/DESCRIPTICN El ectronic Device with Comunication Facility Technical Field

'wThe present invention relates to an el ectronic device with a communication
capability to wite and read data to and froma contactless IC (integrated
circuit) card wusing the technique of electronmagnetic inductive coupling.
This application clainms the priority of the Japanese Patent Application No.
2002- 284177 filed on Septenber 27, 2002 and No. 2003-025288 filed on
January 31, 2003, the entirety of which is incorporated by reference
herei n. Background Art Recently, a so-called RFID (radio frequency

identification) systemusing a Ccard, ICtag or the like has
been i ntroduced into the fields g:?l%aégﬁgﬁi@\ﬂas 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
schematically illustrated in FIG 1, the RFID systemincludes a contactl ess
| C card 100 and a r ddlgetrpici Devics oiith Commusication Fasditgata to and fromthe
| C card 100. The RFID system adopts the theory of el ectromagnetic

i nduction. A magnetic flux radiated froma |oop antenna 102 provi ded at
the reader/witer 101 is coupled by the 4 -2 electromagnetic induction to
a | oop RELERIPFLNP provided at the IC card 100 to provide conmmunications
between the 1 C 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 J anuary 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
,feader/witer to put netallic contacts into contact with each other as in
the conventional contactless |1C card systens. Therefore, data can be
witten to, and read from the IC card easily and quickly. In the above
RFID system the el ectromagnetic field radiated fromthe reader/witer 101
provi des a necessary power to the IC ¢ard 100 by el ectromagnetic induction
and thus any power source such as a battery or cell has not to be provided
in the I1C card. Therefore, the RFID system can be constructed to be
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reader/witer, 101 shoul d be able radi ate an, el romagnetic field

havi ngCAMERIHEAtnshstweepthe @@M iQ?O%‘% ’&?&Fﬁwrﬁe’bf@Lr to assure a
satisfactory range of comunications between the IC card 100 and

r eader / wr i krethelabove GIIEY systgm, theel @ cand hastnon babe drseited intgetheeader / wri t er
101 includes a loop coil 200 forned froma plane wi nding of a conductor as

shown jdadEl/Seritér tofg theaHi€ 8dhtacl@GnioScoritadt WRith EAcHbiMePds Rotheect i ons
di sposed opposite to each other across the center of the |[|oop coil 200.
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found i.n thﬁ (J:apa ese Publish Unexam ned Pat ent Application No.

1998- 1420 dhe fC\Gard rasilyeand guickly. di scl osed an antenna 90 provided at a main
unit and connected to a reader/witer nodule 91, and also in the Japanese
Publ i shed Imieaabione RIER systemppile dactremagiretic field radiated from the

reader/writer 101 provides a necessary power to the IC 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

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



2001- 331829 in which there are disclosed antennas AGL, A& and AG3 of a
Jeader/witer RW2. Therefore, in the above symmetric |oop antenna 102 for
the reader/witer 101, the nagnetic field is distributed symmetrically as
shown in FIG 3. FIG 4 shows the dependence upon the card position of the
strength of a current induced by the,l oop antenna 102 to the IC card 100.
As shown, two communi cation areas S1™ and S2' will be formed in positions,
respectively, opposite to each other across the center of the | oop coil
200. More particularly, the conmunication area S1' assures an ideal
magnetj_Cy: | , tl 1.el re.Si of the
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t he conmuni cation area Si', there is an area where magnetic fields
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in a central area where the magnetic fields devel oped around the | oop

ant enngadBwitet Ry neader/witer 101 are inverted in direction. In this
outer area, the induced current will have a | ower |evel than the necessary
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S2' is narrower than the communi cation area Sl', and the i nduced current
in this co¥mm skawstheaderengencd wpon the card position of the strength of a current

induced by the loop antenna 102 to the IC card 100. As shown, two communication
areas S;” and S,” will be formed in positions, 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 is the
communication area S,’ where only one of the four sides of the loop antenna 102 at

the reader/writer 101 is coupled to one of the four sides of the loop antenna 103 at the



smal l er than that in the communication area S1'. 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 IC card 100.
The vertical axis indicates the streggﬁh of the current

el ectromagnetically induced in the op antenna 103 at the IC card 100
under the action of the magnetic field in the loop antenna 102 at the
reader/writer 101. Comruni cations are possible in an area where the
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area Si, is conti nuously wi der ,as far as sible outwardly of poi nt,
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card 100 coi nci des W|th that of the | oop antenna 102 at the reader/witer
101, témaliésthas ylsatemthe comimeurdeaticar area 35e. That is to say, in a direction
the origin "0" toward outside of the above conventional |oop coil 200, the
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vertical axis indicates the strength of the current electromagnetically induced in the
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 2 direction the origin “0” toward outside of the above
conventional loop coil 200, the communication area S;’ i1s 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 S;’

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 coil 200
with a sheet 302 of polycarbonate or the |like being disposed as a
protective material over the |oop coil_ 200. Also in this case, the | oop
antenna 102 for the reader/witer 10I-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.

Further, i case resi n- mad usj ng 400, is U 0 .hau t.h 0 ¢oi |
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electric circuit board 401 inside the resin-made housing 400 and the | oop
ant enria te@havsing madatofanyMgailloy dritbmliksdiesguss ib etil ool gasmpidEopgrateduced,
which will lead to an increased thickness of the housing 400. Moreover,

t he codwert thenaflubpepobai eddyacii®enti@rthe kel eddensenhietloop £0il 200sisnear | y
equal in dinmensions to the loop antenna 103 at the I C card 100. The
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is limted in size to assure its portability. Therefore, any well
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



wor ked- out di sposition of the loop coil in a space inside the housing wll
,not effectively solve the problens in assuring a space for the | oop coi
installed inside the housing, that is enough to inhibit the

el ectromagnetic field radiated fromthe loop antenna 102 ftom adversely
affecting the electronic circuit board and the |ike disposed near the

i nner 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 preventing the netallic housing fromaffecting on the | oop antenna 102
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port abl e- hﬁpe el ectroni c device should be operable with E | ess power
consunpt i dAliferay Bppy e staftongry plecBonieaevices thihampd porahlesiig 102 cannot
be smaller, and thus the | oop antenna 102 has to be fornmed to have a new,
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strength even with a small drive current. Further, because of the |imted
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with t l'ocation of ‘any other“functional part such as a keyboard or the
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setting the transm ssion/reception position to attain an easier
oper abattehya 002 tiivem edeetselymiffeting the el¢ctrinic cixonie bhardeandtie liesdigpsesedhe
above wor ki ng-out of the spatial disposition, there
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 electronic device should be operable with a less
power consumption. Therefore, the drive current for the loop antenna 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



have been proposed techni ques of preventing the netallic housing from
.affecting the |oop antenna 102, including, as typical ones, an IC tag
antenna made of a pl ate-shaped nagnetic material to suppress the influence
of a netallic nenber (as in the Japanese Published Unexam ned Patent
Application No. 2001-331772) and a cng_loader antenna nmade of a magnetic
material to suppress the influence of 'a netallic nmenber by deflecting the
magnetic field in the antenna (as in the Japanese Published Unexan ned

Pat ent Application No. 2002-123799). Any of the aforenentioned conventi onal
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space-limted in power consunption and |ocation of installation. of the
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~invention has an object to overcone the above-nentioned drawbacks of the
r el at eelasdert ofmyrabilioy oflthegelactromiprdewvest #sedf. novel el ectroni c device having a
function of comunication. The present invention has another object to

provide a REEHEGRLH RRIEARALBovS WIrRRLOR o 18 ¥haealidighosfiash, 1aete and

receive wite and/or read information nore accurately wth suppression of
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per f or lgpcantenna 102, including, as typical ones, an g P P
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-dimited in power consumption and location of installation

of the loop antenna.

Disclosure of the Invention

Accordingly, the present invention has an object to overcome the
above-mentioned drawbacks of the related art by providing an improved and novel
electronic device having a function of communication.

The present invention has another object to provide a communication-capable



The above object can be attained by providing a conmunicati on-capabl e
.electronic device including according to the present invention: a housing
for acconmodating parts of the device; and a comuni cation antenna di sposed
i nsi de the housing to make communications wth a conmunication-capable IC
card having a | oop antenna built thergin, the communication antenna bei ng
di sposed in a location where a part of the antenna incorporated in the IC
card is to face a part of the conmunication antenna, while the rest of the
antenna in the I1C card will not face that part of the comunication
antenna, when the | ard is, |l ocated near the housi.ng. : ove

ol ect rarPEoRB e Eoe et R st Rl ReSiye el oA i mlichdiofhg T nede
of a netal and has at |east the conmunication antenna disposed therein, the
wi dt h afcusately withysppesssioa qfan indluenpe of erasiedakusedJoderng koRNNSr than at

| east the long-side length of the IC card forned to have a rectangul ar
shape pelphsicd thé davieeibodef short sides and a pair of long sides. The
housi ng of the electronic device according to the present invention has
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I nside the - Ssi ng. n an are the I'C card, of t'he housing,
there is provided a.posi,tioner tq.determne.a position where the IC card
faces PRETRBIITES Tohme s Tilles ang HEheTdy RECToRERERS ng o the present

I nvention, when the conmmuni cation-capable | C card having the antenna built
i s | ocat edThegbovesebjsstieamig attained by providing a communication-capable

electronic device including according to the present invention:

a housing for accommodating parts of the device; and

a communication antenna disposed inside the housing to make communications
with a communication-capable IC card having a loop antenna built therein,

the communication antenna being disposed in a location where a part of the
antenna incorporated in the IC card is to face a part of the communication antenna,
while the rest of the antenna in the IC card will not face that part of the
communication antenna, when the IC card is located near the housing.

