41> DESCRI PTI ON Ant enna Appar atus, and Communi cati ons Apparatus Usi ng Sanme
.Jechnical Field The present invention relates to a reader/witer antenna
apparatus for witing and reading data to and froma contactless IC
(integrated circuit) card adopting the technique of

el ectromagneti c-i nductive coupling ang_-a comruni cati on apparatus using the
antenna apparatus. This application clains the priority of the Japanese

Pat ent Application No. 2002-284177 filed on Septenber 27, 2002 and No.
2003-3739 filed on January 9, 2003, the entirety of which is incorporated
by reference herein. Background BPESCRIPFIONY, a so-called RFID (radio
frequency identification) systemusing a contactless IC card, I1C tag or
the |ike has been introduced into the fields of art such as an automatic
ticket checker used in the railway station, security systemfor checking
people going to enter, or exit frqoqma building, electrqnic ney system

etc. As scher’r%?‘ieéﬁ?WHWQ%%t%QBWW@OUf,APWaNSI 185 i ncl udes a
contactless I1C card 100 and a reader/witer 101 to wite and read data to
and fromthe I1C card 100. The RFID system adopts the theory of

el ectromagnetic i nduction. An el ectromagnetic -2 field radiated froma | oop
ant ennpchBcapFoaidded at the reader/witer 101 is coupled by the

el ectromagnetic induction to a | oop antenna 103 provided at the 1 C card 100

to The present invention relates to a reader/writer antenna apparatus for writing and

reading data to and from a contactless IC (integrated circuit) card adopting the
technique of electromagnetic-inductive coupling and a communication apparatus using
the antenna apparatus.

This application claims the priority of the Japanese Patent Application No.
2002-284177 filed on September 27, 2002 and No. 2003-3739 filed on January 9,

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. An electromagnetic
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provi de comruni cati ons between the 1C card 100 and reader/witer 101. In
the above RFID system the |IC card has not to be inserted into the
reader/witer to put nmetallic contacts into contact with each other as in
the conventional contactless IC card systens. Therefore, data can be
witten to, and read from the IC cand easily and quickly. Also, in the
RFI D system the el ectronmagnetic field radiated fromthe reader/witer 101
provi des a necessary power to the IC card 100 and thus any power source
such as a battery or cell has not to be provided in the 1C card.
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magnetic strength in order to assure a satisfactory range of communi cati ons
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102 for the reader/witer 101 includes a |loop coil 200 formed froma pl ane

wi ndi ng ofInathe ABEYE RIFTDASs&1AWhel IC Edr@hag nof REbé fRrte@iihtodBe is formed to
have wi ndi ng sections thereof, opposite to each other across the center of

to eacnrogy REre i AR Ra o o M B R W 0 oo et enna
AT R R X M I A S
provided at a main unit and connected to a reader/witer nodule, and al so
i n t hefronpdete crubeisilyendunsgkly ndls@anghe RFID system, the electromagnetic

field radiated from the reader/writer 101 provides a necessary power to the IC card

100 and thus any power source such as a battery or cell has not to be provided in the

IC card. Therefore, the IC card used in the RFID system can be excellent in

maintainability, lower in price and higher in reliability.

In the above RFID system, the loop antenna 102 provided at the reader/writer
101 should be able to radiate an electromagnetic field having a certain degree of
magnetic strength in order to assure a satisfactory 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 to have winding sections thereof, opposite to each other across the center of
the loop coil 200, disposed symmetrically to be 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



Application No. 2001-331829 in which there are disclosed antennas AG, AR
.and AG3 of a reader/witer RW In the above symmetric | oop antenna 102 for
the reader/witer 101, the magnetic 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 thesl oop antenna 102 to the IC card 100.
As shown, two communication areas S1"™ and S2' are fornmed in positions,
respectively, opposite to each other across the center of the | oop coil
200. More particularly, the conmunication area S1' assures an ideal

magnet | 6 4e4RkH : LG i,des of the
| oop a{rﬁ\’?l (lanna 5%%911&?&? e %%g@%gﬁ %#@?éq%g%& gﬂﬁhgﬁﬁl %I{?B%Ql}%laed to those
devel oped at four sides of the |ogp antenna..103 at the, | ard 100,

oppos: Fadeq vrHet Redhte; 3nd also sl dBedies PubHGh i et SARE 100 Qut si de
the comunication area S1', there is an area where nmagnetic fields
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in a central area where the magnetic fields devel oped around the | oop

ant ennAGHZf ateddegwreedRWwW i ter 101 are inverted in direction. In this
outer area, the induced current will have a |ower |evel than the necessary
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areaS2' is narrower than the conmmunication area S 1', and the induced
current i nFXhi%shownihe dependence eporsiie dagd 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,’ are 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 strepgth of the current

el ectromagnetically induced in the |o0op antenna 103 at the I1C card 100
under the action of the magnetic field in the loop antenna 102 at the
reader/witer 101. Comruni cations are possible in an area where the

stren e i r b | ue i1 ndicated
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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 easie_r to use.
That is to say, in a direction the origin “0” toward outside of the above
conventional loop coil 200, the communication area S;’ is followed by a
non-communication area once, and then by the communication area S;°. 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 nmetallic 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 |ike being disposed as a
protective material over the loop coik_200. Also in this case, the |oop
antenna 102 for the reader/witer 101 cannot efficiently radiate any

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

conmmuni cations between the IC card 100 and reader/witer 101 i s narrow.
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200 as shown e di spose etween an
electric circujt board_40 i nsi de t he, resi n- made . housi n 0 and, the | oop
ant enid [ 8 A0 Bade P aﬂ@a&ﬂez OFmﬁkﬁgﬁﬁ@%lrezéfﬂﬁ&%aﬂﬁ?ﬁﬁ@}éppvar%duced,
which will lead to an increased thickness of the housing 400. Moreover,

t he catuedntthemafluénvepfzan aldyacuromt fovithe hiker efneasevthedeop ¢oil 2004s near | y
equal in dinmensions to the | oop antenna 103 at the I C card 100. The

convenhitafad ih aqRetdNicERO&iAP200%s shownlid G, 6 atnprietiadheévd0ltgr 101 can
hardly be forned smaller and thinner. Although the conventional RFID
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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
formed 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



electronic device is linited in size to assure its portability. Therefore,

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

el ectromagnetic field radiated fromthe [ oop antenna 102 from adversely
affecting the electronic circuit board and the |ike disposed near the
inner wall of the housing as well as to prevent the nmetallic housing from
affecting the | oop antenna 102. Hence, a demand is nmade for a new nethod of

Pho ~ SpuERvBHELREt Ml il B AbBR bRt Fid®s0p antenna 102 1 tself from
affecting the electronic circuit board and the |like. A so, different from
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devi ce shoul d be operable with a | ess power consunption. Therefore, the
dri ve etestromid dévice i Enditedpinasitectonassik2ite pomatilibe shiedrefore, andweHus t he | oop
antenna 102 has to be formed to have a new, high efficiency construction
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transm ssion and reception of the reader/witer 101 canpnot al ways be at
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peculiar to the small portable-type electronic device, such as a
requi marama 0P fram ddveeskipadiectng thanelettrenicrartsmt ssard ahd ¢he ke dispossd t i on
to attain an easier operability of
near the inner wall of the housing as well as to prevent the metallic housing from
affecting the loop antenna 102. Hence, a demand is made 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, different from the stationary electronic devices, 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 location of any other functional part such as a keyboard or

the like, a desired position of transmission and reception of the reader/writer 101

cannot always be at the center of the loop antenna 102, which will not meet a demand



the electronic device itself. Note here that besides the above worki ng-out
,of the spatial disposition, there have been proposed techni ques of
preventing the nmetallic housing fromaffecting the |oop antenna 102,

i ncluding, as typical ones, an IC tap antenna made of a pl at e-shaped
magnetic material to suppress the inthqgnce of a netallic nmenber (as in the
Japanese Published Unexam ned Patent "Application No. 2001-331772) and a
card | oader antenna nade of a magnetic nmaterial to suppress the influence
of a netallic nenber by deflecting the magnetic field in the antenna (as

in the [ : ' : i i -123799).
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consunption and | ocation of installation of the |oop antenna. D sclosure
of t hetherelesttoron davmentsiclfgl y, the present invention has an object to
overconme the above-nentioned drawbacks of the related art by providing an
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t he antenna apparatus. The present invention has another object to provide
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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 cannot implement any
compact and thin loop antenna optimum for a reader/writer in a small portable-type

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

installation of the loop antenna.

Disclosure of the Invention

Accordingly, the present invention has an object to overcome the
above-mentioned drawbacks of the related art by providing an improved and novel
antenna apparatus and a communication apparatus using the antenna apparatus.

The present invention has another object to provide an antenna apparatus capable



The present invention has still another object to provide an antenna
.apparatus for a reader/witer, formed to be smaller and have a higher
performance by reducing the influence of the material of a housing for the
ant enna apparatus, and a conmuni cati on apparatus using the antenna
apparatus. The above object can be agégined by providing an antenna
apparatus connected to a communi cati on apparatus that nmakes data

comuni cation with a contactless IC card by el ectromagnetic inductive
coupling, the apparatus including according to the present invention: a

| oop i . t G | L 0., , c menber
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according to the present invention, the nmagnetic '
apparatus using the antenna apparatus.

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

a loop coil for the electromagnetic inductive coupling; and

a magnetic member disposed to face the main side of the loop coil, opposite to
the main side facing the IC card, and having the specific permeability p’ and product
Ms-t of saturation magnetization Ms and thickness t thereof set on the basis of a range
set for communications with the contactless IC card to be possible.

In the above antenna apparatus according to the present invention, the specific
permeability p” of the magnetic member is 30 or more and the product Ms-t of
saturation magnetization Ms and thickness t is 6 emu/cm’ or more.

Also, the magnetic member has a coercive force Hc of 100 e or less.

The magnetic member is formed from a soft magnetic material. The soft



menber has a portion w der than the outernost width of the w nding section
,of the |loop coil and a portion narrower than the innernost width of the
wi ndi ng section, the wde portion of the magnetic nmenber being disposed to

face the main side of the loop <coil, opposite to the nain side facing the
IC card with the narrow portion beingg_penetrated through the center of the
| oop coil, while the narrow portion iS5 disposed to face a nain-side
portion of the loop coil, facing the I1C card and where the w ndi ng

interval of the loop coil is narrow. In the above antenna apparat us
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| oop coil, opposite to the main side facing the IC card with the narrow

porti GReMBENHaPg PofticH fiddrihon éie bierees WidtRbf thewisdiBg sedfidn ofMhe e the
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different in interval fromeach other in the direction in

penetrated through the center of the loop coil, while the narrow portion is disposed to

face a main-side portion of the loop coil, facing the IC card and where the winding

interval of the loop coil is narrow.

In the above antenna apparatus according to the present invention, the magnetic

member has a portion wider than the outermost width of the winding section of the

loop coil, a portion formed between a pair of cuts made at one end and narrower than

the innermost width of the winding section, and a pair of edge pieces formed across

the narrow portion between the pair of cuts, the wide portion of the magnetic member

being disposed to face the main side of the loop coil, opposite to the main side facing

the IC card with the narrow portion being penetrated through the center of the loop

coil, while the narrow portion 1s disposed to face a main-side portion of the loop coil,

facing the IC card, and the pair of edge pieces being disposed to face the main side of

the loop coil, opposite to the main side facing the IC card.

In the above antenna apparatus according to the present invention, the loop coil is



which the I1C card is scanned. Further, this loop coil should desirably be
.smaller than the loop coil at the IC card, to which it is to be

i nductively coupled. Also, the above object can be attained by providing a
comuni cati on apparatus that makes data comruni cations with a contactl ess
| C card by el ectromagnetic inductiveoupling, the comunication apparatus
I ncl udi ng according to the present invention: a loop coil for the

el ectromagnetic i nductive coupling; a magnetic nenber di sposed near a

metal lic nmenber facing the main side of the I|oop coil, opposite to the
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for denodul ating data received by the loop coil fromthe contactless IC
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that makes data communications with a contactless IC card by electromagnetic
inductive coupling, the communication apparatus including according to the present
invention:

a loop coil for the electromagnetic inductive coupling;

a magnetic member disposed near a metallic member facing the main side of the
loop coil, opposite to the main side facing the IC card, and having the specific
permeability §” and product Ms-t of saturation magnetization Ms and thickness t
thereof set on the basis of a range set for communications with the contactless IC card
to be possible;

a modulating means for modulating data for transmission to the contactless IC
card with a predetermined carrier frequency and supplying the modulated data to the
loop coil; and

a demodulating means for demodulating data received by the loop coil from the

contactless IC card.

