27 March 2007 -1 DESCRI PTION Antenna Apparatus, and Conmuni cations
Apparatus Using Same Technical Field The present invention relates to a
reader/witer antenna apparatus for witing and readlng gﬁ to @ﬂﬂ froma
‘contactless IC (integrated circuit) card adopting the G2

el ectromagneti c inductive coupling and a communi cation apparatus using the
ant enna apparatus. This application chains 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 Art Recently, a so-called RFID (radio

frequency identifi catl on) syste ntactless IC card, IC tag or
O SCRPTIRe i

the |i ke has been introduced in of art such as an automatic
ticket checker used in the railway station, security systemfor checking
people going to enter or exit froma building, electronic noney system
etc. As schematically illustrated in FIG 1, the RFID systemincludes a
contactless | Quaehda Wfparats, and €odendnicitiens Apparatusising Smue read data to
and fromthe IC card 0. The RFID system adopts the theory of

el ectromagnetic induction. An el ectromagnetic 27 March 2007 -2 field
radiated froma | oop antenna 102 provided at the reader/witer 101 is

coupl eﬂcc%ical Field

The present invention relates toa reader/Wﬁter antenna apparatus for w;iting and
readiilg data to and from a contactless IC (integrated circuit) card adopting the
technique of electromagnetic-inductive coupling and a communication appératus using
the antenna apparatus,

| Tﬁis application claims the priority of the Japanese Patent Application No.
_ .2002-28417_7 filed on Sepfember 27, 2002 and No. 2003-3739 filed on January 9,

2003, the eri_tirety of which is incorporated by reference herein.

Background Art
| Recently, a so—called RFID (radlo frequency 1dcnt1ﬁcat10n) system using a
‘contactless IC card, IC tag or the like has been 1ntroduced into the fields of art such as
an automatic ticket checl;cr used in the railway station, security system for checking
ceople going to enter or exit from a building, electronic money system, etc. As
-schematically illustfated in FIG. 1, the RFID system includes a contactless IC card 100 _
- and 2 reader/\la‘vriter 101lt0 write and read data to-and fror_h th'c I_C card 100, The o

_ RFID system adopts the theory of electromagnetic induction. ~An electromagnetic



the el ectromagnetic induction to a | oop antenna 103 provided at the IC card
100 'to provide conmuni cati ons between the IC card 100 and reader/witer
101. In the above RFID system the IC card has not to be inserted into the
reader/witer to put netallic contacts into contact with 2dd¥aehBe7 as in
the' conventional contactless IC card systens. Therefore, data can be
witten to, and read from the IC card easily and quickly. Also, in the
RFI D system the electromagnetic fiel@-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.

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

nai nt ai fieldi tadiaged fronea loop amtenna 402 prdyded at therrepdeniwriteryl01) is conpledidve
RFI D system the | oop antenna 102 provided at the reader/witer 101 should

be abl eeQle@ttimhghetit iBISSHISPIRANGSP ntbhed Y0P Provided at el I Cardei@Oae of
magnetic strength in order to assure a satisfactory range of communi cati ons

bet ween h C | 1ye ni he | oop antenna
2021 o PAYAS: edfuBRi et MR EFRURI b on i reBbAlbY 10E. 10 £ DOp A e
wi ndi ng of a conductor_as shown_.in FIG, 2. The Joop coil. 200 is forned to
have vm'gndi nkit the Py KERe B, %ﬂ@s?%réllaéné‘é%{)%i eQdP@s[get he center of

I

the | oop coil 200, di sposed synmmetrically to be equal in interval and wdth

t o eachreadefferited to mitanétdlHvecomtaetd infoatonsast wath hes apin thee | oop ant enna
of this type are found in the Japanese Published Unexam ned Patent

Appl i catdBrntidnall@iRadkit494€ dapd 3ystMaisC h T8 Efore, Javhedbé hefteeni 9, sidfdadsed
an antenna provided at a main unit and connected to a
from, the IC card easily and quickly. ~Also, in the 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 excelle‘gt 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 -electfomagnetic field having a certain degree of
maghetic strength in order to assure a satisfactory range of communications between -
the IC card 100 and reader/writer 101. | |
Generally, the Joop antenna 102 for the reader/writer 101 includes a loop coil 200-
formedrfrom a plane winding of a conductor as s_hown in FIG. 2. The loop coil 200 1s .
: | | formed to h:ave winding 'slections thel‘”eof,ropposite to eaCh other across the center of |
the loop coil 200, aisposed symmetrically to be equal in interval and width to each
'othcr. It 'should be noted that ﬁctuall examples of the léop'antenna of this type are |