In the above electronic device according to the present invention, 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 according to the present invention has

provided thereon an index to indicate the position of the antenna disposed inside the



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 communication antenna
at the housing to prevent any degradation of the conmmunication
characteristic for sending and receiving information to be witten to or
read fromthe IC card. These objects gnd other objects, features and
advant ages of the present invention W ll become nore apparent fromthe
foll owi ng detail ed description of the best node for carrying out the
present invention when taken in conjunction with the acconpanying
dramﬁqgs..Brief Description of the Drawings FIG 1 schematically

I 11 ust 8-t he conventional RFID system FIG 2 is a plan view of the
conventional RRW(reader/witer) |oop antenna. ,FIG 3 schematically

i | | ust r at d8 anrareagigaing the fiCeand doistheihpusingn there isprovided & pasiERpEival R W
| oop antenna. FIG 4 shows a characteristic curve of a performance of

comundetéirhiges fssitee whetd eheckihvanat faoestheRiodsingop ant enna and 1C card. -10
FIG 5 schematically illustrates the magnetic field distribution around the

convent i orly Blick:90: B4ViE0 4R SHARORAY. teldP VRhbh] fHBAYRL NG FIG 6 15 a

sectional view e convention op antenna di sposed in the
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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 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.
These objects and other objects, features and advantages of the present invention
will become more apparent from the following detailed description of the best mode
for carrying out the present invention when taken in conjunction with the

accompanying drawings.

Brief Description of the Drawings

FIG. 1 schematically illustrates the conventional RFID system.

FIG. 2 is a plan 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

.Sschematically illustrates the nmagnetic 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 asyrmg{qrjc | oop antenna. FIG 12 shows a
characteristic curve show ng the rel at1ion 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
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showi ng the performance of comuni cations between the I C card and each of
the plemwenipneh RIVW lpep gntenna shsposed in e mglatlie hppsingoop ant enna and cubi c
asymmetric | oop antenna, each disposed in a resin-made housing. FIG 15
shows an iFiduderd csoctieonal vibar afittherdony entional RV bovp agtehhe dispobed mathee - 11
of conmuni cati ons between the IC card and each of the plane symetric | oop
a”te”“&sin—ﬂlaﬂﬁglo% retric loop antenna and cubic asynu-netric |oop
antenna, each disposed in a netallic housing. FIG 16 shows an induced
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asym*reatlcrciogdiln(éotg tﬁg%fcgggt i%ggnt(i:ouxl]?.i 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 shdws 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 ¢ 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 characteristic curve showing the performance



magneti c sheet disposed in conbination therewith. FIG 17 shows an induced
.current characteristic curve show ng the performance of communications
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 c sheet disposed in conbination therewith. FIG 18 is a plan view of
a conmuni cation tern-iinal device according to the present invention. FIG
19 is a sectional view of the cubic asymmetric |oop antenna di sposed in the
comuni cation term nal device. FIG 20 schematically illustrates a
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flow of steps in the process of magnetic sheet manufacture, _FIG 22
scheneplrBe RS ymMmefie {oop acnm and CURICASY PBNHTiSJORR ARteAB, gach disppsed ina

schematically illustrates a coating machine. -12 FIG 24A is a plan view
of t hememdldiehousiapeet, and FIG 24B is a sectional view of the nmagnetic

sheet. FIG 25 is a plan view of the loop coil. FIG 26 is a plan view of
the cubic |
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substanti al part of t%e cubic asymmetric loop antenna where the magnetic

sheet | e .
of cosorn;ﬁ[umcatlons between the IC 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 a communication terminal device according to the
present invention.

FIG. 19 is 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 asymetric
Joop antenna where the magnetic sheet is hard. FIG 29 is a perspective
view of the comuni cation term nal device as the electronic device
according to the present invention and an I C card used in the

communi cation term nal device. FIG §2 is a plane view of the communi cation

term nal device according to the pre %nt i nvention, to which the IC card

is located in proximty. FIG 31 is a perspective view of a variant of the
comuni cation term nal device and a variant of the IC card, according to
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the ICcard is located in proxinfity. FIG 33 is a plan view of still

anot heef thgragmetysy shagk conmuni cation. ternminal  device to which the IC card
is located in proximty. Best Mdde for Carrying Qut the Invention -13 The
present i rivERt25{s ayplan Wewdsthelbepicoth detail concerning the

comuni cat i on- capabl e el ectroni c device as the enbodi nent thereof with
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antenna devi ce used in the comunication-capable electronic device em
2Co0T 01 by SFtk §3Hl BT RN Mg AR R BB, 7,10
'S Congr?tzﬁga %he?e (’Elgenﬂl%(é;ét?g ghéect:isc g(;fcti. 1. and a reader/writer

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 IC 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 is a plan view of another variant of the communication terminal device
according to the present invention, to which the IC card is 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 |ess type
conpliant with 1SO 7810, for exanple. Nanely, it has no power source such
as a battery or cell. The ICcard 1 is forned rectangular to have the sane
size as the so-called credit card, ngﬂ?ly, it is palmsized. Nanely, the
short and | ong sides of the rectangleare 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 recei data,. .an_l ' r ' | k jntegrated therein
el ectroni \éﬁﬁ Pr&a?‘?tsmt"ﬁ%&mfé%%\}%%&gh@ gﬁgétéilicgggé%%r?ggt G ti ng and readi ng
data, and a nenory. The | oop antennpa 2 includes a |qop coil 4 %grmad froma
pl ane CAMAAVAICAEONCanabHuelecEenicaleyIGe e Lrkament 8@%53‘?"#11% RPGRiteh a
capacitor 5 connected in parallel therewth. The | oop antenna 2 coupl es

wi t h atheekeompanyiggedriasifigel d radi ated froma |oop antenna provided at an
R'W50 that wmll be explained in detail later, converts the -1 4

el ectr omagngh! teld Yifl el Afle® b Ghfdrfidl deviciled iR SUPPI i €5 the signal to
the I1C 3. The | I ncludes a rectification circuit 6 to rectify and

o convupiup ot el BB Cetbldife KRR B bentiny 0 O ol o

6 into a DC power, an HPF (high-pass filter) 8 taq extrac(é a hi gh-frequency
conpordienna devieass wseskinrane isysigm eomsirucied as hawmer Flacti 1 Asshpram

circuit 6, a denodulation circuit 9 to denodul ate the high-frequency
congo nierfFl G U the BFIDr systérhés BRRpBsechobegurtactesslITC cardclgandal redderdwnitért e and
S (will be referred to as “R/W” hereunder) 50 to write and read data to and from the IC

card 1.

The IC card 1 is of a so-called battery-less type compliant with ISO 7810, for
example. Namely, it has no power source such as a battery or cell. TheIC card 11s
formed rectangular to have the same size as the so-called 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 denodulation circuit 9, a nenory
11 to store the data supplied ftomthe denmodulation 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 digpe 13 is connected at the anode
thereof to one end of each of the Fﬁbﬁ'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 d capacjtor 5..The rectifi. | O [1r G Ui ut puts
Che eredettroraagnesicfieit nhS B ElesRic sighaf dod oippliEs e defafidhe 165 P

el ectrical _signal supplied fromthe [oop coil 4 to the regulator 7 and HPF
8. The redhat®p includes ampesifieationsirquit ¢ ia restiey and sHwolh tfecleatrical ¢ he
aforenentioned rectification circuit 6 and one end of each of the resistor

14 andiggdlasbblied Hom Teloopagil 4t oreglhladaBitd comeertdrehe tkctrida aigmal gnal
supplied fromthe rectification circuit 6 by preventing the signal from

bei ng s@ghgﬂ g@}g\tﬂé }@&mﬁgsnt&caﬂ@irﬁéhg?ewﬁﬁ Hlpgﬂglg%%awﬂﬁle})e@td he

si gnal C power to the sequencer 1 sible to” suppress
Var | airk B ETER PR BRI R TR i SRR BBt [ car g 1,
etc. If not suppressed, such voltage variations will lead to a mal function
or t heertifiatdsn tireuit Heguiemasiulatmn qrariHpro demedalaip theckighrirequensici tor 16
and resistor 17. It extracts the high frequency conponent fromthe
el ect r¢grapoidrgnapphed flone thef HP 8, laesequencer 10 to control data write and read
correspondingly to data supplied from the demodulation circuit 9, a memory 11 to
store the data supplied from the demodulation circuit 9, and a modulation circuit 12 to
modulate data to be sent by the loop antenna 4.
The rectification circuit 6 is composed of a diode 13, resistor 14 and a capacitor
15. Of these parts, the diode 13 is connected at the anode thereof to one end of each
of the loop coil 4 and capacitor 5 and at the cathode to one end of the resistor 14 and
capacitor 15, the resistor 14 and capacitor 15 are connected at the other ends thereof to
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 &.
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
denmodul ation circuit 9. The denodul ation 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 denodul ated signal to thelfequencer 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 (conmand) supplied fromthe denodulation circuit 9 into