In the above communication apparatus according to the present invention, the



of the | oop coil, opposite to the main side facing the I1C card with the

_harrow portion being penetrated through the center of the loop coil, while
the narrow portion is disposed to face a main-side portion of the | oop
coil, facing the IC card and where the wnding interval of the | oop coil

is narrow. In the above communication apparatus according to the present

I nvention, the magnetic nenber has Eil ortion w der than the outernost

wi dth of the winding section of the |loop coil, a portion forned between a
pair of cuts made at one end and narrower than the innernost width of the
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bei ng di sposed tQ face the nmain side of the |loop coil, opposite to the nain
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the center of the loop coil, while the narrow portion is disposed to face
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edge pieces being disposed to face the nmin side of the |oop coil,
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housi ng of "t he ant erna apparatus used In-the above conmunication apparatus
di sposed, is
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nor e dHpRYEAttorfpemR mpEnrdde aoﬁmy Qfcihgilper codstaeing thed Cotard gadpeleretbele  for
carrying out the present invention when taken in conjunction with the
acconpainding imteswal o she loop coil is narrow.
In the above communication apparatus according to the present invention, the
magnetic member has a portion wider than the outermost width of the winding section
of the loop coil, a portion formed between a pair of cuts made at one end and narrower
than the innermost width of the winding section, and a pair of edge pieces formed
across the narrow portion between the pair of cuts, the wide portion of the magnetic
member being disposed to face the main side of the loop coil, opposite to the main
side facing the IC card with the narrow portion being penetrated through the center of
the loop coil, while the narrow portion is disposed to face a main-side portion of the
loop coil, facing the IC card, and the pair of edge pieces being disposed to face the
main side of the loop coil, opposite to the main side facing the IC card.
One side of a surface of a housing of the antenna apparatus used in the above
communication apparatus according to the present invention, on which the loop coil is

disposed, is formed shorter than the long side of the IC card.

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



Brief Description of the Drawings FIG | is a perspective view of the
conventional RFID system FIG 2 is a plan view of the conventional RR'W
"(reader/witer) loop antenna. FIG 3 shows the distribution of a magnetic
field devel oped around the conventional R'WI|oop antenna. FIG 4 shows a
characteristic curve of a performnce,of conmunications between the
conventional R'WIoop antenna and IC’!: rd. FIG 5 shows the distribution of
a magnetic field devel oped around the conventional R WI oop antenna

di sposed in the netallic housing. FIG 6 is a side elevation of the
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FIG 8 is a plan view of a_plane asymetric |oop antenna. FIG 9
schenmafarearmyng pruderpresant anvengionst hew Fendn SORIWNGHPB Wigh the nagnetic fiel d
devel oped around the plane asymetric |oop antenna. FIG 10 is a plan view
of a cadwotngsyimetrdwingeop antenna. FIG 11 is a plane view of a magnetic
sheet of the cubic asymmetric loop -13 - antenna. FIG 12 schematically
illustrates the Z-directional distribution of a nagnetic field devel oped
around the cubic asymmetric loop antenna. FIG 13 is a plan view of a

vari anhri%}ﬂeggriﬁﬁlgﬁ or e’ ra\;vfnigg l oop antenna.

FIG. 1 is a perspective view of the conventional RFID system.

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

FIG. 3 shows the distribution of a magnetic field developed around the
conventional R/W loop antenna.

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

FIG. 5 shows the distribution of a magnetic field developed around the
conventional R/W loop antenna disposed in the metallic housing.

FIG. 6 is a side elevation of the conventional R/W loop antenna disposed in the
resin-made housing.

FIG. 7 is a circuit diagram of an RFID system according to the present invention.

FIG. 8 is a plan view of a plane asymmetric loop antenna.

FIG. 9 schematically illustrates a Z-directional distribution of a magnetic field
developed around the plane asymmetric loop antenna.

FIG. 10 is a plan view of a cubic asymmetric loop antenna.

FIG. 11 is a plane view of a magnetic sheet of the cubic asymmetric loop



FIG 14 is a plan view of the magnetic sheet included in the cubic
asymmetric |oop antenna shown in FIG 13. FIG 15 schematically
“illustrates a Z-directional distribution of a magnetic field devel oped
around the cubic asymmetric |oop antenna shown in FIG 13. FIG 16

schematically illustrates an X-di recgif_nal di stribution of a magnetic field
devel oped around the cubic asymretric™1oop antenna shown in FIG 13. FIG
17 schematically illustrates an X-directional distribution of a nagnetic

field developed around the cubic asymretric | oop antenna shown in FIG 13.
FIG 1 Hﬁ) a characteristic curve showi ng the relation between the
specific "perneability of the magnetic sheet and range of comruni cati ons.

FIG 19 sh teristi i ng the relation bet
or oduct R 0 Schgnipcsel s NHEHER 1540 RGBS INCRRSLS Toghe e ance

of communi cation. FIG 20 shows an induced current characteristic curve
showi ndevdiepqbarfoanddhe eubit asymmetiicdoopastenaaween the |1 C card and each of
the plane symmetric | oop antenna, plane asymetric |oop antenna and cubic

asymet r i cRRQO A SRNieR T EirtRP e thd fulfic a5 pointetABdGopamehng. FI G 21
shows an induced current characteristic curve show ng the performance of
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each djsposed in_a netallic housing. FIG 22 shows an induced current
char ackoop; apternacshoyan ¥hBYFnkd-t he performance of communi cations between the
| C card and each of the plane symmetric | oop antenna, .

FIG. 15 schematically illustrates a Z-directional distribution of a magnetic field

developed around the cubic asymmetric loop antenna shown in FIG. 13.

FIG. 16 schematically illustrates an X-directional distribution of a magnetic field
developed around the cubic asymmetric loop antenna shown in FIG. 13.

FIG. 17 schematically illustrates an X-directional distribution of a magnetic field
developed around the cubic asymmetric loop antenna shown in FIG. 13.

FIG. 18 shows a characteristic curve showing the relation between the specific
permeability of the magnetic sheet and range of communications.

FIG. 19 shows a characteristic curve showing the relation between the product
Ms-t of saturation magnetization Ms and thickness t and distance of communication.

FIG. 20 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 anténna, each disposed in a
resin-made housing.

FIG. 21 shows an induced current characteristic curve showing the performance



pl dne asymetric |oop antenna and cubic asymetric | oop antenna, each with
no magnetic sheet disposed in conbination therewith. FIG 23 shows an
“induced current characteristic curve showing the performance of

comuni cati ons between the I C card and each of the plane symetric | oop
antenna, plane asymetric |oop ant e_nPﬁ_ and cubic asymmetric | oop antenna,
each with a nmagnetic sheet di sposed conbination therewith. FIG 24 is a
pl an view of a comunication term nal device according to the present
invention. FIG 25 is a sectional view of the cubic asymmetric | oop antenna

di spos I.n | cati 1 .nal ' ] i
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asynmetric | oop antenna di sposed in the communication termnal device.

FI G ZaBpassmmetrio el anfepns and cuhie a&wm@glcapomamace@héﬁﬁpwadnéct ure.
FIG 28 is a schematic diagramof an extrusion nolding machine. FIG 29 is
a schemmtallic Hoagingm of a coating machine. -15 FIG 30A is a plan view of
the magnetic sheet, and FIG 30B is a sectional view of the nagnetic

sheet. Fl G3b) ifvPhthdticB¥ cirehhEhdr2ORris8¢ burve! sHowiRg ithe ferbidfanteew of
the cubic asymretric loop antenna. FIG 33 Is a sectional view of a

subst % éoarlnm%%riéat%cnstb% wgéjnbﬁh% RSP ecach%?rl)he plane symmetric loop antenna,

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

FIG. 23 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. 24 is a plan view of a communication terminal device according to the
present invention.

FIG. 25 is a sectional view of the cubic asymmetric loop antenna disposed in the
communication terminal device.

FIG. 26 schematically illustrates a distribution of magnetic field developed
around the cubic asymmetric loop antenna disposed in the communication terminal
device.

FIG. 27 shows a flow of steps in the process of magnetic sheet manufacture.

FIG. 28 is a schematic diagram of an extrusion molding machine.

FIG. 29 is a schematic diagram of a coating machine.



antenna where the magnetic sheet is soft. FIG 34 is a sectional view of
.the substantial part of the cubic asymetric |oop antenna where the
magneti c sheet is hard. Best Mdde for Carrying Qut the Invention The
present invention will be described in detail concerning the antenna
apparatus and the communi cation appar@tus using the antenna apparatus as
the enbodinents thereof wwth reference to the acconpanyi ng drawi ngs. As
shown in FIG 7, the RFID system according to the present invention is
conposed of a contactless IC card 1, and a reader/witer (will be referred
to as "R W r [ d t ad, f : card
1 The 100G AU yRly of S B hER PR, OB R SEAIATI o;
exanpl ef Nanmely, it has no power source such as a battery or cell. The IC
card Pithm&?gﬁc S‘“%‘Ett angul ar to have the same size as the so-called credit
card, nanely, it is palmsized. The IC card 1 has provided on a circuit
boar d bui IHIG. Bdrieamplan visopohthesloon il hat couples with an el ectromagnetic
field to send and receive data, and an IC (integrated -16 circuit) 3 having

i nt egr at edFIG826E A A€ 0iewW0BE thectubit b pmideatic IRkeamafhous operations for
witing and reading data. The | oop antenna 2 includes a |loop coil 4 forned

from a pl g, WandbRgeAind vieMUC BRI phe LF Il GaPRmHEGYY al ong

with a capacito connected in para er ew oop a nna 2
couples with ﬁn el ect rorragns@‘tei C. fiﬁl d radiated froma |oop antenna
provi FEECIfia WHeLS W@ HRAgneL Pi1558Mexpl ai ned in detail later, converts the

FIG. 34 is a sectional view of the substantial part of the cubic asymmetric loop

antenna where the magnetic sheet is hard.

Best Mode for Carrying Out the Invention

The present invention will be described in detail concerning the antenna
apparatus and the communication apparatus using the antenna apparatus as the
embodiments thereof with reference to the accompanying drawings.

As shown in FIG. 7, the RFID system according to the present invention is
composed of a contactless IC card 1, and a reader/writer (will be referred to as “R/W”
hereunder) 50 to write and read data to and from the IC card 1.

The IC card 1 is of a battery-less type compliant with ISO 7810, for example.
Namely, it has no power source such as a battery or cell. The IC card 1 is formed
rectangular to have the same size as the so-called credit card, namely, it is palm-sized.
The IC card 1 has provided on a circuit board built therein a loop antenna 2 that

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



el ectromagnetic field into an electrical signal, and supplies the signal to
the 1C 3. The IC 3 includes a rectification circuit 6 to rectify and snooth
the electrical signal supplied fromthe |oop coil 4, a regulator 7 to
converter the electrical signal supplied fromthe rectification circuit 6
into a DC power, an HPF (high-pass ﬂhl[er) 8 to extract a high-frequency
conponent fromthe electrical signal supplied fromthe rectification
circuit 6, a denodulation circuit 9 to denodul ate the high frequency
conponent supplied fromthe HPF 8, a sequencer 10 to control data wite and
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a nodul ation circyit 12 to nodulate data to be sent by the | oop antenna 4.
The reeiting @adireadiagdatat 6 is conposed of a diode 13, resistor 14 and a
capacitor 15. O these parts, the diode 13 is connected at the anode

t her eof t dterleopmdtamachmeludes a loeploodlp? fwieddframch plpacvindmgolmd at t he
cathode to one end of the resistor 14 and capacitor 15, the resistor 14

and CaRRAALERE, ARl R BisGORESEAREIRbLITAIEnO Wil a BASHRitbR S @Bhetted ihgbﬁraﬂlefl'er ends

of the loop coil 4 and capacitor 5. The rectification circuit 6 outputs -17
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14 and capacitor 15. The reqgqulator 7 stabilizes the electrical signal
supp! iedectfomagndir fieldtinfd ameleotrical sigmial, addisypplieetherdigng tottke $CJnal from
being varied in voltage due to sone data conponent, and
The IC 3 includes a rectification circuit 6 to rectify and smooth the electrical
signal supplied from the loop coil 4, a regulator 7 to converter the electrical signal
supplied from the rectification circuit 6 into a DC power, an HPF (high-pass filter) 8 to
extract a high-frequency component from the electrical signal supplied from the
rectification circuit 6, a demodulation circuit 9 to demodulate the high-frequency
component supplied from the HPF 8, a sequencer 10 to control data write and read
correspondingly to data supplied from the demodulation circuit 9, a memory 11 to
store the data supplied from the demodulation circuit 9, and a modulation 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



supplies the signal as a DC power to the sequencer 10. Thus, it is possible
_to suppress a voltage variation caused by a novenent of the IC card 1, a
voltage variation caused by a change of the power consunption inside the
IC card 1, etc. If not suppressed, such voltage variations will lead to a
mal function or the-like of the sequencer 10. The HPF 8 is conposed of a
capacitor 16 and resistor 17. It extracts the high frequency conponent
fromthe electrical signal supplied fromthe aforenmentioned rectification
circuit 6, and supplies the signal to the denodulation circuit 9. The

denod L on. Chreul [ . f c Ltgr 16 of
the Rl STl bl FRARE o YRGB ENE 1R clBcrFRRP b
requency_signal _supplied framthe HPF_ 8, ut puts the denodul at ed

si gnalsuppliet&roga threlaoprcotd tor @85%%Féﬁmqg'ﬂ%ngor porates a ROM (read-only
menory) and RAM (randomaccess nenory), and is connected to the

af or enent iThread gdkoad? iacénmmected toche cathodglod the dicslecks inlthe sforesrensionicdnal
(command) supplied fromthe -18- denodulation circuit 9 into the RAM

anal y ?@&iﬁ@ﬁi&?&?&ﬂ%%ﬁ%&i &l f%adhRITIBE ABistbel 4 ahf capacifMS5. arThd eads
data fromthe nenory 11 as necessary on the basis of the result of
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supplies the signal as a DC power to the sequencer 10. Thus, it is possible to
suppress a voltage variation caused by a movement of the IC card 1, a voltage
variation caused by a change of the power consumption inside the IC card 1, etc. If
not suppressed, such voltage variations will lead to a malfunction or the like of the
sequencer 10.