. found in the Japanese Published Unexﬁmiﬁed_ Patent Application No. 1998-144048 in |



Appl'i cation No. 2001-331829 in which there are disclosed antennas A, ARX
and AG3 of a reader/witer RW In the above synmetric | oop antenna 102 for
the reader/witer 101, the magnetic field is distributedZWash2004l |1y as
shown in FIG 3. FIG 4 shows the dependence upon the card position of the
strength of a current induced by the |oop antenna 102 to the IC card 100.
As shown, two communication areas Si1*3and S2' are formed. in positions,
respectively, opposite to each other across the center of the |oop coil
200. More particularly, the conmunication area Si' assures an ideal
magnetic coupling. Nanely, magnetic fields devel gped_at four, sides of the
| oop arwlich4hareds disclosed asaansennerproxidedmt aanain weitand ¢eneckslin @d to t hose
devel oped at four sides of the |loop antenna 103 at the IC card 100,

0pposi trgad@/WHersdule Sirileslso is SrehivaneleyPulilishbt dhexamiaed Bateat 102. Qut si de
the communi cation area S1', there is an area where magnetic fields

cr 0ssi Ny GdoA0 U133 5B irPhinldihef R id AbdddeintdiHas (0T Ch AR OF her

in a ce area where € magnetic evel oped around the | oop

ant enna 132 at the re,adeéﬁyvriter 101 are inverted in direction. In this
outer O3 ofreadetfweder RW-rent will have a lower level than the necessary
| evel for the communications. Qutside the above outer area, there is the
conmuni-cat ilntherkeyvesymmctie lanp antenre 12 fardhe seadesiviter $01+the maghstisnt enna
102 at the reader/witer 101 is coupled to one of the four sides of the

| 0op aieinnedistdhibd pmmadtrivhig s 8R6Wn in FIGC3card 100. Therefore, the

conmmuni cation area S2° is narrower than the

FIG. 4 shows the dependence upon the card position of the strength of a current
induced by the loop antenna 102 to the IC card 100. As shown, two communication
areas S;’ and Sz’ are formed in positions, respectively, 0plﬁosite to each other across
the cenfer of the loop coil 200. More particularly, the commuhication area Sy’

| assures an ideal magnetic f:ouplin'g. Namely, magnetic fields developed at four sides

- of the loop_antehna 102 at the reader/writer 101 are inductively coupled to those
developed at four sides of the loop anfenna 103 at the IC card 100, opposite to the four
sides, reSpect_ively, of the loop antenna 102. Outside the commﬁnication area Sy,
there is an ‘area where magnetic ﬁel-ds'c'rossing the loop antenna 103 at the

‘reader/writer 101 cancel each other in a central aréa where the magnetic fields

:c.leveloped around the loop antenna 102 at the readerZwriter 101 are inverted 1n

o " airection. In this outer afea; the indﬁced current will have a lower level than the
neceésary level for ﬁe communications: | Outsidé the above_ outer area, there is the
E comrrlunicatibx_; area Szl’ where only oﬁe of the four sides of the loop antenna 102 at | o

- the reader/writer 101 i.s_ coupled to one_;of the four sides of the loop antenna 103 at the. .



communi cation area SI', and the induced current in this comunication area
S2' 'is smaller 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-goi Rg MichefPon
indicates a direction fromthe center (origin "0") toward outside of the
| C card 100. The wvertical axis indicates the strength of the current

el ectromagnetically induced in the I|dbp antenna 103 at the I C card 100
under the action of the magnetic field in the |oop antenna 102 at the
reader/witer 101. Communications are possible in an area where the
strength of the induced current has a value | arger than a val ue indicated

with alCaestd@0) i Adhesefore e commumpatiomarea Soh i DARFRKER tHan dmuni cat i on
area SI' is continuously wider as far as possible outwardly of a point,

nanmel y coblifu@ichton ardy'S; Wikl ghetihducahtigremfintthis donmpunizatienaeeal®s ist the 1C
card 100 coincides with that of the |oop antenna 102 at the reader/witer