roads Dieier A SEnal ok BB oEES Reiebleh gl BRI BRI R T ocult of

analysis or wites data supplied fromthe denpdulation circuit 9 into the
menor ySUPpressrievelsagesyartationraysed by enoxemenhinibe 16 ¢and 1, pe9H888i vely to the
command supplied, and supplies the signal to the nodulation circuit 12. The
menor yvdration eaused byal etanige ofeh® pywen conssnptiori-ERREMhedCecardilg atd. y Iér asabl e
programabl e read-only nenory) needi ng no power for holding data, and

con necﬁﬁ%@préﬁs%,géugh%agé QRAYHSRIUSN & tb% mAlTRnEROR LY tHelliltd 6f AR dat a

supplie omt enodufation circurt 9 according to the result of

anal ysis from f(ge sequencer 10. The nodul ation circuit 12 is formed froma
seri esSEYFBET onposed of an inpedance 18 and an EFT (field effect
transi stor%h19. The inpedance 18 is, connected at gne _end thereof to the

cat hode of The\HRH $decampesed:ofea aapacier Abiagdagsistosdt/s 1 ik axtresis 8¢ cuit 6, and
at the other end to the drain of the FET 19. The FET 19 is
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. It demodulates the high-frequency signal
supplied from the HPF 8, 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 is a non-volatile memory such as an EEPROM (electrically



connected at the source thereof connected to the ground potential point,
.and at the gate to the sequencer 10. The nodul ation circuit 12 is
connected in parallel to the loop coil 4 included in the aforenentioned
resonant circuit and controls the FIST 19 to nake a sw tching operation
according to a signal supplied fromt sequencer 10 in order to change
the | oad of the inpedance 18 to the Toop coil 4. That is, the nodul ation
circuit 12 adopts the so-called additional nodul ation nethod. The R/'W50
includes a control circuit 51 to control data to be sent and received, a

nmodul ation,circuit 52 .and denpdul at i cifcuit 53, for,data nodul ati on and
Germod frasitl, Prodtepunnlc By oaRaeRosapnididh nk roer 8 naBlf BBEAR on

el ectromagnetic field to send and receive data. In the RFRW50, the, control

ci r cui eorBiecpaiiorthe eforameativaed sequenset 1@  ‘Themgnoryakk stogesdpte suppliedkt er nal
instruction and a programheld therein, for exanple, in order to control

t he noffohethealentididaticn Sizcwnd adeorting &d iteresilt ofiahalysis feo the sequemicer at es
17 _ send data corresponding to an instruction and supplies the data to the
nodul ajhon circuit 52. Also, the control circuit 51 generates a reproduce
si gnal “according to response data fromthe denodul ation circuit 53, and
outputs t dat . out.side.,ln.the dulation circuit 52 .a.transmtter
nodul at es mé’gﬁjﬁ’(%’t%r%tpb? 1S:fpried oqxﬁeseglgﬁtqr&pft(ﬂomgﬂsgdﬁ,anand suppl i es
t he nodul ated signal to the Iootg antenna 54. The denodul ation circuit 53

denoduirapastanced 8rapduAndtBE (fialdectdeqsfransistar dh t e impseganee éBdn 54, and

supplies the denodul ated data to the control circuit 51. The | oop antenna
54 al seorineetaddaon2 dndaheroif o tiy cathode oftlre dibde ¢ 3\in mick afprefmeationed

rectification 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 modulation circuit 12 is connected in parallel to the loop
coil 4 included in the aforementioned resonant circuit and controls the FET 19 to make
a switching operation according to a signal supplied from the sequencer 10 in order to
change the load of the impedance 18 to the loop coil 4. That is, the modulation
circuit 12 adopts the so-called additional modulation method.

The 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



conductor. It radiates an electromagnetic 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 a resonance capacitor connected in parallel or in
series thereto dependi ng upon an antgg?g driving mnethod adopted in the RIF'W
50 as the case may be. In the RFID syStem constructed as above, when the IC
card 1 is given an instruction for witing a predeterm ned data, the
control circuit 51 in the W50 generates a wite commuand signal on the

cor restonAg DRCHE AT AR EnEhRANGRE hPRes BRI Do kB2, o1 on

circuit  52. The nodul ati on circuit_ 52 nodul at es éhe anp I|tude of

osci | | eir¢whS2i gidpo,dhe castrpheireuibpl ZercaifsA TePEo esnHBna aﬁ?&oghﬁ% f?es the
nodul ated signal to the |loop antenna 54. The | oop antenna 54 will thus
radi at gesponss éath fromgie temodubienairauésih rddrmtpatsthe dstagpldusiderndul at ed
signal. 18 Note here that the resonant frequency of the resonant circuit

conposed ﬂj]\@o&?‘éﬁoﬁ ?;irkuf[ 20nd tf'%ﬁﬁﬁﬁtt&oﬁloﬁula%d tdedni Aathsupplie@dtsml is

set to 13 or exanple as a value corresponding to the oscillation

e st 1A S S RIS e e B0 %*H on,

converts it into an electrical_signal, and then su lies th 1_%ct rthcal
signal tolhegdemodslatimmeciequat?3 demodylajemiheaednlategl WARGSY ied
el ectromagnetic field is supplied to the rectification circuit 6,
rectif e antensarbdtdreicsupplieh ehe dembulatd data ¢o theicentolanickuit hlen supplied to
the regulator 7. The regul ator 7 suppresses the voltage variation
The loop antenna 54 also includes a loop coil formed from a plane winding of a
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 antenna 54 has a resonance
capacitor connected in parallel or in series thereto depending upon an antenna driving
method adopted in the R/W 50 as the case may be.
In the RFID system constructed as above, when the IC card 1 is given an
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.



(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 snoothed by the rectification circuit 6 is supplied to the
HPF 8 via the nodulation circuit 12 ere a high-frequency conmponent wl |
be extracted fromthe signal, and theh the high frequency signal is
supplied to the denodulation circuit 9. The denodulation circuit 9

denodul ates the supplied high frequency signal and supplies the denodul at ed

signal to e.seq 10. Th onmand)
supplied (S)tﬁ\ H@éﬁﬁ%fﬁsﬁl? tnﬁ%(ﬂ ?Sﬁer geﬁ]érca&worgﬁg% i1ghe si gnal
accordl ng to the programheld in the wites wite data supplied
f r om tlnep gettdbandcapasitor Sdarkudediintle I@@awelrﬂﬁr set1a 186 Md1z, fasexampple; he
result of analysis. On the other hand, in case the signal (conmand)

suppl isch valagcbhespamdidy tathoosdiilation freQuem:yathaemda carsier freiuency from

sequencer 10 will read data corresponding to the read instruction fromthe
TEMOr Yl B vpsBO. SOBves IS rddiR e AETeckrhdlzrlelie filR@yl at i on

Ci rcu?qlé cor%r egt)ﬂgﬁodiﬁ%?}fgg?ﬁgrrga‘g Eﬁ‘ér Tﬁat ?s %the %mdu?ation
circuit

FET 19 t d d i
o o el ! PR GO |
connecti on_between the _inpedance 18 and |oop coil 4 is broken.
r esul tto thadCidpebamelectical signabegsultgd deam éh@sﬂleétromenmwﬁ?ybi ISrﬁeﬂ@ﬁh@d cally

connected to the |loop antenna 2 at the IC card 1, varies correspondi ngly
t 0 t heorthagedicationhraifiod aectified hed sinvathgquohetia Ialctiﬁf:aﬁdﬂecird:uioﬁ aadt enna 54
will vary correspondingly to the inpedance variation, and the RFW50

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, in case the signal (command) supplied from the demodulation



I's thus enabled to receive the read data since the variation is denodul at ed
by the denodulation circuit 53. As above, conmunications are nmade between
the 1C card 1 and RRW50, and the R/ W50 can thus wite or read data to or
fromthe ICcard 1 in a non-contact manner or by radio. Note here that the
aforenentioned | oop antenna 54 at the W50 nmay be an antenna device
constructed according to the present"} vention 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

el ectroma tic field nd magneti c.sheet 8 | sposed tq.face,the in
St o CPTRRES s 8 seaditme o] BeSRHRSISS 10/ i GlETERohiine D e ad T ©
The | oop coil 81 is formed bly etching or other processing of an .

el ect r mstmdtion ifkam thememary| [1f oi Alsef thelsequengey tlils vitghss the FELhE in e f or ned
on both sides of an insulation film or substrate 83 made of a flexible

fil m ofpodptatiirtieeiol 2 tbrréspordingifavlthe kadndited That is, ilntiemmodrddtiofi f or mi ng
the loop coil 8 1 is not limted to the above one but the loop coil 81 nmay

Che 1 EE 2 L A o o e RO R0 ®
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coil 8 1, the winding sections thereof opposite to each other across the
cent er impeddnse| ldomdcloop @il hisbrkepos ¢ arsgutietheiiogiedgneecobibiedpeperent in
antenna 54 at the R/W 50, magnetically connected to the loop antenna 2 at the IC card
1, varies correspondingly to the read data. Therefore, the terminal potential of the
loop antenna 54 will vary correspondingly to the impedance variation, and the R/W 50
is thus enabled to receive the read data since the variation is demodulated by the
demodulation circuit 53.
As above, communications are made between the IC card 1 and R/W 50, and the
R/W 50 can thus write or read data to or from the IC card 1 in a non-contact manner or
by radio.
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 stde facing the IC card 1.