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

The demodulation circuit 9 is connected to 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



erasabl e programmabl e read-only nenory) needi ng no power for hol ding data,
.and connected to the aforenentioned sequencer 10. The nmenory | | stores
data supplied fromthe denodul ation circuit 9 according to the result of
anal ysis fromthe sequencer 10. The nodulation circuit 12 is forned froma
series circuit conposed of an inpedapce 18 and an EFT (field effect
transistor) 19. The inpedance 18 is tconnected at one end thereof to the
cat hode of the diode 13 in the aforenentioned rectification circuit 6, and
at the other end to the drain of the FET 19. The FET 19 is connected at

the so h ' i, he gate
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the loop..coil _4 inclyded in the aforenmentiqned resonant cjrgcuit d

cont r oraldingheROMg apd readselata og thengBos) dil ASi 5ECERED PR e Dags of ﬂ?egnal
supplied fromthe sequencer 10 in order to change the | oad of the

i npedareselt b8 analyistseor wripesodsitd supplidafroisthetdeenovhdatian ciweuit Qiintouthe 12 adopt s
t he so-call ed additional nodul ati on nethod. The RFW50 includes a control

Ci r cui fyedbriyq 160NN eqddhéer! 1O BereRBE a3BEhITRE &l BsideP@ithat i on
circuit e52 r?o nmodul ateéﬂt he rdatg and tﬁe ower fgg&‘qig%sg%afli gn of the IC card

1, ad | .at | ChT.cuW ' a,.pand a | oop

ant enn‘g@j%ﬁaspggggﬁpqn?sm%ﬁﬁg glﬁéjglgggﬂoghgééiﬁéﬁﬁlgﬁgaﬁgzsend and receive
data. In the RRW50, the control, circuit 51 gener vari ety of control
signals atkomemyyild ism rem-ypkdile megmonysuch ﬁsmaﬁﬁﬁpg‘éﬁgf%ﬁya#ﬁ her ei n,
for exanple, in order to control the nodulation circuit 52 and
denodurasalle pcogranirnalid, readrony senyeyenetding no power for holding data, and

connected to the aforementioned sequencer 10. The memory 11 stores data supplied
from the demodulation circuit 9 according to the result of analysis from the sequencer
10.

The modulation circuit 12 is formed from a series circuit composed of an
impedance 18 and an EFT (field effect transistor) 19. The impedance 18 is
connected at one end thereof to the cathode of the diode 13 in the aforementioned
rectification circuit 6, and at the other end to the drain of the FET 19. The FET 19 is
connected at the source thereof connected to the ground potential point, and at the gate
to the sequencer 10. The modulation circuit 12 1s 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,



send data corresponding to an instruction and supplies the data to the
nodul ation <circuit 52. Also, the control circuit 51 generates a reproduce
"signal according to response data fromthe denodul ation circuit 53, and
outputs the data to outside. In the nodulation circuit 52, a transmtter
modul ates the send data supplied from, the control circuit 51, and supplies
the nodul ated signal to the | oop antenna 54. The denodul ation circuit 53
denodul at es t he nodul ated wave supplied fromthe |oop antenna 54, and
supplies the denodul ated data to the control circuit 51. The | oop antenna
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supplied fromthe nodul ation circuit 52, and det eg{hs a variati f the
| oad tle ardramodptior gircuyf Sdttordeaneculatgrgceived data, and @ 1pep Aptedaadnat he | oop
antenna 54 has a resonance capacitor connected in parallel or in series
t her etcougbssewith pg dearomagmeticefield tdsexnd agd restihedatadopt ed in the RRW50 as
the case may be. In the RFID system constructed as above, when the IC card

11s givenngpe 'e E?\‘;V&tggc%‘lttfo‘l"’cirﬁﬁiittSﬁ%%n@rd?é_@Q%ﬁéﬂ}? Mrﬁﬁﬂéi%da'l‘# control

circuit 51 int -20 generates a wite cormand signal on the basis
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nodul ation circuit 52. The mpdul ation circuit 52 nodul ates the anplitude
of osdplcoatiobthemedalation giralbas ARd demodulationirert 33.¢ws alsq genaales| i es t he
nodul ated signal to the |loop antenna 54. The | oop antenna 54 wll thus
r adi a]tsendrdataat@trbspmmlmm an wetrection mad poppliegthealathto theppbdedtiondul at ed
T c-ircuit 52. Also, the control circuit 51 generates a reproduce signal according to

response data from the demodulation circuit 53, and outputs the data to outside.

In the modulation circuit 52, a transmitter modulates the send data supplied from
the control circuit 51, and supplies the modulated signal to the loop antenna 54.

The demodulation circuit 53 demodulates the modulated wave supplied from the
loop antenna 54, and supplies the demodulated data to the control circuit 51.

The loop antenna 54 also includes a loop coil formed from a plane winding of a
conductor. It radiates an electromagnetic field corresponding to a modulated wave
supplied from the modulation circuit 52, and detects a variation of the load to the loop
coil 4 at the IC card 1. It should be noted that the loop antenna 54 has a resonance
capacitor connected in parallel or in series thereto depending upon an antenna driving
method adopted in the R/W 50 as the case may be.

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

instruction for writing a predetermined data, the control circuit 51 in the R/W 50 -
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Not e here that the resonant frequency of the resonant circuit conposed of
the loop coil 4 and capacitor 5 included in the ICcard | is set to 13.56
MHz, for exanple, as a value corresponding to the oscillation frequency
that is a carrier frequency from the RRW50. The oscillation circuit
receives the radi ated electronagnetlg%fleld by oscillation, converts it
into an electrical signal, and then pplies the electrical signhal to the
IC 3. The electrical signal resulted fron1the el ectromagnetic field is
supplied to the rectification circuit 6, rectified and snoot hed by the
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el ectrical_ signal supplied fromthe rectification circuit 6, a plies
the el S@adrdawmg@sgmﬂl%wathw%mw and that sdglenvete ‘@aa@%ﬁumﬂ@s heé

electrical signal is stabilized. The signal rectified and snoothed by the
recti fdatate the modolationGiicaitsitopl Teentoauldteon ¢85 neodiiatestinkibmplitrde
circuit 12 where a high-frequency conponent will be extracted fromthe
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circuit e ation circuit denD ul'dtes the supplied - 21
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circuit 9 as a command into the RAM analyzes the signal according to the
pr ogr BEHEOMAZRERWARDLPIIESRONGHRS tceﬁlevﬁwppbeéa@%dl%&tﬁéwwlf romthe
denodul ation circuit 9 into the nenory. |11 on the basis of the result of
anal ysi s. Nutetheee didighe hasodant frequeese ytdfahs repoahnscippiit eacinposad ohthe
denodul ation circuit 9 is

loop coil 4 and capacitor 5 included in the IC card 1 is set to 13.56 MHz, for example,

as a value corresponding to the oscillation frequency that is a carrier frequency from

the R/W 50. The oscillation circuit receives the radiated electromagnetic field by

oscillation, converts it into an electrical signal, and then supplies the electrical signal

to the IC 3. The electrical signal resulted from the electromagnetic field is supplied

to the rectification circuit 6, rectified and smoothed by the rectification circuit 6 and

then supplied to the regulator 7. The regulator 7 suppresses the voltage variation

(data component) of the electrical signal supplied from the rectification circuit 6, and

supplies the electrical signal as a DC power to the 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



a conmmand corresponding to the read instruction, the sequencer 10 will read
data corresponding to the read instruction fromthe nenory 11. The
"sequencer 10 switches the FET 19 in the nodulation circuit 12
correspondingly to the read data. That is, in the nodulation circuit 12,
when the FET 19 is turned on, the loop coil 4 is connected in parallel to
t he i npedance 18. \Wen the FET 19 is rned off, the parallel connection
bet ween the inpedance 18 and | oop coil 4 is broken. As a result, the

| npedance of the | oop antenna 54 at the RFW50, nagnetically connected to
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correspondingly to the |npedance variation, and the R WSO is thus gnabl ed
to redcenvenesid () waresdhe siggnhsupnlicd fromrtngdespquiatiptginciiny 88 asprRan

denodul ation circuit 53. As above, conmunications are nmade between the IC
card linemtheRRAMQOanayctstthe sigRal&ddrdang tolthe program eldrinabe BN, fodor from
the ICcard | in a non-contact manner or by radio. Note here that the
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apparatus constructed according to the present invention as shown in FIG
8. The ant%rﬁna alﬁﬁaj[:at ys is generally indicated with a reference 60. As
shown T4F'G g SSHRBT ARt ENRa apparatus 60 includes a |loop coil 61 for

i nductive coupling of an electromagnetic field, and a nagneti¢ sheet 62

di sposed t@n theether Randeincase the Benalhwipplisg eyn thedemggplstiopercyItthis nai n
side facing the 1C card 1. The loop coil 61 is forned by etching or other
pr ocesscmgnumdagoredspondimgandhe réadeinstruction, the sequencer 10 will read data

corresponding to the read instruction from the memory 11. The sequencer 10

switches the FET 19 in the modulation circuit 12 correspondingly to the read data.

That is, in the modulation circuit 12, when the FET 19 is turned on, the loop coil 4 is

connected in parallel to the impedance 18. When the FET 19 is turned off, the

parallel connection between the impedance 18 and loop coil 4 is broken. As a result,

the impedance of the loop antenna 54 at the R/W 50, magnetically connected to the

loop antenna 2 at the IC card 1, varies correspondingly to the read data. Therefore,

the terminal potential of the loop antenna 54 will vary correspondingly to the

impedance variation, and the R/W 50 is thus enabled to receive the read data since the

variation is demodulated by the demodulation circuit 53.

As above, communications are made between the IC card 1 and R/W 50, and the
R/W 50 can thus write or read data to or from the IC card 1 in a non-contact manner or

by radio.

Note here that the aforementioned loop antenna 54 at the R/W 50 may be an



metal foil of el ectrolytic copper or the like formed on both sides of an
insulation film or substrate 64 nade of a flexible film of polyimde or
"mca. It should be noted that the nethod of forming the loop coil 61 is
not limted to the above one but the loop coil 61 may be formed by
printing an el ectroconductive paste syich as a silver paste on the filmor
substrate 64 to forma conductor patt'érn that provides the |oop coil 61 or
by sputtering a metal target to form on the substrate 64, a conductor
pattern that provides the loop coil 61. Also, in the |loop coil 61, the
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wi dth from each other in one direc¢tion. That s, the loop coil 61 includes
an upﬁ@i‘e HiEBNH gPRAIISH gGﬂed'aﬂé{rlﬁ ateﬁ WHH@F@ re%‘%?dg%

idth in one direction,
that is, a vertical direction indicated with an arrow Zin FIG 8, and a

| oner wi ndinshosen in FBG68 the smtdnnarappardtng 60 adludesda Whajt ¢oil Alfbat directi on
Z. On the other hand, the magnetic sheet 62 is formed to have a rectangul ar

shape jnliaeegRs céﬂﬁfhgt &arl GleBtr&Mabnbic Field; anara miendta! §ifdet 6QRRIsed Yo Wi t hi n
the main side thereof. -23 Thi s antenna apparatus 60 has the nagnetic sheet
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coil 61, larger in interval and width as showmn in FIG 9. That s,
di f f ermatal foibof eleetrolgetoppef velthie Hke foined owhotiesidgs of amtnsulatiansfibhown i n
e 3(31‘ substrate 64 made of a flexible film of polyimide or mica. It should be noted that

the method of forming the loop coil 61 is not limited to the above one but the loop coil

61 may be formed by printing an electroconductive paste such as a silver paste on the

film or substrate 64 to form a conductor pattern that provides the loop coil 61 or by

sputtering a metal target to form, on the substrate 64, a conductor pattern that provides

the loop coil 61.

Also, in the loop coil 61, the winding sections thereof opposite to each other

across the center of the loop coil 61 are disposed asymmetrically to be different in

interval and width from each other in one direction. That is, the loop coil 61 includes

an upper winding section 61a larger in interval and width 'in one direction, that is, a

vertical direction indicated with an arrow Z in FIG. 8, and a lower winding section 61b

smaller in interval and width in that direction Z.

