ; ! ; i : r i -al wherein
e S B O Y e B P 5 SRR or 1 The

| C card g@%engﬁ &é a(£oop antenna. 6. The device as set forth in claimb5,
wher eif¢ YRR Y8 %rd i s square; and the | oop antenna is di sposed al ong
the periphery of the IC card; -48- the antenna is disposed in a position
where one side of the |loop antenna overl aps the antenna while the other
side of the | oop antenna, opposite to the one side, does not overlap the
housing. 7. The device as set forth in claim1, wherein: if the IC card
is rectangular; a width of an area of the housing accommobdating the
antenna, facing a part of the IC card, is snmaller than a | ong-side |length
of the IC card.



8. The device as set forth in claim7, wherein the antenna is disposed to
extend fromone end of the housing in an area having a wwdth snmall er than
a wdth of a short side of the IC card. 9. The device as set forth in
claim1l1, wherein the antenna conprises a |loop coil for inductive
coupling. 10. The device as set forth in claim9, wherein the loop coil is
smal ler than the |1C card antenna, to which it is inductively coupled. It.
The device as set forth in claim9, gserein the |oop coil conprises a
magneti c nenber. 12. The device as set forth in claim1ll, wherein the
magneti c nenber is disposed to face one main side of the |oop coil,
opposite to the other main side facing the IC card. 13. The device as set
forth in claim12, wherein the mdH&IME nenber has set therefor a
specific perneability p' and a product Mst of saturation nmagnetization M
and thickness t. -49- 14. The device asset forth in claim 12, wherein the
| oop coil is formed froma plane w nding of a conductor, whose sections

opposit e moﬁnﬁmm@ﬁ&}e&apasn@%rbh@dﬁﬁaé%mgﬁisiﬁdae | oop coil are disposed
asymmetrically to be different in interval fromeach other. 15. The device

as set foé%ﬂuéiﬁb ﬁ}g%%ﬁbdaw?g{%ﬁ%e?%@&ggﬁgi | is different in w nding

interval at one si ereo rom at her side in a direction in
which the_ | C card._is can qﬁ h16.. The eﬂ%\/i ce as §et forth in claim13,
wher ei n tﬁ'éawgaﬁae?'%osﬁé%g% § NRENG P PEE COMPYE 'W’ﬁ"ra’b!f-" e | oop coil
and di sposed, at the side of the | oop coil where the
having an IC card antenna built therein,
the antenna being disposed in a location where a part of the IC card antenna overlaps

a part of the antenna, while the rest of the IC card antenna does not overiap that part of the

antenna, when the IC card is located near the housing.

2. The device as set forth in claim 1, wherein the housing is made of a metal.
3. The device as set forth in claim 1, wherein the antenna is
disposed at an end of the housing.
4. The device as set forth in claim 1, wherein in an area, facing the IC card, of the
housing, there is provided a positioner to determine a position where the IC card faces
the housing.
5. The device as set forth in claim 1, wherein the antenna is capable of communicating
with the IC card antenna if the IC card antenna is a loop antenna.
6.. The device as set forth in claim 5, wherein:

if the IC card is square; and

the loop antenna is disposed along the periphery of the IC card;



winding interval is small, to have one main side thereof directed to face
the main side of the |l oop coil, opposite to the other main side facing
the 1C card. 17. The device as set forth in claim 16, wherein the magnetic
menber is formed smaller than the |oop coil at the side of the | oop coi
where the winding interval is small while being |arger than the |oop coi
at the side of the I oop coil where the wnding interval is |arge.

-48-
the antenna is disposed in a position where one side of the loop antenna overlaps the

antenna while the other side of the loop antenna, opposite to the one side, does not overlap

the housing.

7. The device as set forth in claim 1, wherein:

if the IC card is rectangular;

a width of an area of the housing accommodating the antenna, facing a part of the IC
card, is smaller than a iong-side length of the IC card.
8. The device as set forth in claim 7, wherein the antenna is
disposed to extend from one end of the housing in an area having a width smaller than a
width of a short side of the IC card.
9. The device as set forth in claim 1, wherein the antenna comprises a loop coil for
inductive coupling.
10.  The device as set forth in claim 8, wherein the loop coil is smalter than the
IC card antenna, to which it is inductively coupled.

11.  The device as set forth in claim 8, wherein the ioop coil comprises a magnetic member.

12. The device as sef forth in claim 11, wherein the magnetic member is disposed to
face one main side of the ioop coil, opposite to the other main side facing the IC card.
13.  The device as set forth in claim 12, wherein the magnetic member has set
therefor a specific permeability p’ and a product Ms't of saturation magnhetization Ms

and thickness 1.



-49.

14.  The device as set forth in claim 12, wherein the ioop coit is formed from a piane
winding of a conductor, whose sections opposite to each other across the center of the
loop coil are disposed asymmetrically to be different in interval from each other.

15.  The device as set forth in claim 14, wherein the loop coil is different in winding
interval at one side thereof from at the other side in a direction in which the IC card is
scanned.

16. The device as set forth in claim 13, wherein the magnetic member is penetrated
in the center of the loop coil and disposed, at the side of the loop coil where the
winding inferval is small, to have one main side thereof directed to face the main side
of the loop coil, opposite to the other main side facing the IC card.

17. The device as set forth in claim 16, wherein the magnetic member is formed
smaller than the loop coil at the side of the loop coil where the winding interval is
small while being larger than the loop coll at the side of the loop coil where the

winding interval is large.