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



interval and width fromeach other in one direction. That is, the |oop coil
81 includes a | ower wi nding section 8 1 a 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 8 1 b being larger in
interval and wdth in that direction of arrow Z. On the other hand, the
magneti c sheet 82 is forned to have 2% ect angul ar shape larger than the

| oop coil 81 to cover the latter conpletely within the nmain side thereof
Thi s antenna device 80 has the magnetic sheet 82 attached to the nmain side

of the loop ..cail 81, opposite t .he .main,side facing.the 1C card. 1. In
this c@s@?‘%%@?&ieﬂ@mf F?PP%fOféﬁ?rngﬁé?ﬁfeeq P%E’&’%? Ehilf BRaY %técefhglhaevi ce
80 in one direction indicated with the arrow Z in FIG 8 is enhanced at

t he upgesubsirati $iymasle atfiadftedble Him bfipolywiopde or migd., ltzhgeld benotetddhstal and
width as shown in FIG 9. That 1is, different fromthe nmagnetic field

di stri{hdtrh&RolQIf %rrﬁﬁfﬁ%‘éﬁb@;t) 25i]1 B awmot Ninkitdd tokhe aBvé be Busttd loupicom of
magnetic field around the antenna device 80 is asymmetric. In the antenna

devi ce or.dl . I i [ | . ' S
for m&*d8 g%ﬁ% @b‘@n@ppﬁgﬁgﬁ 8 ﬁ r%?%t%ﬁch}égg ﬁ‘gé]%sg% %&%cé%]{f %l:l‘g&fpaagféaé%% rom
the lo coi] 81 is controlled, it is possible to praqvide i der range of
commurHRCF SHestrafe Sadarorme qasdusiar petighytiat wrevidasthedoss cofl gk or b
position of conmunication in one direction. Al'so, since the loop coil 81
can besfubtening asmetdl ¢argehtinfaring ondbp sebsttatd 83t a cohdudtQr paitetnithat providasenna
device 80 can be forned further smaller. The antenna device 80 according to
the prggqpbpcoi®ILi on has the magnetic sheet 82 disposed to face the main
side of the |oop coil 81, opposite to the main side facing

Also, in the loop coil 81, the winding 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 a 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 1C card 1, and thus can enhance only the magnetic field distribution on
.the main side, facing the IC card 1, of the |oop 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

comuni cations between the I1C card 1 and RRW50. The aforenentioned | oop
antenna 54 provided at the RFW50 nayzbé an antenna device constructed
according to the present invention as shown in FIG 10. The antenna device
is generally indicated with a reference 90. As shown in FIG 10, the

ant enng devi ge 90 incl udes l.oop coi,l 91 for  indugli.ve coupl.ing of an

el ectr isihution of Magaste Heldushund thegriernadoviss MdS A fretic sheet
portions penetrated through the center of the | oop coil 91 and | apped on
each ot heln thetant@ardevico8p acodrdirglto thefpresent ientionhsinge dhe birdpegoil 81
processing of a conductive netal foil of electrolytic copper or the |like

for ﬁ?dimrﬁﬁams?hﬁﬁari@fan@rthb AsderiBhtiom of bl @eticsid18 radiktedRonpde 16bp a
flexible filmof polyimde or mica. It should be noted that the nethod of
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substrate 93, a conductor pattern that provides the |oop coil 91.
direction.  Also, since the loop coil 81 can be formed smaller than the loop coil 4 at
the IC card 1, the antenna device 80 can be formed further smaller.
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 is generally indicated with a reference 90.
As shown in 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.



%

Also, in the loop coil 91, the w nding sections thereof opposite to each
_other across the center of the loop coil 91 are disposed asymetrically to

be different in interval and width fromeach other in one direction. That

is, the loop coil 91 includes a |ower w nding section 91 a being smaller in

interval and width in one direction,_&ggt is, a vertical direction

I ndicated with an arrow Z in FIG 10,“and an upper wnding section 91b

being larger in interval and width in that direction of arrow Z. Al so, the

| oop coil 91 has fornmed in the center thereof a through-hole 94 through

whi ch t he Jmgnetic eet 92 .i,s penetr . r : ghetic
sheet 92 | T§ ﬂ:ﬁ)@sccgl §E(§ %)ﬁajt?fiﬁy %SB{%%I @ngr %ﬁg&tegsﬁggé??lncogﬁg Y% glg%elngn of
the loop coil 91 and wi der than the outerpost w dth of tg&@ i ndi ng section
of t hefailoafpeleetrplysic, coppar ar thedikmipmmad pobethoidenef anansy “\c,ﬁ)‘%%rd from
the bottom center of the wide portion 92a and narrower than the innernost
wi dt h subfstriateeo Wimpdiensf sBetiblenfibh dffpelyiodde coinhic@1 #shohbdvbe noted i the0 and
11. Namely, the -23 nagnetic sheet 92 is forned generally like a letter

;' gr ﬁeg@&%@ﬁpﬁﬁfrhﬁﬁ% e 1&053%‘1?' Bis ﬂ(?trﬁﬂnﬂ@d 23 Ofbd e iPEItehe @ocg;ti@@ 092 is

ave a rectangulfar shape larger than the | oop coil to cover

th i ndi ti 91b t he .| il .9 i ;hin th
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magnetic sheet 92 is formed to have a rectangul ar. shape suff_ié:' en{)ly wi de
to penBimarsubstratedfrtotfioemieansiietordapaitesn thai pragides diy wep| cogh iaﬁ’él ¥nal | er

than the loop coil 91 for the |lower w nding section 91 a of the | oop coil
91 to hmtepierethetalnptget & form,idn thetsabstratei 93, sicdaduttor pattern that provides

the loop coil 91.

Also, in the loop coil 91, the winding sections thereof opposite to 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 lower winding section 91a being smaller in interval and width in one direction, that
is, 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
magnetic sheet 92 is penetrated.

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



In the antenna device 90, the magnetic sheet 92 is attached to the | oop
.coil 912 in one direction with the narrow portion 92b thereof being
penetrated through the through-hole 94 in the loop coil 91 in a direction
fromthe main side of the loop coil 91, opposite to the main side facing
the I1C card 1, toward the nain side j@fing the 1C card 1. Therefore, at
the I ower w nding section 91 a of the™1oop coil 91 where the w nding
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 IC

card ]maéﬁ]ftzﬁpﬁlqe‘ﬂ eRYE rj;%\‘.’lnl@d gﬁ%&gﬁm# i(lji%@ a%ﬁexo‘fT’t heMc?Q{Qg&&ht:a thOShige t Ne

wi ndi ng erval i'S’s € portron 92a o e magnet1c sheet 92
faces, at,  the other main side therepf, the, main side of the |oo oi | 91,
bppos | Retion SHeb i IRF AGITRECEr 0 10red dg havs 2 TeGrenghIar shige lapirs than
distribution of a magnetic field around the antenna device 90 in the

di r ectthedoop cafldwozdver E1eG1ped, windingseotiond 1b cirttic dodmnoid @ latonapletelipper
wi nding section 91b of the loop coil 91 where the wi nding interval and

W dt h @itBid BHedBairPside ers8R WO Ih& bfher band) the hagrosP pyRicHNYENOAtHEEVi ce 90,
since the loop coil 91 is forned asymetric and the distribution of a
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coil 4 at the IC card 1, the antenna device 90 can be fornmed further
smal | ethe lower endingsseetion Sliaed theloap caih8l tohe coweredicogpletly srittldn thef t he
ooF Cr(zlla;n sgitlie 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 1, 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 IC card 1. At the
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



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 w nding section 91b of the loop coil 91
where the winding interval is large, the magnetic sheet 92 faces, at the
wi de portion 92a thereof, the main s%%ﬁ_of the loop coil 91, opposite to
the main side facing the I1C card 1. s, it is possible to enhance only
the magnetic field distribution around the upper w nding section 91b, on
the main side facing the IC card 1, of the loop coil 91 where the w nding

interv h@dth;are large. Also, in the antenna device 90, since the
nagnetgléowg?gigjt rle'ngth I n the upper w nding section 91b of the | oop coil