On the other hand, the magnetic sheet 62 is formed to have a rectangular shape

Jarger than the loop coil 61 to cover the latter completely within the main side thereof.



thé distribution of magnetic field around the antenna apparatus 60 is
asymmetric. In the antenna apparatus 60 according to the present invention,
“since the loop coil 61 is formed asymetric and the distribution of a
magnetic field radiated fromthe 1loop coil 61 is controlled, it is

possi ble to provide a w der range otﬁﬁqnnunications between the IC card 1
and RRW50 and al so shift the position of conmunication in one direction.
Al so, since the loop coil 61 can be forned smaller than the | oop coil 4 at
the IC card 1, the antenna apparatus 60 can be forned further smaller. The

ant enng . C | ' | : netic
heot 3¢ ANEsBa iR REEChE B hRehlf Bep 61 AT B gt SASTRNE! O
the main side_ facing the IC car , .and thus n enhance only the nagnetic
fiel dlapﬁtcplltﬁ}bpﬁﬁoﬁﬂg?ﬁoﬁge fﬂ%}ﬂrﬁl%%ﬁélwgﬁrﬁfj%ag-coil 61, facing the IC
card 1. Therefore, since the magnetic field intensity is increased, the

ant enna afpahiataase,6he distobdiion of @ migneicdiald areundethei antenneaapparavs 88 a
further increased range of comunications between the IC card 1 and R'W

50. Thg qHeQlifi¥ildhiiatRdtedORRh ARG RO B4n FICY Rdeenidndetat BN pfernmindies an
antenna -24 apparatus constructed according to the present T nvention as

shown seRibh 12 AR i A ETIE-GRTRTALHS Agasag & biou s grocd v |
Cheet inodifsresdrnahs TEgREe (I ASRDYGRR PERg SPERBE TN IS, Cont er
of the loop coil 71 and | apped on each other.
the distribution of magnetic field around the antenna apparatus 60 is asymmetric.
In the antenna apparatus 60 according to the present invention, since the loop coil
61 is formed asymmetric and the distribution of a magnetic field radiated from the
loop coil 61 is controlled, it is possible to provide a wider range of communications
between the IC card 1 and R/W 50 and also shift the position of communication in one
direction. Also, since the loop coil 61 can be formed smaller than the loop coil 4 at
the IC card 1, the antenna apparatus 60 can be formed further smaller.
The antenna apparatus 60 according to the present invention has the magnetic
sheet 62 disposed to face the main side of the loop coil 61, opposite to the main side
facing the IC card 1, and thus can enhance only the magnetic field distribution on the
main side of the loop coil 61, facing the IC card 1. Therefore, sincé the magnetic
field intensity is increased, the antenna apparatus 60 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



The loop coil 71 is formed by etching or other processing of a conductive
.,metal foil of electrolytic copper or the like formed on both sides of an
insulation filmor substrate 73 nade of a flexible filmof polyimde or
mca. It should be noted that the nethod of formng the loop coil 71 is
not limted to the above one but the_ippp coil 71 may be forned by
printing an el ectroconductive paste such as a silver paste on the filmor
substrate 73 to forma conductor pattern that provides the |loop coil 71 or
by sputtering a netal target to form on the substrate 73, a conduct or

patt er%)})tsagﬁ’cps RhAMH %S a#&ﬁdf | tt@@{p&es@lt Hﬁ'gflﬁgniag shBSniRHGE0l e the

w ndin ctions ereof opp 0 eac r "across the center of the

| oop coil 71 are di sposed asy trically tp be different in interval and

wi dt h FHERRAASRIBUEdY 27RETalE 1 lpé@ﬂi%lﬂ?gfﬁ&en@fj’ ‘he 1 oop coil 71 includes
an upper winding section 71 a larger in interval and width in one

di recti on,As blzawi gy F&G. V@ the caterharappiiasns Vo dicladesia Waphcah7hdfoow Z in FI G
10, and a |l ower wi nding section 71b smaller in interval and width in that

di r ectin@icdve Absling bfar @Iéptr@ﬁi:ﬂ%néﬁc IR, _ah@fani‘?lﬁ%hétié fieeet FRBFMED SRR a
t hrough- hol e 74 't hrough which the magnetic sheet 72 is -25 penetrated. On
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wi ndi ng section of the loop coil 71, and a portion 72b extended downward
from t%e%fgl?tg'ﬁ?-center of the wide portion 72a and narrower than the

I nnernost width of the wi nding section of the loop coil 71 as shown in
FI GS. 10 alhe lobp adalnel is formedrguetehing arrather macessing of a conductive metal

foil of electrolytic copper or the like formed on both sides of an insulation film or
substrate 73 made of a flexible film of polyimide or mica. It should be noted that the
method of forming the loop coil 71 is not limited to the above one but the loop coil 71
may be formed by printing an electroconductive paste such as a silver paste on the
film or substrate 73 to form a conductor pattern that provides the loop coil 71 or by
sputtering a metal target to form, on the substrate 73, a conductor pattern that provides
the loop coil 71.

Also, in the loop coil 71, the winding sections thereof opposite to each other
across the center of the loop coil 71 are disposed asymmetrically to be different in
interval and width from each other in one direction. That is, the loop coil 71 includes
an upper winding section 71a larger in interval and width in one direction, that is, a
vertical direction indicated with an arrow Z in FIG. 10, and a lower winding section
71b smaller in interval and width in that direction Z.  Also, the loop coil 71 has

formed in the center thereof a through-hole 74 through which the magnetic sheet 72 1s



formed generally like a letter "T". Mre specifically, the wide portion 72a
.of the magnetic sheet 72 is formed to have a rectangul ar shape | arger than
the loop coil 71 to cover the upper wi nding section 71 a of the | oop coi
71 conpletely within the main side thereof. On the other hand, the narrow
portion 72b of the magnetic sheet 72 4 fornmed to have a rectangul ar shape
sufficiently wiwde to penetrate through the through-hole 74 in the | oop
coil 71 and smaller than the loop coil 71 for the lower w nding section
71b of the loop coil 71 to be covered conpletely within the nmain side

there enéﬁ&&%ﬁe antenna apparatus 70, the magnetic sheet 72 is attached to
t he p coll 71 wth the narrom/portlon 72b thereof being penetrated

throughth thro e 74 in th 71 in adir fromthe
i 1ol de Oh B QURDBERGRE mASheshert £ inudts 4 pRions e eRdHgnaRe | ¢
card 1, toward the main side faci ng the IC card 1. Therefore, at the upper

wi ndi r@r@ém afithofloeheoil dd mndowider tharthéhesouttrmat vdidigof theawmllmg sedtimmnge,
the wde portion 72a of the magnetic sheet 72 faces, at one main side

t her eadf, theNeoprebm 715 hke a(}forﬁbﬁ 7B eRtchidel dolvneRAPbinaht Bottbeh Sater 6f de
facing the IC card 1. At the |ower -26 w nding section of the loop coil 71
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magnetic s aces,
e S i e “ﬁés"aﬁ} ML EE L Bﬁt o
nanmely, a vertical direction indicated wwth the arrow Z in FIG 10, is
asymetorined geaemblydikeeal lettert 18 . upylere specificadl v dut wide fartienof2atdfehe oop coi |
" Wherrnignetic sheet 72 is formed to have a rectangular shape larger than the loop coil 71 to

cover the upper winding section 71a of the loop coil 71 completely within the main

side thereof. On the other hand, the narrow portion 72b of the magnetic sheet 72 is

formed to have a rectangular shape sufficiently wide to penetrate through the

through-hole 74 in the loop coil 71 and smaller than the loop coil 71 for the lower

winding section 71b of the loop coil 71 to be covered completely within the main side

thereof.

In the antenna apparatus 70, the magnetic sheet 72 is attached to the loop coil 71

with the narrow portion 72b thereof being penetrated through the through-hole 74 in

the loop coil 71 in a direction from the main side of the loop coil 71, opposite to the

main side facing the IC card 1, toward the main side facing the IC card 1. Therefore,

at the upper winding section of the loop coil 71 where the winding interval is large, the

wide portion 72a of the magnetic sheet 72 faces, at one main side thereof, the main

side of the loop coil 71, opposite to the main side facing the IC card 1. At the lower



the winding interval and wwdth are large, as shown in FIG 12. In the
_antenna apparatus 70 according to the present invention, since the |oop
coil 71 is formed asymmetric and the distribution of a nagnetic field
radiated fromthe 1loop coil 71 is controlled, it is possible to provide a
w der range of communications betwee the IC card 1 and RRW50 and al so
shift the position of communication ih one direction. Also, since the |oop
coil 71 can be formed snaller in size than the loop coil 4 at the IC card
1, the antenna apparatus 70 can be fornmed further smaller. At the upper
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main side of the Ioop coil 71, facing the I C card 1. Al so, at the |ower
por t i diripar/2bigithenignatis slhﬁste??«/éﬁce&fatttheeor%@@ausndwtilereso sthg mairn e
narrow portion 72b of the magnetic sheet 72 faces the main side of the

| oop i, fadingftheilQcarthd, betlwalodpoilTHus, it is possible to enhance only
the magnetic field distribution around the upper wi nding section 71 a on

the main gihqgisf Bk ”&etdiﬁribgtl‘éﬁrd? a]ma@{etfchﬁelld%Buﬁ&tﬂe dke NS C}ﬁpatrﬁ'tﬁs 700 ndi ng

interval and w dth of the I oop coil are large. 27 Theret since the
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enhanced, it |s possible to provide a |argely w . dened range
conmurAsyarneats arkbenhsneed ﬁétheolm@flmdwenﬁlwgd ajaf thedogp %@Ml Frhere

af orenenti oned | oop antenna 54 provided at the RRW50 may be an antenna
igf)a_rrﬁgwmdhg imetvall and ecadti arg lage; heshpves enFiGni2nt i on as shown in FIG
In the antenna apparatus 70 according to the present invention, since the loop coil
71 is formed asymmetric and the distribution of a magnetic field radiated from the
loop coil 71 is controlled, it is possible to provide a wider range of communications
between the IC card 1 and R/W 50 and also shift the position of communication in one
direction. Also, since the loop coil 71 can be formed smaller in size than the loop
coil 4 at the IC card 1, the antenna apparatus 70 can be formed further smaller.
At the upper portion of the antenna apparatus 70 where the winding interval of
the loop coil 71 is large, the wide portion 72a of the magnetic sheet 72 faces the main
side of the loop coil 71, facing the IC card 1.  Also, at the lower portion where the
winding interval of the loop coil 71 is small, the narrow portion 72b of the magnetic
sheet 72 faces the main side of the loop coil 71, facing the IC card 1. Thus, it is
possible to enhance only the magnetic field distribution around the upper winding

section 71a on the main side facing the IC card 1, of the loop coil 71 where the

winding interval and width of the loop coil 71 are large.



antenna apparatus is generally indicated with a reference 80. As shown in
FIG 13, the antenna apparatus 80 includes a | oop coil 81 for inductive
“coupling of an electromagnetic field, and a magnetic sheet 82 forned from
magneti c sheet portions penetrated through the center of the loop coil 81
and | apped on each other. The Ioop_ﬁghl 81 is formed by etching or other
processi ng of an el ectroconductive foil of electrolytic copper or
the like formed on both sides of an insulation film or substrate 83 nade
of a flexible film of polyinide or mca. It should be noted that the

aop_ coi | THIEHRS Sk URHaSRlc G o Bl . PeAERsl Bofs i FUREBRREa0 o o

a silver paste on the filmor substrate 83 to forma, conductor pattern
that pIRPRraiBs /0 ehere dhe vonding inrvaandspidih of F}FF‘gIOé)PrPétﬂa'?PP@r BEeriyn t he
substrate 83, to forma conductor pattern that provides the |loop coil 81.
Al so, élﬁnanbﬁi,libistpaseiﬂle &l praviée ailargehyowsdenied aasge bEceninwopeadrinse t o each
other across the center of the loop coil 81 are di sposed asymetrically to

be di fgee%gﬁtﬁ@mggfdlghgwwsgqgo% fcd rom each other in one direction.
That is, the loop coil 81 includes n upper w nding section 8 1 a Iarger
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smaller in interval and width in that directi,on of arrow Z. AI SO, the | oop
coi | SPParalys consaisted agsprdingfodhe Preseabinveninp s ghows 18 15113 o JgHS whi ch
the magnetic sheet 82 is penetrated.

antenna apparatus is generally indicated with a reference 80.

As shown in FIG. 13, the antenna apparatus 80 includes a loop coil 81 for
inductive coupling of an electromagnetic field, and a magnetic sheet 82 formed from
magnetic sheet portions penetrated through the center of the loop coil 81 and lapped
on each other.

The loop coil 81 is formed by etching or other processing of an electroconductive
metal foil of electrolytic copper or the like formed on both sides of an insulation film
or substrate 83 made of a flexible film of polyimide or mica. It should be noted that
the method of forming the loop coil 81 is not limited to the above one but the loop coil
81 may be formed by printing an electroconductive paste such as a silver paste on the
film or substrate 83 to form a conductor pattern that provides the loop coil 81 or by
sputtering a metal target, on the substrate 83, to form a conductor pattern that provides
the loop coil 81.