91 where the winding interval and w dt re | ar . I.s enhanced, |t i

possi bl e tk heaboye aatqngagi@mesa%ém LPlﬁ il 81 IVRIMEB Hcen t he
ICcard | and RYW 50 in one place. Note here that in the aforenentioned
ant enntheddiviribetioffanmagistic field adgeed front trentenp catli Bns dostnodled, ithe | C card
1 and RRW50 can be wi dened by selecting, for -25 the magnetic sheets 82

and 92Roﬁ'ibleft6 p&ViMe aSPRIet FrzeRS dBiARiuhida¥ions BEtwiénOthe TOY @Mt dhd R/WAr ri er
frequency in the direction of the surface of the magnetic sheet and a
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and the range of communi cations was examned with the carrier frequency.
The exdevinaPlannesiormsed fushatsmallém FIG 12, As will be known fromthe
characteristic curve in FIG 12, the specific
In the antenna device 90, at the lower winding section 91a of the loop coil 91

where the winding interval is gmali, 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

is 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



perneability p' of the magnetic sheets 82 and 92 should preferably be 20 or
.nore to provide a wider range of communications of the antenna device 80
and 90, and nore preferably be 30 or nore to further w den the range of
conmuni cations between the IC card 1 and RRW 50. Also, the relation

bet ween the product Ms of saturation gnetization Ms and thickness t of
t he magnetic sheets 82 and 92 and thézﬂ?stance of conmmuni cati on was

exam ned. The examination results are shown in FIG 13. As will be known
from the characteristic curve in FIG 13, the product M-t of saturation

tjzation Ms hi f th tic, sheet, d 92 shoul d
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of the antenna device 80 and 90, and nore preferably be 10 emu/cn2 or nore
t o f ura kamier irgquesey imtherdireptionf ofdbmsurfaea ol hesmagneiiqehpsband apreded 82 and

92 shoul d have a coercive force He of 100 e or less. -26 The
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specific perneability p', and the product Mt of saturation nagnetization
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wi der range of conmmuni cations between the ICcard 1 and RW
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coils 81 and 91 can be forned
was examined with the carrier frequency. The examination results are shown in FIG.
12. As will be known from the characteristic curve in FIG. 12, the specific
permeability u’° 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 Mst 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 Hc of

100 e or less.



smaller in size than the |loop coil 4 at the IC card 1 by inproving the
.performance of communications, the entire device such as an RRWor the

| i ke using the aforenentioned antenna device 80 or 90 can be reduced in

t hi ckness to less than 1 mm and can thus be fornmed smaller and thinner.
Note that in the aforenentioned anteQ%?_devices 80 and 90, the upper and

| omer wi nding sections of the loop cOils 81 and 91 may not al ways be
different in both interval and width fromeach other but nmay be different
in interval alone. Also, the loop coils 81 and 91 are fornmed asymetric

may be in Lirar jrecti | hGh he distributi.o f..radi ated
mgnet i o 1 107 ArQkbeRfdne! fcbhRAe 2oy Saa DS BrBlderns BipfingS"na 5,
may have the upper _and | ower w ndi ng_sections thereof disposed

asymespacie pormepbilitydi 1, rad dhe preduchMs-vef saiwatignonagnetizationdyis éader in a
direction perpendicular to the aforenentioned direction of arrow Z or in
bot h t tiecldiese ¢t ofahe ofiagnetic sheets &card 92 atel seb ipecqrddncitvith 4 wedebeardi r ect i on
of arrow Z. -27 Thus, it is possible to control the distribution of
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the IC d ' directi i.n whi t he .l ils,81 and 91.in t
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conparison i n_perfgormance of conmuni cations anong the antenna_devi ce 80
const r #ied 83, K4S pawihicite prydde @ wides Fangee wmmangiasions betweantieds ¢ardl | be

referred to as "plane asymmetric | oop antenna" hereunder), antenna device
90 con$tandd®/Ad (rezdenwaiter) 300 t he present invention as shown in FIG 10
(wll be referred to as "cubic

In these antenna devices 80 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
commumnications, 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 field 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.



asymmetric | oop antenna” hereunder) and the conventional antenna device 200
.constructed as shown in FIG 2 (wll be referred to as "plane symetric

| oop antenna” hereunder), each of themwas placed in a resin housing as
shown in FIG 14 and also in a netallic housing as shown in FIG 15. The
results of conparison wll be descrlgfg her ebel ow. Note here that also in
t he conventi onal antenna device 200 teésted as above, the nmagnetic sheet
was di sposed at the main side of the |oop coil, opposite to the main side
facing the 1C card 1. Note that FIGS. 14 and 15 show characteristic curves,

respectiv | 00 : | .4 rength
of 5 our r o, T Yogpls e ot RRATNE BRGIBRON R A FhiLcRE ld " 00
and 200 at the.,RRWand.in which the origin "0" on.the. harizontal axjs
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R/'Wand the positive-going direction indicates a direction in which the IC
card -f28nposwritoto the I$hedrdel inatdissatiion ifirvamich tlkke brdpgéails'§l' and B imeheot her
hand, the vertical axis indicates the strength of a current

el ect roopanehtiGd ey SHonees 80 ahA90 feForRé®RSENNRLrid.ne | C card by the
magnetic field around each of the | oop antennas 80, 90 and 200 at the RI'W
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antenna 80 and a thickest line Cindicates a characteristic of the cubic
asymeds fpdahe agymmteena ;odlantenna” hereunder), antenna device 90 constructed -

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



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 conmunication areas S1' and S2' which are narrow as
indicated with a reference A in FIG 14. In the plane asymretric | oop
antenna 80, two communication areas S], and S2 were also formed but the
communi cation area S1 was |largely w déned in range of communications as
indicated with a reference Bin FIG 14. The cubic asymmetric | oop antenna
90 had a communi cation area S forned onIy in one place near the center

t her eo , wi k0 t I
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area S only fornmed _in one place because the cubi c asyrmetrl Cc structure
of theil) esamemgﬁbomﬁﬁrﬁreahﬂyctr@mgnw edevieeped: orethiei lepp aatenng ¢ he
magnetic field distribution shown in FIG 11. FIG 9 shows asynmetric

bi di r eatttherd@] ¢ard bydhe treagnetigriedld ardursl eixh dfahé lodp titenhapd0,H £2ah280 80, 90
and 200 was placed in the netallic housing. -29 The range of comrunications

was f ofROR NRTdnAMRImiRH Riatiohe aw 4816 $n ah awaebasw Likie iR@iéaid0witR a2/ | the

| oop antennas 80, 90 and 200 than that when the | oop antenna was placed in
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i nvention, however, the induced current was reduced | ess _than in the
conventhasageristia pé thesplane symmeteis Joam arisana 200, a keigkenling B indicatessp
antennas 80 and 90 according to the present invention, the induced current
was f oclrettattesistic of theepland abyminedriodoay amstennd 80 tand afﬂxitﬂdeaglimm@inﬁicatm
conventional |oop antenna 200.

characteristic of the cubic asymmetric loop antenna 90,

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.



As will be known fromthe above, the plane asymetric | oop antenna 80 and
.cubic asymmetric | oop antenna 90 can have the performance of conmunication
t hereof inproved as the communication areas S1 and S2 are conti nuously

wi der outwardly fromthe origin "0". Especially the cubic asymretric | oop
antenna 90 can conveniently be used sijice the communication 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 cated to a reduced power consunption. The above plane asymretric | oop

ant enngy 80, AR A ARKITES S 1ARR AR And80uEIRaRERL eoprleflupgeed by

the mateéeria ousi'ng for Aus can ave e range of

comunj cat i ons ereof wi dened jn _conparison with th conventi onal plane
symmtnhwm%abaii 2hop %@?naﬂd&%gofa&d Ritbyrvhen Bierloep pakrmagyas
comuni cati ons anong the aforenmentioned |oop antennas 80, 90 and 200, they
wer e tplatedimiherresmchonising s shhen-inFIGrd§netinehs pleat adiysmosteid loopf ace t he
mai n side thereof opposite to the main side facing the IC card. The test

resul t gntwhid) 80 AndRABRS 4y ndhie@ic OISRV RQRRMin2 6 thE PYétehfinvEhon, 16, and
those with the magnetic  sheet .being disposed so are shown in FIG 17.
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each of the |l oop antennas 80, 90 and 200 at the R Wand the positive-going
di r ect iherpresanit catagion, the mduced cumentvahfaure lee tdhwtnced by the material of
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



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 | oop antennas 80, 90 and 200 at the RW FIG 16 shows the
characteristic found wi thout the magngti c sheet disposed as above, while
FIG 17 shows the characteristic found“with the nmagnetic sheet disposed
so. It should be noted that in FIGS. 16 and 17, a thin line Aindicates a
characteristic of the plane symretri c Ioop antenna 200, a thicker line B
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antenna 90. As will be known from FIGS 16 and 17, in all of the | oop
ant ennthe Ibcardo  drhe testopsulthwithemegaetie sect Besigowedispesedsoshewa Ilave a

stronger magnetic field, and consequently a stronger induced current, than
i n casPI@O16,uil ﬂmgmatiﬂﬁhahﬂ@gneitis: shdéetshsing disposad oy are sHuvsn id Flﬁdliposi tion
of the magnetic sheet to face the nmain side --31 of the | oop antenna,
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strength, an ence the strengt a current n the OOp ant enna
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a comruni cation term nal devi cewgener al | ndi cated with a refgr ence 70,
as an e3cnef @eilaopantennasn 802G a QOiabﬂwﬁﬁM mdsipswhiehi the gpigin €87 onthe

present invention will be described herebel ow concerning thirs conmuni cati on
t er m nhorigemhlsxif Ondithes denroeitecef ¢avh dfeheilos) antenhaelT,O0Lses 200 at the

af orenent i oned
R/W and the positive-going direction indicates a direction in which the IC card
position is shifted outwardly from the origin “0”. On the other hand, the vertical axis
indicates the strength of a current electromagnetically developed on the loop antenna
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 noted 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
characteris'tic 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



cubic asymmetric |loop antenna 90 as the | oop antenna 54 for the RFRW50. The
,comuni cation term nal device 70 is a small electronic device the user can
carry such as a so-called PDA (portable digital assistant). The small