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



On'the other hand, the magnetic sheet 82 is formed to have a rectangul ar
shape larger than the loop coil 81 to cover the latter conpletely within
‘the main side thereof as shown in FIGS. 13 and 14. The nagnetic sheet 82
has a pair of slits or cuts 85 forned at predeterm ned intervals and
parallel to each other. The cuts 85 extend fromthe |lower end of the
magneti c sheet 82 to the mddle of t | oop coil 81 in one direction.
Thus, the nagnetic sheet 82 includes a portion 82a w der than the
outernost width of the winding section of the [oop coil 8 1, and a portion
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wi dth of the winding section of .the logp coil 8 1, and a pair qf edge
por t i GRSIREEE WHEIng sesignadadatger h’él&fﬁ’f%ﬁpéa‘flfiﬂbw ORPYIeRtiQRe BRAtIR pai r of
cuts 85 and extended downward fromthe |ower end of the w de portion 82a.
| n t hivertited divegtiohiindicheet wiR antdreowiZdim IH63 .t 13 ané 2d oiner fadnding testiohave a
rectangul ar shape |l arger than the loop coil 81 to cover the upper w nding

sect i Cgibgsjrﬁ?]l?ér 'hhﬁh&r@ﬂparﬂqhidtﬁ}n SIRLAbY ofiabdvnZt heAlR®) the 3086 cbil@ieof . On
e andl , t

t he ot her e narrow portion 82b of the magnetic sheet 82 is forned
to haye rectangul ar -29- s suffici ent ] E rough the
i oudis torBeaR i Sl et A Gleh-hls ol Fpich PRATBTIR LGS o
the central portion of the | ower w nding section 81lb of the loop coil 81
to be &obdrcagiatdpl etely within the nain side thereof. The pair of edge
portions 82c is forned to have a rectangul ar shape to cover the |ateral
portion ofOn ke diheehand, rthe mpgnetitisheetRbisdormhe t hape e oedtaggulenaimpet el y
within the nain side thereof.

larger than the loop coil 81 to cover the latter completely within the main side thereof

as shown in FIGS. 13 and 14. The magnetic sheet 82 has a pair of slits or cuts 85

formed at predetermined intervals and parallel to each other. The cuts 85 extend

from the lower end of the magnetic sheet 82 to the middle of the loop coil 81 1n one

direction. Thus, the magnetic sheet 82 includes a portion 82a wider than the

outermost width of the winding section of the loop coil 81, and a portion 82b

positioned between the pair of cuts 85 to extend downward from the bottom center of

the wide portion 82a and narrower than the innermost width of the winding section of

the loop coil 81, and a pair of edge portions 82c positioned across the narrow portion

82b between the pair of cuts 85 and extended downward from the lower end of the

wide portion 82a. In this the magnetic sheet 82, the wide portion 82a is formed to

have a rectangular shape larger than the loop coil 81 to cover the upper winding

section 81a of the loop coil 81 completely within the main side thereof. On the other

hand, the narrow portion 82b of the magnetic sheet 82 is formed to have a rectangular



In the antenna apparatus 80 shown in FIG 13, the nmagnetic sheet 82 is
.attached to the loop coil 81 with the narrow portion 82b thereof being
penetrated through the through-hole 84 in the loop coil 81 to extend from
the main side of the loop coil 81, opposite to the main side facing the IC
card 1, toward the main side facing &zg_lc card 1. Therefore, at the upper
portion of the antenna apparatus 80 ere the winding interval of the | oop
coil 81 is large, the main side of the wide portion 82a of the nmagnetic
sheet 82 is disposed to face the main side of the |loop coil 81, opposite to

T s S A ] e

I nterva op corl IS sma narrow portion

82b of the netic,sheet 82 faces the in,side. of the |l ogp coil 81,
opposi %3 Swial e e the ‘i’%c?’i%ilrfér theccangal perion of @edowsr Wifig Betione pai r
of edge portions 82c faces the main side of the loop coil 81, facing the
| C car alﬁ.of the laeipscadb8 fo bteovtred completshy wfithin thegmeir side itkdrdofir olingl t he
antenna apparatus 80 in one direction, nanmely, a vertical direction

i ndi capgig ofictipe iy 8 i€ fofméd & hdve a&éctaﬁ%MMdﬂecto%@eﬁﬂf&qﬂfe‘?ﬂ at the
upper w nding section 81 a of the loop coil 81 where -30 the w ndi ng
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distributio%kfﬁ a magnetic field radiated fromthe loop coil 81 is
cont r offjauy sidet Wgoggssible to provide a wider range of communications
between the |C card 1 and RRW50 and al so shift the position of
communi cat Jtohei antenma apipasatus 80 showinsin, FIEY. lde thehmapoetic stoiet 831s atiactee f or med
smal ler than the loop coil 4 at the IC card 1,
to the loop coil 81 with the narrow portion 82b thereof being penetrated through the
through-hole 84 in the loop coil 81 to extend from the main side of the loop coil 81,
opposite to the main side facing the IC card 1, toward the main side facing the IC card
1. Therefore, at the upper portion of the antenna apparatus 80 where the winding
interval of the loop coil 81 is large, the main side of the wide portion 82a of the
magnetic sheet 82 is disposed to face the main side of the loop coil 81, opposite to the
main side facing the IC card 1. At the lower portion where the winding interval of
the loop coil 81 is small, the main side of the narrow portion 82b of the magnetic sheet
82 faces the main side of the loop coil 81, opposite to the main side facing the IC card
1. One main side of the pair of edge portions 82c faces the main side of the loop coil
81, facing the IC card 1.
In this case, the distribution of a magnetic field around the antenna apparatus 80

in one direction, namely, a vertical direction indicated with the arrow Z in FIG. 13, is

asymmetric and enhanced at the upper winding section 81a of the loop coil 81 where



t he antenna apparatus 80 can be forned further smaller. At the upper
.portion of the antenna apparatus 80 where the winding interval of the |oop
coil 81 is large, the wide portion 82a of the magnetic sheet 82 faces the
main side of the loop coil 81, opposite to the nmain side facing the IC
card 1. Also, at the |ower portion wﬁpre the winding interval of the |oop
coil 81 is small, the narrow portion82b of the nagnetic sheet 82 faces
the main side of the loop coil 81, facing the I1Ccard 1. Thus, it is

possi ble to enhance only the nagnetic field distribution around t he upper

1" wn ol SRR el d RS B AOUMIRITG 48, "C0i 1 B are 1 arger

Therefore, since the nmagnetic field.strength.in the upper port f the
antenna apg ¢ ApieanB GPANGHS §%éhWﬂamEé géesmattﬂ@rteowcat Blos ’fjpﬁ@e oop coi |
81 are larger is enhanced, it is p055|ble to largely wi den the range of
comurdsyatmetns: dnek theatistribatiof of eandgrctanteld/radited froomthedbapeoilMirisher, at
the lateral portion of the | ower w nding section 81lb of the |oop coil 81

int h%cﬁa@x‘cﬁ]’éﬂ%t%’@%ﬁbﬁé&ozﬂovfd@% Waldr rRhg 80 omahini @tfond HetwBer iR TTAgNet i c
sheet 82 are 231 - disposéd to face the main side of the |oop coil 81,
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c0|I 81 on the majn side of the | oop cmh 8é1 gcm | C card 1 that
t Halseagineeithe kaop epibiB L ean bedprncd melier tiandhe lopp %91 4ot o 1 car

perpend| cular to the direction of arrow Z in FIG 13. Note here that I n

t he aftheamternaappdrans 80 can bpdarmed furflerstoalteri n FI G 10, the

At the upper portion of the antenna apparatus 80 where the winding interval of
the loop coil 81 is large, the wide portion 82a of the magnetic sheet 82 faces the main
side of the loop coil 81, opposite to the main side facing the IC card 1.  Also, at the
lower portion where the winding interval of the loop coil &1 is small, the narrow
portion 82b of the magnetic sheet 82 faces the main side of the loop coil 81, facing the
IC card 1. Thus, it is possible to enhance only the magnetic field distribution around
the upper winding section 81a on the main side facing the IC card 1, of the loop coil
81 where the winding interval and width of the loop coil 81 are large.

Therefore, since the magnetic field strength in the upper portion of the antenna
apparatus 80 where the winding interval and width of the loop coil 81 are larger is
enhanced, it is possible to largely widen the range of communications between the IC
card 1 and R/W 50 in one place.

Further, at the lateral portion of the lower winding section 81b of the loop coil 81

in the antenna apparatus 80, the pair of edge portions 82c in the magnetic sheet 82 are



magnetic field distribution in the direction of arrow X will be enhanced by
the wide portion 72a of the magnetic sheet 72, larger than the coil |oop
71 as shown in FIG 16. On the other hand, in the antenna apparatus 80
shown in FIG 13, the magnetic field distribution in the direction of
arrow X will be enhanced by the w de portion 82a of the nmagnetic sheet 82,
| arger than the loop coil 81, and also by the lateral portion of the |oop
coil 81 since the pair of edge portions 82c of the magnetic sheet 82 is

di sposed to face the lateral portion of the |lower w nding section 81b of

t he Io | 1 JTh ar at us
80 shaurpeadipdice SRR Y bR Gop o S @vBhakes e i 8k ?%Ffﬁe"at t he
| at er al portlon of the Ioo% coil 81 permts to Prow de wi de ranai
comuriCearidns Blegssdls possibletoceninee Smageisd lﬁklr@lstr&iﬂgmryattt @iaterah t he
antenna apparatus 70 shown in FIG 10 in a direction perpendicular to the
one diortichiodnhe Natpecdib8 & ohithe maintside aiff the doemtoibdé dfzomm g treal GpaEr gt uses

60, 70 and 80 according to the present invention, the range of
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sel ecting,”’ e magnetic sheets 62, 72 and 82, an ective specific
per nmea |I|t wth a carrier frequencylnthe direction of
the s Ekrﬁ%wxﬂhog][q;mf heet and a product Ms-t of saturation

magnet i zat ion Ms and thickness t of 6 e more.. For, sel ect | on of the
above spedVotedigseiiatanithg alprementiongst %R:liﬁ’élﬂa m%raw 79a3hava itoRIG. 10, the
magneti zation Ms and thickness t, the relation between the effect Ive

speci fmagnetic field distribution in the direction of arrow X will be enhanced by the wide

portion 72a of the magnetic sheet 72, larger than the coil loop 71 as shown in FIG. 16.
On the other hand, in the antenna apparatus 80 shown in FIG. 13, the magnetic field
distribution in the direction of arrow X will be enhanced by the wide portion 82a of
the magnetic sheet 82, larger than the loop coil 81, and also by the lateral portion of
the loop coil 81 since the pair of edge portions 82¢ of the magnetic sheet 82 is
disposed to face the lateral portion of the lower winding section 81b of the loop coil 81,
as shown in FIG. 17.

Therefore, in the antenna apparatus 80 shown in FIG. 13, the enhancement of the
magnetic field strength at the lateral portion of the loop coil 81 permits to provide a
wider range of communications between the IC card 1 and R/W 50 more largely than
in the antenna apparatus 70 shown in FIG. 10 in a direction perpendicular to the one
direction.

Note here that in the aforementioned antenna apparatuses 60, 70 and 80

according to the present invention, the range of communications between the IC card 1



permeability p' of the magnetic sheets 62, 72 and 82 and the range of
communi cations was examned with the carrier frequency. The exam nation
“results are shown in FIG 18. As will be known fromthe characteristic
curve in FIG 18, the specific perneabi Iity p' of the magnetic sheets 62,
72 and 82 should preferably be 30 or 3{)5]_0 to provide a wi der range of
communi cati ons of the antenna apparatifses 60, 70 and 80, and nore
preferably be 50 or nore to further wi den the range of communicati ons
between the 1C card | and RRW50. Also, the relation between the product
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exam nation results are shown in FIG 19. As will be knovvn fromthe
char acféactiyeispeeific\psrmgalplity 1 9f 30my persdwih avartiebiregaenayai; tha
magneti zation M and thickness t of the magnetic sheets 62, 72 and 82

shoul dlipgotioarafhhy sindface efmbeanBgastiodieet and apeodus dMs-hof ditstatiore of
comuni cati on of the antenna apparatuses 60, 70 and 80, and nore

pr ef erg %ﬂet%ﬂoﬁ%%%ﬂ?ﬁi@kﬂéss%f% E9uf it Beford.nCT ease the range of

conmmuni cat 1 ons e nagnetlc sheets 62, 72 and 82 shoul d have a
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prepared, a conductive coil was wound five turns on the sanple, AC
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anal yzer using a carrier frequency of 13.56 MHz and that the saturation
permeability u” of the magnetic sheets 62, 72 and 82 and the range of communications

was examined with the carrier frequency. The examination results are shown in FIG.
18. As will be known from the characteristic curve in FIG. 18, the specific
permeability u’ of the magnetic sheets 62, 72 and 82 should preferably be 30 or more
to provide a wider range of communications of the antenna apparatuses 60, 70 and 80,
and more preferably be 50 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 62, 72 and 82 and the distance of communication
was examined. The examination results are shown in FIG. 19. As will be known
from the characteristic curve in FIG. 19, the product Ms-t of saturation magnetization
Ms and thickness t of tﬁe magnetic sheets 62, 72 and 82 should preferably be 6
emu/cm’ or more to increase the distance of communication of the antenna
apparatuses 60, 70 and 80, and more preferably be 10 emu/cm’ or more to further

increase the range of communications.