el ectronic device has functions such as information conmmruni cati on,

storage, imaging, etc., for exanple,, jntegrated in one nodule. As shown,

t he communi cation term nal device 70"§L6Iudes a body block 71 and a

di spl ay panel block 72. The body bl ock 71 and di splay panel block 72 are
connected by a hinge mechanism 73 that permts the display panel 72 to be

o ovi RO antend st 8 1o iekn R g suP 36, SR nete i . o

various operations of the comunjcation_ term nal  device 90, and bel ow the
i nput BREBRLGAclhyrenath ansiensadbe sungthpfimemrentdndess indhedoed 70 for the
R/'W50. The body block 71 has built therein a m croconputer (CPU) to

cont r adntemed atothe-182cdrt earabthiue it Ise oéryt ddvantaprons datiidenihg the remgeddvi ce 70.
The display panel block 72 has provided thereon a display unit 75 forned

from thitdin t [ Hﬂﬂzé | user - made operation
of thgcé nput @%#g%é@'ﬁgm%ﬂg r%%nt ‘}I‘/%Occgias’rﬁghﬁibg?/ the RRW50, etc.
under the trol. of the CPU.. The hi nge chanism 73 .has canera 76
st al | ed Kk Eshotes » Somrmingten PR S ¥Rty AR Rae U Ur ed by
the CCD canera 76 can be displayed on the display unit 75. To assure a

suf f i ciederenee d0dag gn srample ivowhich thepleremestionadi systemas aprlied-t s

formed small, |ightweight and thin, the comrunication termnal device 70
i ncl ud€ke passent invention will be described herebelow concerning this communication

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

The communication terminal device 70 is a small electronic device the user can
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



a part of the body block 71, a nmetallic housing 77 fornmed froma netal such
.as My alloy or the like, as shown in FIG 19. The netallic housing 77 has
the cubic asymetric |oop antenna 90 di sposed therein. The netallic
housing 77 has forned therein a concavity 77a for |odging therein the
cubic asymmetric |oop antenna 90. The,antenna 90 placed in the antenna
reception concavity 77a is covered mﬁ%ﬁ a resin nenber 78 fornmed from
carbonate or the |like and thus protected and prevented from going out of
the concavity 77a. It should be noted that the housing in consideration is

Fr om dbe sSgchepfie{TedonfyfigHof dindEteife 200nTHERGed BRI °Ci |

91 of the cubic¢_asymetric, |loop antenna 90 is disposed in the
af or e%ha%mlmﬁwe%@ displashenie dp tormah fomn afuipecrgtal display §EGdNed.

Thus, the IC card 1 will be scanned starting at the side thereof opposite
t o t hepanepto dispboka dderemadd eperatiomoti thatinmrt HeckVhadataesddcfrodOthetliat is, at
the | ower wi nding section 91a of the -33 |oop coil 91 of the | oop antenna

90 V\heda?dtlhgf MRIWE0, k€ Titider 8RO MtFB1Ibrahe CPR! | Bhe hidge mBEBahigner3 the
magnetic field distribution around the cubic asymetric | oop antenna 90 is
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field in the upper w nding section 91b is increased, as _shown in FIG 20,
so t hataptwedhanige CCh canggambneanbs displayet\gadaedigplacu’d- 1 and R¥ W50 can

be largely widened in one place. Therefore, in the comunication term nal
devi ce 70 Bxrassudé agufficiemaigidityerfithe communication terminal device 70 when it is

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. It 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 1s disposed in the
aforementioned one direction thereof in which the IC card 1 is scanned. Thus, the IC
card 1 will be scanned starting at the side thereof opposite to the input block 74 of the

communication terminal device 70, that is, at the lower winding section 91a of the



I nvention, the range of conmunications between the IC card | and RRW50 can
.be widened, and even when the IC card | is scanned starting at the side

t hereof opposite to the input block 74, data can appropriately be witten
to or read fromthe IC card 1 independently of the [imted |ocation of the
cubic asymmetric |oop antenna 90. Evepn in case the comuni cation term nal
device 70 is placed in the netallic ~thousing 77 included the body bl ock 71,
di sposition of the cubic asymretric |oop antenna 90 permits to inhibit the
range of conmuni cations between the 1C card 1 and R W50 from being

decreased. E since, the enna .90 a or med
armi | dpopisai §48F ieJ3hP Sfiennn sV R e Rops e Awd Wi A8 RraBet
comuni cation termnal device 70 _itself can be formed to be smaller and
consune | dashisosase. threnagnesis fisld shistaibution geounst the gubtsr asyaRTERES 190Png t he
af orenenti oned cubic asymmetric |oop antenna 90 installed in the
comunartahn®90 ieemhanabd detheoeppéd windingosectidd ddéssfrtheécbp cdih®1oadire the
asymretric | oop antenna 90 is made followi ng the procedure shown in the
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t he magneti c sheet For |ng the magne fic sheet 92, a
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magnetic powder is_an Fe magnetic material _containing Fe in 96 weight
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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 antenna 90.

Even in case the communication terminal device 70 is placed in the metallic
housing 77 included the body block 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 communication terminal device 70 will be



ot her magnetic material. Next in step S2, the magnetic paint is filtered to
.renove the nagnetic powder having a grain dianmeter |arger than a
predeterm ned value fromthe binder. In step S3, an extrusion nolding
machi ne shown in FIG 22 is used for extruding a nmagnetic paint 96 in a
reservoir 95 through between a pair i rollers 97a and 97b to forma |ong
magnetic sheet 92 having a predetern1‘%d t hi ckness. Next in step $4, the

| ong magnetic sheet 92 is dried and the binder is removed fromthe |ong
magnetic sheet 92. In step S5, an applicator shown in FIG 23 is used to
apply(§# aghgsive 99 to one of the main sides of a portion 92a of the
strip- magnetic sheet 92 being moved between a pair of rollers 98a
and 98b. Next in step S6, the strip-shaped netic sheet 92 is punched to
have a pr%clérlmaﬂwIMHpéOOP antenna A0tH maal@dglslowm the priesedungshangniat i c
sheet 92 is forned as shown in FIGS. 24A and 24B. Next, the aforenentioned
| oop celfid®d chartphdldar @d. as shown in FIG 25. As having previ ously been
described, the loop coil 91 is formed by etching or otherw se processing a
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electroconductlve paste such as a silver
S1 by mixing a magnetic powder, solvent and additive in a rubber-resin 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 0.3 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.



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 loop coil 91. The loop coil 91
has forned in the center thereof the through-hole 94 through which the
magneti c sheet 92 is penetrated. Thergeafter, the |loop coil 91 and magnetic
sheet 92 are attached to each other 11" “one direction with the magnetic
sheet 92 being penetrated at the narrow portion 92b thereof through the

t hrough-hole 94 in the loop coil 91 as showmn in FIG 26. At this tinme, the

side of the. netic sheet. 92, .applied wth e adhesive,99, i | sposed to
face the it Fdboss SPRGtioshEgTAerstic Yhitk 4% FEMER A5anva FIGSE T over
wi ndi n section 91a of the loop coil 91 where the winding interval is

smal | ,24Aandadd4bw portion 92b of the magnetic sheet 92 is attached to the
main side of the loop coil 91, facing the 1C card 1. Thus, at the upper

wi ndi ng seNekQtheddbrahentienddioppaeil 919k propared ta 8hownniaki FIG. 2% erAml is
| arge, the wide portion 92a of the nagnetic sheet 92 can be -36 attached to
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magnetic sheet 92 is penetrated through the through-hole 94 in the | oop
coi | osides af d flenitiln énsubmsiprcBlm o subsitata OBafipsdyimide, mhea ontiedskse Bee to t he
| atter. Al so, the nagnetic sheet 92 should preferably be relatively soft
and f | gxtHddeof foftming the loop coil 91 is not limited to the above-mentioned one but the

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 52 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



this case, deformation of the nmagnetic sheet 92 controls the deformation of
the lower and upper w nding sections 91la and 91b of the loop coil 91, so
that the thickness T1 of the entire cubic asymretric | oop antenna 90 can
be reduced, as shown in FIG 27. In case the magnetic sheet 92 is hard,
however, the | ower and upper w ndi ng_3%e_ctions 91a and 91b of the | oop coil
91 will be deforned largely, so that the thickness T2 of the entire |oop
coil 90 will be large, as shown in FIG 28. Note here that in an electronic
devi ce, such as the aforenenti oned comunication term nal device, for
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information to or froma contactless |C card having a | oop antenna as
above tempinahdevigailfs dat a conmuni cations by the inductive coupling, if the
housing form ng the device body inside which the |oop antenna is provided
i s made oflhe aforcynesionadaluibay asyahmeininopranteros 9@ han b€ pradutedithtought
normal |y operate when it is -37 located in the vicinity of the electronic

devi che FH@Ye-niontiohed 360286 MakBB), HEOEUHIP SRRt $66p BitenAg90GRsaNd | C
card uses a loop antenna fornmed froman air-core coil, formng the housing
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resonant frequency, so that no normal communi Q%i ona Wi Ifcmgos i bly be done
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reduction harnful to the communications is caused by an eddy current
devel cpiddsive %he thelattdri c housing by a radi o wave generated by the | oop
antenna at t he I C card. Especially, since the