magneti zati on Ms was neasured using the ordinary vibration sanpl e nethod
.(VSM. The magnetic sheets 62, 72 and 82 used in the antenna apparatuses
60, 70 and 80, respectively, according to the present invention may be any
ones fornmed fromany soft nagnetic nmaterial by any arbitrary nmethod if
only they would neet the magnetic characteristics of the antenna

appar atuses 60, 70 and 80. For exanpl€, the magnetic material may be

sel ected from an anorphous alloy, Co-Cr alloy, Fe-A alloy, Sendust alloy
(Fe-Al-Si), Fe-N alloy, Fe-Co-N alloy, etc. The magnetic sheet may be any
one of a f ' f . iral $.1qf X Ng or
dispersinzhg?hpgg@QEQ%%%%ggy?%%%@?%§H¥Pﬁgﬁggﬁhé$§gﬁmgﬂé§%§?8 ﬁgpuﬁépcoating
t he rggber bi nder to a sheet fornmed fromthe powder, a soft magnetic

| ami nafes-formed by plating or sputtering the material, a bulk |amnate
formed froma sintered conpact of a ferrite powder and not containing any
bi nder, ar¥oteteert ithat. forthehmeangeimeanofithespebidtt pdrmeabilithel’ ao enmaar
apparatuses 60, 70 and 80 according to the present invention is

char acda@ipled 7 Mk NRliaRcSWAS bidfar&E RAAULITY coil wANoGREfiRE eey&ionVs. t Of

saturati on magnetization Ms and thickness t, of the nmagnetic -34 sheets 62,

by optinoaftbiec G eReliREiRapRli ARReEL AR HaRia B SRR o1 O

saturation, nagnetization Ms and_ thickness t. of the _ magnetic sheets 62, 72
and BATRAIEREE FBALPEN WSINg & GHOW Heduensy bl 336 §LHs And hahihe SRS bet vieen
the IC card 1 and RRW50. In the antenna apparatuses 60, 70 and 80
accor dinagnettization Ms esasnneasuwredusing, the iondiaaryt vibratbarpsamplesméthod 7V Vi)l 81 can
be formed smaller in size than the loop coil 4 at the IC
The magnetic sheets 62, 72 and 82 used in the antenna apparatuses 60, 70 and 80,
respectively, according to the present invention may be any ones formed from any soft
magnetic material by any arbitrary method if only they would meet the magnetic
characteristics of the antenna apparatuses 60, 70 and 80. For example, the magnetic
material may be selected from an amorphous alloy, Co-Cr alloy, Fe-Al alloy, Sendust
alloy (Fe-Al-Si), Fe-Ni alloy, Fe-Co-Ni alloy, etc.  The magnetic sheet may be any
one of a sheet formed by powdering any one of these materials, mixing or dispersing a
rubber binder into the fine powder of the material or coating the rubber binder to a
sheet formed from the powder, a soft magnetic laminate formed by plating or
sputtering the material, a bulk laminate formed from a sintered compact of a ferrite
powder and not containing any binder, and the like.
As having been described above, the antenna apparatuses 60, 70 and 80

according to the present invention is characterized in that the specific permeability p°,

and the product Ms-t of saturation magnetization Ms and thickness t, of the magnetic



card 1 by inproving the performnce of comruni cations, the entire apparatus
.can be reduced in thickness to less than 1 nmfor exanple and can thus be
formed smaller and thinner. Note that in the antenna apparatuses 60, 70
and 80 according to the present invention, the upper and | ower w nding
sections of the aforenentioned loop cgils 61, 71 and 81 may not al ways be
different in both interval and width Trom each other but nay be different
in interval alone. Al so, the loop coils 61, 71 and 81 may be forned
asymmetric in any arbitrary direction in which the distribution of radiated
magnet j fiel ' : ' e 4 0an klS: , 71
and 815!,}1(%{3 ﬁeézzggeﬁ%%ﬁb%&& ggmébﬁg?%%o\é/ggﬁ oA ﬁ%%g ?%I%ék %%p(b% Si gﬁ‘{aglog%'ch
other across the center, _of each |oop coil may be formed asymmetric to be
di f f erRAOPHMIZINEhG SPCERG RATACADHItY iy caichthrmreductMsit o safureléen on of arrow
X perpendicular to the aforenmentioned direction of arrow Z or in both

t hese miageetizatos M§ aadtbicknZssandf the Magsctid shdess PASA k82,0t copessidlet he

di stribution of radiated nagnetic field around the loop coils 61, 71 and

81 anetoz;!rﬁ,wcﬁrmci@rrhh%e ?ﬂhyﬁl&ndﬂi@atﬂﬂﬁiﬁét@eemhét@cﬁ/dw afd Row 585 read from

or wite to the IC car , Ina direction or directions in which the |oop

the presertt the ROfaRR ahBatadfoed oE a0 2l AR EOHERR 45 Y At P RS A, Pance
of conmuni cat i | ng anpng . the antenna apparatuys , 60 constructe s shown in
PG dhadeek 69 010/t pad §l caBrire fopmed smsdler W pizeghan tedppp ot t‘ﬁata@e-ig ane

asymmetric | oop antenna" hereunder), antenna apparatus 70 constructed
card 1 by improving the performance of communications, the entire apparatus can be

-
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reduced in thickness to less than 1 mm for example and can thus be formed smaller
and thinner.

Note that in the antenna apparatuses 60, 70 and 80 according to the present
invention, the upper and lower winding sections of the aforémentioned loop coils 61,
71 and 81 may not always be different in both interval and width from each other but
may be different in interval alone. Also, the loop coils 61, 71 and 81 may be formed
asymmetric in any arbitrary direction in which the distribution of radiated magnetic
field should be widened. For example, in the loop coils 61, 71 and 81, the upper and
lower winding sections thereof opposite to each other across the center of each loop
coil may be formed asymmetric to be different in interval and width from each other in
the direction of arrow X perpendicular to the aforementioned direction of arrow Z or
in both these directions of arrows Z and X.

Thus, it is possible to control the distribution of radiated magnetic field around

the loop coils 61, 71 and 81 and also arbitrarily adjust the position of the R/W 50 for



according to the present invention as shown in FIG 10 (will be referred to
as "cubic asymmetric | oop antenna"” hereunder) and the conventional antenna

“apparatus 200 constructed as shown in FIG 2 (will be referred to as
"plane symmetric |oop antenna” hereunder; with the magnetic sheet being
di sposed to face the main side of the.oop coil, opposite to the main side

facing the IC card 1), each of themwas placed in a resin housing as shown
in FIG 20 and also in a netallic housing as shown in FIG 21. The results
of conparison will be described herebelow. Note that FIGS. 20 and 21 show

char acier iest] el ys: ] 1 he: t card
ost £ 1580 57 fe STV E0 s, FOREEE LR LcipScHRM i Bionk IR RAAER o Rbe' Bl
the |l ogp.antenpas 60, 70 and 200 at R/ d in which,the origin "0" on
the  Kds/AGmidl i araﬁ%nr@a%m@r%t%%ﬂﬁ&ar\g g@a&wrémgttﬁéhmﬁe&ﬁt ennas 60,
70 and 200 at the RJWand the positive-going direction indicates a

di r ectinvention avei fohmedasyMnostrid. position is shifted outwardly fromthe
origin "0". On the other hand, the vertical axis indicates the strength of

a current mreehipaiRensh ipedlokafey sf ep@ednticdtishs eth@HeaRénnAdppahaub C card

by the magnetic field around each of the |oop antennas 60, 70 and 200 at

i coRuPitdRee AR FRES A ERCRE P SRR ARG R,

thin line Aindicates a characteristic of the plane s ric | oop,antenna
200, 40PRI KEIE 35 REMEIICHIDBATEEIIG” HEHEMATe AR SETE A0SR T G0 tric

| oop antenna 60 and a thickest line Cindicates a characteristic of the
cubi ¢ amsgriieg to thd prepentnngentzor 8s siEawh inFIGHE0 (widp bamefenredgo60,“cubicand 200
was placed in the resin housing shown
asymmetric loop antenna” hereunder) and the conventional antenna apparatus 200
constructed as shown in FIG. 2 (will be referred to as “plane symmetric loop antenna™
hereunder; with the magnetic sheet being disposed to face the main side of the loop
coil, opposite to the main side facing the IC card 1), each of them was placed in a resin
housing as shown in FIG. 20 and also in a metallic housing as shown in FIG. 21. The
results of comparison will be described herebelow.

Note that FIGS. 20 and 21 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 60, 70 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 60, 70 and 200 at the
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 60, 70 and 200 at



in FIG 20. The conventional plane symetric |oop antenna 200 had forned
thereon two comrunication areas S1' and S2' which are narrow as wll be
“seen in FIG 20. In the plane asynretric | oop antenna 60 according to the
present invention, two comruni cation areas S1 and S2 were al so forned but
t he communi cation area Sr was Iargel*smddened I n range of comuni cati ons.
The cubic asymmetric |oop antenna 70 “according to the present invention
had a communication area S fornmed only in one place near the center

t hereof and which is widest in conparison with those in the other | oop

ant enngs g e AQUIMALGALBH: B Siates Rlated A5ATR% Ao RRRkRAS, AGaUSE  he

cubi c asyrmetiic structure o 00p antenna orns only one radi at ed
magnetic. field as jn, the etic fi Ig di stributiqn showp. in FIG 12.

FI G géassﬁﬁﬂémeés -iib ‘l‘ﬂr@gr-echgiggi 0@3@% %a“ﬁ‘a ilg&l‘cﬁqs&s. In case
each of the |oop antennas 60, 70 and 200 was BI aced in the netallic

housi nchagheteristinofthe plane syhmatendeopanicona2l cathicker lingsBfindisdtasar r oner
under the influence of the netallic housing in all the |oop antennas 60,

70 andclgRfctbRstic bhate Itjl‘éhé'ﬂs Hifhek86 Pocii@tehda BA3nd laabiRtkebiliidI€ ihafjateshousi ng
shown in FIG 20. In the - pl ane asymmetric | oop antenna 60 and cubic

asymﬁ%gcgkﬂ&@c Sﬁgﬂ%i‘zgﬁﬂ@@%ﬁ%@q %teﬁxtl'f’?@r esent invention, however,

the in current was r an in the conventional plane

symmetric | oop t enna 200. , he |1 qop antennas §0 and. 70
2 cor di ng BENeEsiedaantemnes b; i and Aeb as e i Ao Adous B IONEL o
I nfl uenced by the naterial of the housing than in the conventional |oop
ant ennia BigH.200s Th¢ coweenitiomahplane symmectaisdoep anteanp 280dadsfprmmed therepoop
antenna 60 and

two communication areas S;” and S,” which are narrow as will be seen in FIG. 20. In

the plane asymmetric loop antenna 60 according to the present invention, two
communication areas S; and S, were also formed but the communication area S; was
largely widened in range of communications. The cubic asymmetric loop antenna 70
according to the present invention had 2 communication area S formed only in one
place near the center thereof and which is widest in comparison with those in the other
loop antennas. The communication area S was only formed in one place because the
cubic asymmetric structure of the loop antenna 70 forms only one radiated magnetic
field as in the magnetic field distribution shown in FIG. 12. FIG. 9 shows
asymmetric bidirectionally radiated magnetic fields.

In case each of the loop antennas 60, 70 and 200 was placed in the metallic
housing shown in FIG. 21, the range of communications was found narrower under the
influence of the metallic housing in all the loop antennas 60, 70 and 200 than that

when the loop antenna was placed in the resin housing shown in FIG. 20. In the



cubi c asymetric |oop antenna 70 according to the present invention can
have the performance of conmunication thereof inproved as the

“communi cation areas S 1 and S2 are continuously wi der outwardly fromthe
origin "0". Especially the cubic asymetric |oop antenna 70 can
conveniently be used since the connu_lfgtion area S1 can be largely

wi dened in one place, and have the i npedance thereof |owered than that in
the plane asymretric | oop antenna 60, which is advantageously dedicated to

a reduced power consunption. The above plane asymmetric | oop antenna 60

and cubi - 0 . LN,

mac er 1A ARG Sod ARefRE AR ot A Relel ok Mt Thaalie o
communi cati ons thereof w dened in conparison with th conventional plane
sy metthe Presap invantionahowevernthsinduge e%awwg&rﬁd%egéwdﬁ%m@%f
comuni cati ons anong the aforenmentioned |oop antennas 60, 70 and 200, they
wer e t@sivedtiohalplane symintesrit lodeanteagadic Newetlydinthedecp antehingedd he nain
side thereof opposite to the main side facing the IC card. The test

resul tgmawh BeddiidP@Bkireshe flvagiondiurIndhsaPeademeashting e - 38 FIG 22,
and those wth no Tmagnetic sheet being disposed so are shown in FIG 23.

the. ddBOHeBHELDS I ARtt ST BB EREEHA EkictooH RS 18R et 2Mucced to
the 1C card by each of the |oop antennas 60, 70 and 200 at tg R .Wand in
whi ch t he % vl belgovem fiope thariqvee Hicaplapg psymmgtidaleap aMenge S@Pdof each

of the | oop antennas 60, 70 and 200 at the R/ Wand the positive-going
di r ectdulric asyinomtds leopantenha 30 acoonding to theepre@ntaneention 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 70 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 60, which is advantageously dedicated to a
reduced power consumption.