Also, 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 Joop 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, incorporating 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



housi ng as the body of an electronic device |ike a small portable-type
_comuni cation termnal device having the aforenentioned reader/witer
built therein cannot formed |arge, the | oop antenna of an antenna
installed inside the housing cannot be forned large, either. As a result,
the IC card has to be placed in clos%wcontact or proximty to the netallic
housing in order to transfer informati'‘on between the small portable-type
comuni cation term nal device and IC card. Thus, the nmetallic housing will
have a considerable influence and the inductance wi |l be considerably

reduc a at i.ons 0SSi et ni cation
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proposes to assure a sufficient strength of_  the housing as the body of a
conmuriosamipicatien ierminabideyice ang |IC603€1&§$W o sdenpeolerDsddEemAR t er i nal
device to be thinner and smaller, to thereby provide a small portable-type
comuniisabieatvil; #pphing thedrmusing of the\coaanurigatide teyinipalsdevicefroopametalcat i ons
wi th a comuni cation-capable I C card. -38 An application of the present
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formed sna porta Ity and capable of communications wll be
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specifically, the present invention is applied to a com‘rum C t|o erm nal
devi céhe zonypumicatien sarmisakdeyise prd F cardrg The pductace redu

communi cations. As shown in FIG 29, the communication term nal dgw ce 121
has a tbahé @oguhawicamdm isicaubaliby ng elldy rungnt devalepedm thedpetallitehdming ng

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 IC card.



122 is made of a nmetal sheet having a good electrical conductivity such as
.2 nonmagnetic al um num sheet or brass sheet, a nonmagnetic stainless steel
sheet or iron sheet, or the like. The housing 122 has a display unit 123
provi ded on one side thereof. The display unit 123 is forned froma |iquid
crystal panel. It is provided on thesgpne side of the housing 122. The
display unit 123 displays information to be processed by the comuni cation
term nal device 121 and how the information is processed, etc. Al so, the
housi ng 122 has provided in the center of the one side thereof an input

unit 125 i pel.udi Tk [

comrands f‘gﬁ a‘ﬁgg??téﬁgegpe@é&elg%iﬁgﬁv@ﬁﬁfrﬁ%d QEe er}%ﬁ%%}tloﬁmal d%e Si e of t he
housi ng 122,, 0 pOS| i re t unit.123 n t here is
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communi cati ons W|th t he communi cation term nal device 121. -3 9 The card

mount d&gribedheoshaled. on t he side of the housing 122 where the display unit
123 and input unit 125 are provided. In a position inside the housing 122,

faci ng 't heThe prébefiPitventiaR is dppiicabletonthe\ufeRendtionad Qbﬁﬁﬁﬂﬁﬂc@ﬁ@ﬂ pl ane
asymmetric | oop antenna 80 constructed as shown in FIG or cubic

communieEain R TG oGy 96718 NS pectas: 4 Pﬁéﬁtgfﬁv&?ﬁop ant enna
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| oop antennas 80 and 90, and mAII not be described in detail any nore.
able to make commumcations As shown in FIG. 29, the communication terminal
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.



Further, the housing 122 has provided inside it a reader/witer (RRW to
Wwite and read data to and fromthe IC card | 10, and a controller to
control the conponents of the comunication term nal device 121. The
controller controls the display unit 123 to display data or the |ike read
by the RRWfromthe IC card 110 accorging to a command signal supplied
fromthe input unit 125, for exanple.”"The IC card 110 capabl e of sending
and receiving information to and fromthe conmunication tern-dnal device
121 will be described in detail below. The I1C card 110 referred to herein

Is for C |y I ¢ I I al
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have a rectangul ar , shape having_a lLong-side length L, of 86 nun, a
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i ncludes a body 111 formed mainly fromthe material of the I1C card 110.
The caradd nealnt 16, tese ruptovidadeeaiforeaneritioned pfl agr atyatmeiricloop)antdrtha
including a nenory to store information to be -40 sent to and received from
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communi cati1ons, and other electronic pafts. The card body 111 has provided
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term nal devjce 121. The antenna_ 115 at the IC card 110 is forned to be a
| oop dfesthfalanp stpenn shewnandder 1096 ¢ comaupigalignanteimape Hiong t he
periphery of the rectangular card body 111, that is, along a pair of |ong
si des donmithuaicanichnlzhté¢rimaak consteuctad ds b tye destriptippatieady nadeasfithot her, and a
pair of short sides 111c and 111d

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 Japanese
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 mm, a short-side width W,
of 54 mm, and a thickness D; of 0.76 mm. 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



opposite to each other. Nanely, the antenna 115 provided at the I1C card 110
s formed as a rectangul ar | oop antenna having |ong sides 115a and 115b
extending along the long sides 11l1a and 111b, respectively, of the card
body 111 and short sides 115¢ and 115d extendi ng along the short sides
111c and 11cd, respectively. Note th@b_@n case any one of the |og sides
115a and 115b extendi ng along any one ~ of the long sides 11la and 111b of
the card body Ill of the rectangular IC card 110 is to be placed in
proximty to the comunicati on antenna for comrunication with the

comu eyi . . 1154 _may not
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may be oblique with respect to these short sides Ill ¢ and 111d. In the
ant enrfPnirol the eQmgaieatianse apdotier ¢lecitgnig Rt ndi ng sections forming the

| ong sides 115a and 115b, respectively, may be different in interval and

wi dt h froffheeatd batdyek],] hesmrbyidetithereondinnantemst 1 nthatagmineurasgtesstith c.
That is, the range of - 41 cornnunications wth the comruni cation term nal
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magnetic field’radiated fromthe antenna 115 with the wnding interval and
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when the ICcard | 10 including the body I I | forned as above to have the
| ar ge ofathtaagthagulandatidvodygl 11h¢hatns,calong 3 Ripofdongsdles| dig andel Jdbrafphery of
the card body 111 is

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 wit'h the
communication terminal device 121, the short sides 115¢ and 115d may not always be
placed to extent along the other short sides 111¢ 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



placed in proximty and opposite to the card nmount 126 provided on the
surface of the housing 122. Note that the card nount 126 fornmed on the
surface of the housing 122 has provided thereon an index 127 that

i ndicates the position of the cubic asymmetric |loop antenna 90 di sposed

i nside the housing 122 and also a posifion where the 1C card 110 is in
proximty to the conmunication antenné. The index 127 is fornmed by printing
on the surface of the housing 122 or engraving in a part of the housing
122. The index 127 may be a synbol or figure as well as a character or the

l'i ke ipndicati.ng: bit d ' .ome _of th | des | la and |
15 Rt Eidhe PR Sphfilth AR Befloe i bR BHCRRIned Y Sop
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devi ceC@JEEIOIEWg the disfdbietioneha irmgnﬁlpﬁg&ld gediated fromdhe gptennardéimb o i s
provided in a position where any one of the long sides 11 la and 11 Ib of
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correspondence to the index 127 will project fromone end 122a of the
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or 11 5b of the antenna 115 at the 1C card 110 faces "t he oop antenna 90.
More specific he .l oo nt en 0_at ,the co nication. termnhal. device
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w dth WL, al on t he short sides 11llc and 111d, of the IC card 110 from one
end 128 lengsiiesddaaiang 118bxofdhe antommaildSpwid ovsglap the loop antenna 90 when

the IC card 110 including the body 111 formed 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 inside the housing 122 and also a position where the IC card 110
1 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 Jong 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



In the comrmuni cation term nal device 121 according to the present
Jdnvention, when the IC card 110 is placed in proximty to the card nount
126 with any one of the long sides 111 a and | 1 1 b being placed near the
i ndex 127, any one of the long sides 115a and 115b of the antenna 115 at
the 1C card 110 wll face the | oop a.%fnna 90 and the other |long side 115a
or 115b will project out of the netallic housing 122. In the comrunication
term nal device 121 according to the present invention, when the IC card
110 is placed in proximty to the housing 122, the long sides 115a and 11
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I s, since conmunications between the cormunl cation term nal device 121 and
| C cartime]thecaheblongsidesvidd et Mdbrofithe ahtempa dd b et itlze DO cardil thfacksthe si des
115a -43 and 115b of the antenna 115, that do not face the netallic housing
122, tiep m@sApam(:ations can be done with prevention of the inductance
reductlon caused by the netallic housing 122. In the conmunication
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shoul d, desira |1 er tha t he | 11

achi evié déSP%Bﬁ?én ﬁééliat{m atQ) QU @ S %é}l%’éefltéﬂ éhffdwl‘%dw qﬂﬂg he
above construction of the housing 122, the short sides 115¢c and 115d of

t he arnthershartisideschd clamdpirldideof gt Ko card 110 from one end 122a of the housing

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
lIong 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 115a or 115b will project out of the metallic housing 122.