The above plane asymmetric loop antenna 60 and cubic asymmetric loop antenna
70 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 60, 70 and 200, they were tested with and without the
magnetic sheet disposed to face the main side thereof opposite to the main side facing

the IC card. The test results with the magnetic sheet being so disposed are shown in



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 loop antenna at the IC card by the nagnetic field around
each of the |oop antennas 60, 70 and 200 at the R'W It should be noted
that in FIGS. 22 and 23, a thin line Aindicates a characteristic of the
pl ane symretric | oop antenna 200, a thicker line B indicates a
characteristic of the plane asymmetric |oop antenna 60 and a thickest line
Cindicates a characteristic of the cubic asynmetric | oop antenna 70. As

w | | far : . | : C | p ant enna
200 artlosp B BRGE B SalitiC e hefls GBboidSraRuAPRRIBTIC 23 e
magneti c - sheet disposed as _above can have. a stronger nmagpetjc field, and
consequentN9teatha§ﬂ(§§g%?= anchdd SBAVCEha RHETISHG EWVER ARG SRAWIREG IS i ¢
sheet is disposed as above. Thus, the disposition of the nagnetic sheet to
face tdepemdiencsddehotardipositompofiitesstreagth oppositest induced torthiedGeatd Hyaci ng
the IC card increases the magnetic field strength, and hence the strength

of a CaHche¥thENeYs aetehfiad 66, TP 200 AP RIWL 4RI ih%ﬁ@hqhe@ﬁgiﬁ hgsopithé  be

very advantageous in w dening the range of conmmunications of" the R/ Wand

29 : : Ccari  nal
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t he af orenentioned RFID syst.em i s_,appl ied. . The pr ese}%,tlﬁ 'hnﬁ(e:nti n wll be
descr i BEY #et disapasitivoBewiedifreton; isdicgianmdisestishin waichithe ce 90. The

comruni cation term nal device 90 uses the aforenentioned cubic asymetric
| oop apdsition i¥ ghiftedtduewholip from ¢émmerigih 1@ tOp tiRIWdEO 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 60, 70 and 200 at
the R/W. It should be noted that in FIGS. 22 and 23, 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 60 and a thickest line C indicates a
characteristic of the cubic asymmetric loop antenna 70.

As will be known from FIGS. 22 and 23, in all of the conventional loop antenna
200 and loop antennas 60 and 70 according to the present invention, 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 of the loop antenna,
opposite to the main side facing the IC card increases the magnetic field strength, and
hence the strength of a current induced in the loop antenna at the IC card, and thus will

be very advantageous in widening the range of communications of the R/W and



Thé communi cation ternminal device 90 according to the present invention is
.a smal |l el ectronic device the user can carry such as a so-called PDA
“(portable digital assistant), for exanple. The small electronic device has
functions such as information comruni cation, storage, inmaging, etc., for
exanple, integrated in one nodule. Ag shown, the communication term nal
device 90 includes a body block 91, I spl ay panel bl ock 92 and a hi nge
mechani sm 93 that permts the display panel 92 to be opened from and
closed to the body block 91. The body bl ock 91 has provided thereon an

I nput _block n buttons etc. for various operations of the
commr{f:@é?lpggﬁ?83%\6}‘1%?&8%@&{90 and bel ow the input block 94 the

af orenentioned cubic asynmetric |oop, antenna 70 for the RJXV 8’h The body
bl ock 91 HHE. Bdishowsresanmuaigationdeing é@vwwnef%}hémwﬁ &Ehaof the
conmponents of the conmmunication term nal device 90. The di splay panel bl ock
92 hageforended@@] dsteer examye di syiiely theafor@berfitoomedR FHdsysteni uippliedy st al

di splay (LCD) panel to display a user-made operation of the input block
94, dgfl%:%%@grhtflwéﬁﬁ&?wh@béﬂs&%&i He@%elbh@ccﬁ{ééhﬁgg tRisCcorttdificating contr ol

of th hi'nge mechanism 93 has a CCD canera 96 installed thereon.

By operatin thelpu bl ock 94, an i mge 96 -
can b %F-H‘&?Q i Wiﬁ pt@gﬁ]@bﬁ%&@%?@%&%ﬁ%ﬁfgfgﬁ? ﬁﬁﬁ%{dﬁl ty of
t he conmuni cati on term nal device 90 accordi n 1517@ 1t_l gﬁent i nvention
when iqubigagypmeticlaop antenng{has g logRantenng, 4t t &ﬁ%{u cation terninal
device 90 has a netallic housing 97 fornmed froma netal

The communication terminal device 90 according to the present invention is a

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

As shown, the communication terminal device 90 includes a body block 91,
display panel block 92 and a hinge mechanism 93 that permits the display panel 92 to
be opened from and closed to the body block 91.  The body block 91 has provided
thereon an input block 94 having operation buttons etc. for various operations of the
communication terminal device 90, and below the input block 94 the aforementioned
cubic asymmetric loop antenna 70 for the R/W 50.

The body block 91 has built therein a microcomputer (CPU) to control each of
the components of the communication terminal device 90. The display panel block
92 has provided thereon a display unit 95 formed from a liquid crystal display (LCD)

panel to display a user-made operation of the input block 94, data read from the IC



such as My alloy or the like, as shown in FIG 25. The netallic housing 97
_has formed therein a concavity 97a for |odging therein the aforenmentioned
cubic asynmmetric |oop antenna 70 and that is closed by a resin nenber 98
formed from carbonate or the |ike to protect the antenna 70. It should be
noted that the housing in consideratjon is not limted to the netallic one
97 but nmay be a non-netallic one forged froma high-rigidity plastic or
the like for exanple. Also, the loop coil 71 of the cubic asymretric | oop

antenna 70 is disposed in the aforenentioned one direction thereof in

st ar 1 oRB0 405 R T 07 7 BRREC s sHRe! bE g CPUL D pilee rad s iRRas”

communi cation termnal device, 90, that is, at the.lo i ndi ng section of
the | d@s a bl camergr® Wétquééﬁhﬁlﬁpélnn§W@P%EP&th%@%¥§Eﬁaﬁl§£WW and
width are smaller. In this case, the magnetic field distribution around the
cubi ¢ cappmegtbryithe AP caarere Abxatibe displafedordhé disphey wpp8b. wi ndi ng secti on
7la of the loop coil 71 where the wnding interval and width are |arger,

and thus tRe,shfenedffichintidReneld Sorhiintcdtidnt tBemidiP deviceiondidear&agt i on
71 a is increased, as showt in FIG 26, so that the range S of -41-

one AP afie PPaRar B SRE0n Mt L Rifhel B SRR An ST 0d ccoraing to
and ROASBUBSANGE touaahdeicn gl 16 R PORIRED oamed FoT adRFRl St ar i ng
at the side thereof opposite to the input block 94, data can appropriately
be wrisuchastMgailoyeadhé tike) ahshovd oaFHG125. The metallic housing 97 has
formed therein a concavity 97a for lodging therein the aforementioned cubic
asymmetric loop antenna 70 and that is closed by a resin member 98 formed from
carbonate or the like to protect the antenna 70. It should be noted that the housing in
consideration is not limited to the metallic one 97 but may be a non-metallic one
formed from a high-rigidity plastic or the like for example.
Also, the loop coil 71 of the cubic asymmetric loop antenna 70 is disposed in the
aforementioned one direction thereof in which the IC card 1 is scanned. Thus, the IC
card 1 will be scanned starting at the side thereof opposite to the input block 94 of the
communication terminal device 90, that is, at the lower winding section of the loop
coil 71 of the loop antenna 70 where the winding interval and width are smaller.
In this case, the magnetic field distribution around the cubic asymmetric loop
antenna 70 is enhanced in the upper winding section 71a of the loop coil 71 where the

winding interval and width are larger, and thus the strength of the magnetic field in the

upper winding section 71a is increased, as shown in FIG. 26, so that the range S of



inaependently of the limted |ocation of the cubic asymmetric | oop antenna
70. Even in case the comrunication termnal device 90 is placed in the
“metal lic housing 97, disposition of the cubic asynmetric |oop antenna 70
permts to inhibit the range of conmmuni cations between the IC card 1 and
R/'W50 from bei ng decreased. Further since the |loop antenna 70 at the ' W
50 can be forned snmaller than the &p antenna 2 at the IC card 1, the
comuni cation term nal device 90 accordlng to the present invention itself
can be formed to be smaller and consunme | ess power. Next, an exanple of the

met hod. for man fac ' ant enna
70 1 neanrTnoRt b MR A TR R AR S0, bE s VTed 4 888 P
For manufacture of the cubic asymetric loop antenna 70, first the

af or erilA€g.oned nmagnetic sheet 72 is made as in the flow chart in FIG 27.
First in step S 1, a nmagnetic paint is prepared by m xi ng a magnetic
powder , Sﬁierefaire,dndhaddtrﬁhmﬁchhﬁomtemﬁbﬂrdewé&i 90 beorddimgf torthepkésegt t he
magneti c sheet 72. It should be noted that the nmagnetic powder is an Fe

rragnetlhgeﬁ@éd@ &lgékar%'ﬁiaéd}hﬂﬁnﬁeatloﬂs HeRvES eiTgNtarfer SRNRAW 58 callbd wei ght

percents an 3 wei ght percents and any other magnetic material.

Next | n t he f e i C
pondervigrag ke p BRI E shRi §hyichpid e bELeTR et oG R o ¢ e
bi nder. In step S3, an_extrusion nplding machi ne sho n 28 i,s used
for exorthaiingpt tdo%aﬁe‘ﬂat@ Cﬁﬁlaﬁpr%lﬁtﬂ)’aber‘@ggﬂ}é@ Pr 7 E\fgﬁ betdddn a pair
of rollers 77a and 77b to

independently of the limited location of the cubic asymmetric loop antenna 70.

Even in case the communication terminal device 90 is placed in the metallic
housing 97, disposition of the cubic asymmetric loop antenna 70 permits to inhibit the
range of communications between the IC card 1 and R/W 50 from being decreased.

Further, since the loop antenna 70 at the R/W 50 can be formed smaller than the
loop antenna 2 at the IC card 1, the communication terminal device 90 according to
the present invention 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 70 installed in the communication terminal device 90 will be
described.

For manufacture of the cubic asymmetric loop antenna 70, first the
aforementioned magnetic sheet 72 is made as in the flow chart in FIG. 27.

First in step S1, a magnetic paint is prepared by mixing a magnetic powder,
solvent and additive in a rubber-resin binder for making the magnetic sheet 72. It

should be noted that the magnetic powder is an Fe magnetic material containing Fe in



forma | ong magnetic sheet 72 having a predeternined thickness. Next in
,step S4, the long magnetic sheet 72 is dried and the binder is renoved
fromthe I ong magnetic sheet 72. In step S5, an applicator shown in FIG 29
is used to apply an adhesive 79 to one the nmain sides of a portion 72a of
the strip-shaped nmagnetic sheet 72 bg4 g noved between a pair of rollers
78a and 78b. Next in step S6, the str:%-shaped magneti c sheet 72 is punched
to have a predeternm ned shape. Wth the above operations, the nagnetic
sheet 72 is fornmed as shown in FIGS. 30A and 30B. Next, the aforenentioned

ngggr i eﬁe@}%@sﬂf%%‘gfc@f‘ﬂ‘sg W%ﬁt;bg F@S %‘i}ld g@?ﬁﬁg i%r‘kgg%%egér%\lﬁg Zihé{ 8 nggssi ng a

conductive netal foil aof an electrolytic copper or the like fornmed on both
si des YhenPRaRHG MR-y ation filmor substrate 73 of polyinide, mca or
the Iike. The nethod of formng the loop coil 71 is not limted to the
above- nentNextdd steyeSBthetrhegnetit paoniis ddtdred fo reyovetheanaguktisypgrdert i ng an

el ectroconductive paste such as a silver paste on the filmor substrate 73

to forygansanasiat @anReriigder that %?f&&k&ﬁﬁné&eaiu@q’@omhé binkferor by
sputtering a netal target to for on the substrate 73, a conductor pattern
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form a long magnetic sheet 72 having a predetermined thickness.
Next in step S4, the long magnetic sheet 72 is dried and the binder is removed
from the long magnetic sheet 72.
In step S5, an applicator shown in FIG. 29 is used to apply an adhesive 79 to one
the main sides of a portion 72a of the strip-shaped magnetic sheet 72 being moved
between a pair of rollers 78a and 78b.
Next in step S6, the strip-shaped magnetic sheet 72 is punched to have a
predetermined shape.
With the above operations, the magnetic sheet 72 is formed as shown in FIGS.
30A and 30B.
Next, the aforementioned loop coil 71 is made as shown in FIG. 31.  As having
previously been described, the loop coil 71 is formed by etching or otherwise
processing a conductive metal foil of an electrolytic copper or the like formed on both

sides of a flexible insulation film or substrate 73 of polyimide, mica or the like. The

method of forming the loop coil 71 is not limited to the above-mentioned one but the



one direction with the magnetic sheet 72 being penetrated at the narrow
Jportion 72b thereof through the through-hole 74 in the |oop coil 71 as
shown in FIG 32. At this time, the side of the nmagnetic sheet 72 applied
with the adhesive 79 is disposed to face the main side of the |oop coi

71, facing the ICcard 1. At the lo _{ w ndi ng section of the loop coil 71
where the winding interval is small, :%e narrow portion 72b of the

magneti c sheet 72 is attached to the nain side of the loop coil 71, facing
the 1C card 1. Thus, at the upper w nding section of the loop coil 71

wher e . nHeld It erval; . | t f. L magneti c
sheet l%gscc\%lngfe}}%yt%cﬁ)éﬁﬁg oﬂf%réhﬁggg? 8%&%’[0 ?%ﬂ@la& g{?t a%n&aglfcgc%p% %lgﬁa Tconcavi ty
97a of the communication termnal device 90. The aforenenti gned cubi.c
asymm@arsrfe;on&@f‘pﬁbrﬁtczsﬁﬁbst?@te&éntOb’l@r@rm@t%ﬁaémg?at% £% the Joep ol ¢
asymmetric | oop antenna 70 has a structure easy to manufacture since the
magnet7osbgapuiering apeetel taagetdotformugh thehabistratugh-shaimsugwripattetre thadop

coil 71, laid on the loop coil 71 and attached with the adhesive 79 to the
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and flexible. In -44 this case, deformation of the magnetic sheet 72
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sections 7la and 7lb of the loop coil 71 wll be deforned |argely, so that
t he t homkdizscticiPwith thh enagneticrsheetotipbeiagpenbtraicdl atlee hamrge, paatosf@n i n
ne Bti;areof through the through-hole 74 in the loop coil 71 as shown in FIG. 32. At this

time, the side of the magnetic sheet 72 applied with the adhesive 79 is disposed to face

the main side of the loop coil 71, facing the IC card 1. At the lower winding section

of the loop coil 71 where the winding interval is small, the narrow portion 72b of the

magnetic sheet 72 is attached to the main side of the loop coil 71, facing the IC card 1.