In the communication terminal device 121 according to the present invention,
when the 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 read information 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



the lateral side of the housing 122 when the IC card 110 is placed in
proximty to the card nount 126 and any one of the long sides 115a and 1
15b is directed to overlap the 1oop antenna 90. Thus, the inductance
reducti on caused by the nmetallic housing 122 can be prevented nore
positively. In the comunication terghggl device 121 according to the
present invention, a positioner 130 I'S provided at the card nount 126 to
assure that the I1C card 110 can be placed near the top of the card nount
126 with any one of the long sides 115a and 115b of the antenna 115 being

SUDET DO3EY 198 ot L ABRLAD £11A3: 90 nbloE O OLN" Qg 1 81 9, 1152 or 1150

s kep romcom ng on e neta ousing owm'in FIG 31,
the positioni,ng,130 is forned,as a step one of the long sides Il la and
11 1 b BPOYMIFRIRNs el Wib Reayentivn ol the sadugthnge fedueion gausgddihosed on
the loop antenna 90, will abut. OMng to the positioner 130 provided to

def i nethe wetillic bousihgtl@@. | C card 110 -44 going to the communi cation
term nal device 121 as above, the antenna 115 at the IC card 110 can be

accur at el yIrpgel ddremasidatioh $bahinaNdédct 121 laeedrdiid enfie (ABsdiR iRasitldnY Bley
prevent the antenna 115 from being fully superpoSed on the nmetallic housing

ot al | VR0t SR e bR SRR irerfid REPE (eTFob BRIRDRODISY on
90 1 or CiSBRIALANN gty oerieaee then hersnetl G heCEerdddOdo 6isvEa nor
of the nmetallic housing 122 as shown in FIG 32. In this case,

more positive communications with the IC card 110. With the above construction of

the housing 122, the short sides 115¢ 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 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
115b 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 met.allic 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



the 1C card 110 is disposed to cover the corner of the netallic housing 122
Where the |oop antenna 90 is provided, as shown in FIG 32. By formng the
metallic housing 122 to be rectangul ar and di sposing the | oop antenna 90
at the corner of the rectangular housing 122, it is possible to dispose the
| C card 110 on the card nount 126 m{%@_any one of the long sides 115a and
115b of the antenna 115 bei ng superposed on the |loop antenna 90 while the
ot her long side 115a or 115b is kept frombeing on the netallic housing
122. Thus, the inductance reduction caused by the nmetallic housing 122 can

be pre | e for nent i,0 ni,catign termn Vi 121
ond” pok kIR S et el EPRRA SRSl Y, 86 EMATS atREAEY: oo
121 are possible. Furtherm)re the IC card 110 used in the conmunication

t er ni reard dd{icaa bepaccusatebpasigonesl inHelasionsterthe lonpattenna PO tagosttivelt ed i n
shape to the aforenenti oned rectangular one but nay be formed circul ar as
shown prevEhtGhe3RteraslS from béing duidy sdperpoddil omyhdmelhy hdasingi 122, an

annul ar antenna 145 forned by w nding a conductor along the peri phery of a
di sk- SPRPEG & d@sf%‘?éit'o ent¥RAndfcthhl élaaﬁﬁéﬁon%geihé %%Rall rl{cﬁl@a%

di sposed at t e conmunt cat1on term nal device ace ere onIy a
part of the ann u]Irar antenna 145 will overlap the Ioop antenna 90 at the
communT&t PBHYY &P mi nal device 121 while the rest of the antenna 145 is
forced to be outsjide the netallic housing 122, when the circular IC card
110 i s pl dwtheringhe gpmmupication smiral evice wu@qqagdmgzo the present t hi s
comuni cation term nal device 121, there is provided the index 127 that

i ndi caimesntitwg, thododp anteafia SOefol comnantieativnsO0ithitlseIC edrd 110 may be

provided at one corner of the metallic housing 122 as shown in FIG. 32. In this case,
the IC card 110 is disposed to cover the corner of the metallic housing 122 where the
loop antenna 90 is 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 115a 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 IC 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



inside the netallic housing 122 and al so a position where the I1C card 110
.has the <circunferential edge thereof put in proximty to the communi cation
antenna. In the foregoing, the present invention has been described in
detail concerning certain preferred enbodi nents thereof as exanples with
reference to the acconpanying dramﬁng . However, it should be understood
by those ordinarily skilled in the ar{ "that the present invention is not
limted to the enbodi nents but can be nodified in various manners,
constructed alternatively or enbodied in various other fornms wthout

depart| frqmt he.scope.and spirit ther as set fort.h and defined in

t e apbihaiay B8 BeISL Rina iRt PR £ Tos P Pe urorstat bt
the foregoing, the electronic device according to the present invention
can nadlengdhepaiipbenysrs disktshaped carddzody Id1.h Adsosinithis casactheddop 46 the

metal lic housing and thus can positively transfer information to be witten

to or gEafnd HOMR Hizposdd stathd confifuficaidBtédrmifaLeeTitO 12 8ih 8plaPRhte
el ectroni c device conprising: a housing for acconmpbdating parts of the

devi ce: : : o abil . ¢ K
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comruni cati on ant enna. bei

communication termina d%gic%i O\%ﬁﬂe itlrfe Eeslt of f tei é(ijrptel\ll\l@aeifs % ﬁ)?ééd 1%: bé he
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 proximity to the communication antenna.

In the foregoing, the present invention has been described in detail concerning
certain preferred 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



\
antenna incorporated in the ICcard is to face a part of the comunication
.antenna, while the rest of the antenna in the I1C card does not face that
part of the comunication antenna, when the IC card is |ocated near the
housi ng. 2. The device as set forth in claim1, wherein the housing is nmade
of a metal. 3. The device as set fo[ag_in claim1, wherein the

communi cation antenna is disposed at 'an end of the housing. 4. The device
as set forth in claim1, wherein in an area, facing the IC card, of the

housing, there is provided a positioner to deternmne a position where the

| C cargd. f . . i . j th i laim.1l, wherein
the antisraigie bGSHEdAos Gan PG5 REN SRR Koo ol BbRT D Tor e
inclaimb, wherein: the IC card is square; the |oop antenna is disposed
al ong Fﬁéfb@ﬂﬁbﬁéﬁyxﬁﬂ-the | C card; and -48 the communi cation antenna is
di sposed in a position where one side of the |oop antenna overlaps the
communi cation 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
inclaiml, wherein: the ICcard is rectangular; and the housing has at

| east the antenna provided thereon; and the width of the area of the

housi ng, facing a part of the IC card, is smaller than



the long-side length of the IC card. 8 The device as set forth in claim?7,
Mherein the communi cation antenna is disposed to extend formone end of
the housing in an area smaller than the width of the short side of the IC
card. 9. The device as set forth in claim1, wherein the comrunication
antenna includes a |oop coil for ind¥ftive coupling. 10. The device as set
forth in claim9, wherein the loop cofl is smaller than the antenna at the
|C card, to which it is inductively coupled. 11. The device as set forth in
claim9, wherein the loop coil has a magnetic nenber. 12. The device as
set forth in claim9, wherein the ?gggﬁh'c menber is disposed to face one
mai n side of the | oop coil, opposi he other main side facing the IC
card. 13. The device as set forth in claim 12, wherein the nagnetic nenber
has set therefor a specific perneability p' and a product Mt of
saturation magneti zation Ms and thickness t. -49 14. The device as set

forth 1.n cAziomr@nicatieneiapatlbeldcmamicdelicesofmprishek:f rom a pl ane wi nding of
a conductor, whose sections opposite to each other across the center of the

| oop coil j j di.ffarent in interval from each
PAGuHhE ROSKLRINIIRIY St It IR 81l aha

ot her, 15. The vice as set in claim 14, Wwherein the loop coil is
i o di rect (OTIGHIon AHtFes disBlse Retedfia MRz e MBI BT ot
forth in claim13, wherein the magnetic nenber is penetrated

with an IC card having a loop antenna built therein,

the communication antenna being disposed in a location where a part of the

antenna incorporated in the IC card is to face a part of the communication antenna,

while the rest of the antenna in the IC card does not face that part of the

communication 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 communication 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 of the IC card is a loop

antenna.

6. The device as set forth in claim 5, wherein:

the IC card is square;

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



in the center of the |Ioop coil and disposed, at the side of the | oop coi
Where the winding interval is small, to have one nain side thereof
directed to face the nmain side of the |loop coil, opposite to the other
main side facing the 1C card. 17. The device as set forth in claim 16,
wherein the magnetic nenber is formed, smaller than the loop coil at the
side of the loop coil where the mﬁndrﬁ%'interval Is small while being

| arger than the loop coil at the side of the |loop coil where the w nding
interval is |arge.

the communication antenna is disposed in a position where one side of the loop
antenna overlaps the communication 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:

the IC card is rectangular; and

the housing has at least the antenna provided thereon; and

the width of the area of the housing, facing a part of the IC card, is smaller than
the long-side length of the IC card.
8. The device as set forth in claim 7, wherein the communication antenna is
disposed to extend form one end of the housing in an arc-aa smaller than the width of
the short side of the IC card.
9. The device as set forth in claim 1, wherein the communication antenna includes a
loop coil for inductive coupling.
10. The device as set forth in claim 9, wherein the loop coil is smaller than the
antenna at the IC card, to which it is inductively coupled.
11. The device as set forth in claim 9, wherein the loop coil has a magnetic member.
12. The device as set forth in claim 9, wherein the magnetic member is disposed to
face one main side of the loop 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 u” and a product Ms-t of saturation magnetization Ms

and thickness t.
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14. The device as set forth in claim 12, wherein the loop coil is formed from a plane
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 interval 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 coil at the side of the loop coil where the

winding interval is large.