Thus, at the upper winding section of the loop coil 71 where the winding interval is

large, the wide portion 72a of the magnetic sheet 72 can be attached to the

aforementioned antenna reception concavity 97a of the communication terminal

device 90.

The aforementioned cubic asymmetric loop antenna 70 can be produced as above.

Namely, the cubic asymmetric loop antenna 70 has a structure easy to manufacture

since the magnetic sheet 72 is penetrated through the through-hole 74 in the loop coil

71, 1aid on the loop coil 71 and attached with the adhesive 79 to the latter.

Also, the magnetic sheet 72 should preferably be relatively soft and flexible. In



In’t he foregoi ng, the present invention has been described in detai
.,concerning certain preferred embodi nents thereof as exanples wth
reference to the acconpanying draw ngs. However, it should be understood
by those ordinarily skilled in the art that the present invention is not
limted to the enbodi nents but can bg nodified in various manners,
constructed alternatively or enbodied 1n various other forns wthout
departing fromthe scope and spirit thereof as set forth and defined in

t he appended clains. Industrial Applicability As having been described in

the f 1.0 .4 ' l.ovention
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magneti zati on Ms and thickness t, of the nagneiitl‘ici‘ me‘rH)er di,sposed_t o face

t he meatdl logreravigding,eeqtionp /daiand 7dppdshe doemceihd 1ngg a&ﬂ&rethﬂ@@% 1€ 1 C
card, can be optimzed to enhance the distribution of a magnetic field on
t he naihe estide cufictasgmmetpicdoop anfeana 7§ cantee deGuced,ds shawnpnddidié3a inder
range of conmunications between the I1C card and -45 reader/witer (R'W.
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antenna apparatus can be formed to be smallér and have a higher
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contactl ess 1 C card by el ectromagnetic inductive coupling, the

entire loop coil 70 will be large, as shown in FIG. 34.

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

certain preferred embodiments thereof as examples with reference to the

accompanying drawings. However, it should be understood by those ordinarily

skilled in the art that the present invention is not limited to the embodiments but can

be modified in various manners, constructed alternatively or embodied in various other

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

the appended claims.

Industrial Applicability

As having been described in the foregoing, in the antenna apparatus according to
the present invention the specific permeability u’, and the product Ms-t of saturation
magnetization Ms and thickness t, of the magnetic member disposed to face the main
side of the loop coil, opposite to the main side facing the IC card, can be optimized to
enhance the distribution of a magnetic field on the main side of the loop coil, facing

the IC card, and provide a wider range of communications between the IC card and



apparatus conprising: a loop coil for the el ectromagnetic inductive
coupling; and a nmagnetic nenber disposed to face the main side of the | oop
“coil, opposite to the main side facing the IC card, and having the
specific perneability p' and product Mt of saturation nagnetization M
and thickness t thereof set on the bagsis of a range set for communications
with the contactless IC card to be possible. 2. The apparatus as set forth
inclaiml, wherein the specific perneability p' of the nagnetic nenber is
30 or nore and the product Mst of saturation nagnetization Ms and

wner eitpn e 0T reradbr By atter PG APRATRHE PP eBp el [ 27 I T

The apparatus as set forth in claim1l erejn the netjc menper, is

f or me RPDRF 45 #SE\gF the RganDe; aPPAERtRS £ be \g.{)]r t%%@ngﬁ%sarg{sﬁ%‘& ggtﬁheﬁ in
claim4, wherein the soft magnetic nmaterial is a sintered conpact of any
one ofpafmmphrmesofaddnwynnication. al | oy, Fe Al alloy, Sendust alloy, Fe-N

all oy, Fe-Co-N alloy and a ferrite alloy. 6. The apparatus as set forth in
claim11l, wherein the magnetic nmenber has a portion -47 wi der than the
outernost width of the winding section of the |oop coil and a portion
narrower than the innernost width of the w nding section, the wi de portion
of the magnetic nenber being disposed to face the main side of the |oop
coil, opposite to the main side facing the IC card with the narrow portion



bel ng penetrated through the center of the loop coil, while the narrow
Jportion is disposed to face a main-side portion of the | oop coil, facing
“the IC card and where the winding interval of the loop coil is narrow 7.
The apparatus as set forth in claim11, wherein the nmagnetic nmenber has a
portion w der than the outernost mﬁdt&sof the wi nding section of the | oop
coil, a portion forned between a paif° of cuts nade at one end and narrower
than the innernost width of the wi nding section, and a pair of edge pieces
formed across the narrow portion between the pair of cuts, the w de
portion of the magnetic menber beiggAggg osed to face the main side of the
| oop coil, opposite to the nain si ng the IC card with the narrow
portion being penetrated through the center of the loop coil, while the
narrow portion is disposed to face a main-side portion of the |oop coil,
facing the 1C card; and the pair of edge pieces being disposed to face the
mai n side Af ahtlﬂnﬂamppammd conerezbio £comniticatiinnapgpiagstub dedtngakdselatC car d.

8. The apparatus as set forth in claiml1, wherein the loop coil is forned

acr os CYRIRRTAHII o or GRACHE AR DY AR EPE IR, Stpker@ler o1 her

Interval fromeach.other. 21 -48 9. The apparatus as set forth in claimS8,
V\herel?’PHaﬁ%mﬁﬁPH’éHrfS}n%pposed wi nding sections of the |oop coil are

different in interval fromeach other in the direction in which the IC
card i s sonloepgcoil for the electromagnetic inductive coupling; and

a magnetic member disposed to face the main side of the loop coil, opposite to
the main side facing the IC card, and having the specific permeability u” and product
Ms-t of saturation magnetization Ms and thickness t thereof set on the basis of a range
set for communications with the contactless IC card to be possible.

2. The apparatus as set forth in claim 1, wherein the specific permeability u’ of the
magnetic member is 30 or more and the product Ms-t of saturation magnetization Ms
and thickness t is 6 emu/cm? or more.

3. The apparatus as set forth in claim 1, wherein the magnetic member has a
coercive force Hc of 100 e or less.

4. The apparatus as set forth in claim 1, wherein the magnetic member is formed
from a soft magnetic material.

5. The apparatus as set forth in claim 4, wherein the soft magnetic material is a
sintered compact of any one of amorphous alloy, Co-Cr alloy, Fe-Al alloy, Sendust
alloy, Fe-Ni alloy, Fe-Co-Ni alloy and a ferrite alloy.

6. The apparatus as set forth in claim 1, wherein the magnetic member has a portion



10. The apparatus as set forth in claim8, wherein the loop coil is smaller
m,than the loop coil at the ICcard, to which it is to be inductively
coupled. 11. A comrunication apparatus that nmakes data comruni cations with
a contactless [1C card by el ectronmagnetic inductive coupling, the

communi cati on apparatus conpri sing: 2 | oop coil for the el ectromagnetic

I nductive coupling; a magnetic nmenber’'di sposed near a netallic nenber
facing the main side of the 1oop coil, opposite to the nain side facing
the IC card, and having the specific perneability p' and product Mt of

saturation.agnetization ang..t hi ckmes .t . is of a
range VT pr@’&rﬂ*é?h%%t |“Ié/ﬁ§] Q\f@‘ﬁ’ WH’?@%E‘?‘%@PI @égﬁ@igﬁg%%ﬂ?érﬁ%ﬁggssi bl e;
a nodul ati ng neans for nodul ating data for transmi ssion to the contactl ess
| C cawagrapenthan phe iwesnastwidt of the windiagsesdgn.and suppl yi ng the nodul at ed
data to the 1loop coil; and a denodul ati ng neans for denodul ati ng data
recei ved hpe tWide pogtiorcof thef magndtirementbet deingedispdsedaarfdce the2. mIimesidppéir at us
as set forth in claim1l, wherein the nmagnetic nenber has a portion w der
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disposed to face a main-side portion of the loop coil, facing the IC card and where the
winding interval of the loop coil is narrow.
7. The abparatus as set forth in claim 1, wherein the magnetic member has a portion
wider than the outermost width of the winding section of the loop coil, a portion
formed between a pair of cuts made at one end and narrower than the innermost width
of the winding section, and a pair of edge pieces formed across the narrow portion
between the pair of cuts,
the wide portion of the magnetic member being disposed to face the main side of
the loop coil, opposite to the main side facing the IC card with the narrow portion
being penetrated through the center of the loop coil, while the narrow portion is
disposed to face a main-side portion of the loop coil, facing the IC card; and
the pair of edge pieces being disposed to face the main side of the loop coil,
opposite to the main side facing the IC card.
8.  The apparatus as set forth in claim 1, 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 to be different in interval from each other.



the | oop coil, opposite to the main side facing the I1C card with the narrow

portlon bei ng penetrated through the center of the loop coil, while the
narrom/portlon is disposed to face a main-side portion of the |oop coil,
facing the 1C card and where the winding interval of the loop coil is

narrow. 13. The apparatus asset fortq in claim21l, wherein the nmagnetic
nmenber has a portion w der than the guterm)st W dth of the wi nding section
of the loop coil, a portion forned between a pair of cuts made at one end
and narrovver than the innernost width of the windi ng section, and a pair

of ed ces for r. of cuts,
the ke poeamrar oot faRR b feinl Rk R¥isBr iy T
si de of the | oop coil, opposite to the main side aC|n the IL.C card with
t he n&eetiongel thedaop seilrag'e defrenbindgtarmalduom gasa ot ‘Pftlért eAIEREOR #dp coi |,
while the narrow portion is disposed to face a main-side portion of the

| oop evhich thafCrgrd teschfihehr d; and the pair of edge pieces being di sposed

to face the main side of the loop coil, opposite to the main side facing
the | Gocarghe #@ariﬁ?a@?&%ﬁh‘iﬁ c@ﬁﬁgtwﬁefe‘hhtﬂé"lo%ky%o’ﬂ‘ it kmdtlee tigdinkhene si de
of a surface a housing of antenna, on wh the loop coil is

di spoi op coﬁ at%{enﬁf]car O% (\aivrh]ch srtctfge 11(1)&{%1% gﬁcofﬂle& he 1C card.

11. A communication apparatus that makes data communications with a contactless
IC card by electromagnetic inductive coupling, the communication apparatus
comprising:

a loop coil for the electromagnetic inductive coupling;

a magnetic member disposed near a metallic member facing the main side of the
loop coil, opposite to the main side facing the IC card, and having the specific
permeability u” and product Ms-t of saturation magnetization Ms and thickness t
thereof set on the basis of a range set for communications with the contactless IC card
to be possible; o

a modulating means for modulating data for transmission to the contactless IC
card with a predetermined carrier frequency and supplying the modulated data to the
loop coil; and

a demodulating means for demodulating data received by the loop coil from the
contactless IC card.

12. The apparatus as set forth in claim 11, wherein the magnetic member has a

portion wider than the outermost width of the winding section of the loop coil and a
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portion narrower than the innermost width of the winding section,

the wide portion of the magnetic member being disposed to face the main side of
the loop coil, opposite to the main side facing the IC card with the narrow portion
being penetrated through the center of the loop coil, while the narrow portion is
disposed to face a main-side portion of the loop coil, facing the IC card and where the
winding interval of the loop coil is narrow.
13. The apparatus as set forth in claim 11, wherein the magnetic member has a
portion wider than the outermost width of the winding section of the loop coil, a
portion formed between a pair of cuts made at one end and narrower than the
innermost width of the winding section, and a pair of edge pieces formed across the
narrow portion between the pair of cuts,

the wide portion of the magnetic member being disposed to face the main side of
the loop coil, opposite to the main side facing the IC card with the narrow portion
being penetrated through the center of the loop coil, while the narrow portion is
disposed to face a main-side portion of the loop coil, facing the IC card; and

the pair of edge pieces being disposed to face the main side of the loop coil,
opposite to the main side facing the IC card.
14. The apparatus as set forth in claim 11, wherein one side of a surface of a housing
of the antenna, on which the loop coil is disposed, is formed shorter than the long side

of the IC card.