101, tgﬁlﬁa‘g} ﬁltagmmelgtoﬁggﬁ%?h?ﬁg}g%gs_e. That is to say, in a direction

the origin oward ou ove conventional |oop coil 200, the

hen by & helcie rinn A0 fnthereiag” oy bORGRER AKrdsateefs (R ERnEpr . .7
poi nt of view that no non-comunication area shoul d exi st . between the
conmunitbaidamantenna 102 at thedesder/ writas 0] anskthepasitiiecseingslisgctignandicategoy| ¢
spread. 27 March 2007 -5 The above | oop antenna 102 for the reader/witer
101 shaudifediion f6m thetcehieg dorgini 10”) toward outside of the IC card 100.  The
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 ih the loop
antenna 102 at the reader/writer 101. ~ Communications are plossible in an area where -
 the strength of the induced current has a vatue 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 p_oint; namely,- the origin “07, Whgre the center of the loop
antenha 103 at the IC card 100 coincides with that of the loop antenna 102 at the
.reader/wrifer 101, the RFID systeni will be easie; to use.
That is to say, in é direction the origin “0” toward outsidé of the above
.'c.onventional loop coil 200, the communication area S;” is followed by a
hon—communicétion area'c')nc'e, and then by the communication area Sz". Itis
desirable from the practical point of view 'that no non-communication area should exist
B ‘between the co_mmunicétion areas Sy’ and Sy’ or only thé co‘mmu.h.ication area S_i’

- ._should spread.



Is to a housing made of an My alloy or the |ike because it will not
normal |y operate due to the influence of an eddy current or the like. In
case the loop coil 200 is installed in a nmetallic housing 300 as shown in
FIG 5, a magnetic sheet 301 is interposed between the n&?éﬁ??%zqghsing
300 and |l oop coil 200 wth a sheet 302 of polycarbonate or the |like being
di sposed as a protective nmaterial over the |oop coil 200. Also in this
case, the loop antenna 102 for the reader/witer 101 cannot efficiently
radi ate any el ectromagnetic field to the I1C card 100, and thus the range of
conmmuni cations between the IC card 100 and reader/witer 101 i s narrow.

Further, in case a resin-mde housing 400 is used to Eguse the | ogp coil
200 as sh®he abavElm@p ®itennas pO2 &or thezeader/ witasd Odisbeslkbrotlg Wstatledrps it
electric circuit board 401 | inside the resin-nmade housing 400 and the

| oop ay @PBoddiBe ntadersvaMgadlioyor the likeobecatie itewilbned muimablysgpreatecal | y

I nduced, which wll lead to an increased thickness of the - housing 400.
Mor eov ' I fror WD 101 is -
near y g g6 B FRRERE bF AR e Spnat) GDIR INE | MY il oot RARREGTEOOR, 100, The

arc; conventjonal |qop,anten 02 .of thi ype for the readen/witer 101
‘can hai“%ﬂt@ll%m‘?meﬁéﬁcélﬁﬁﬂn& shavim et f‘qé\i S’I‘ﬂ)ﬁ’&ﬁnf:ﬂ%sﬁ%ﬁ\%@r}iﬂ%nal RFI D
system has the above technical problens, the aforenentjoned reader/witer
101 i sintesioskd betweentheanetallimbeusing 400 andileop 60820 with asthest 3¢APf

portabl e-type el ectronic devices for exanple. In this case, the | oop

ant en ngoﬂﬁﬁrﬁcﬁ{até B tHeReeh éinsi digFost A bs Shautettive rhateriatioeeruthl loop sorl208r in

outsid 27 March 2007
Also in this case, the loop antenna 102 for the reader/writer 101 cannot efficiently
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 housé the loop cpil 200 as
| -.shov'vn 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 electromagneticaily 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 eﬁual in dimensions to thé ldop antenna 103 at the IC card 100. The
B conventional loop antenna 102 of this type for the reader/writer 101 can hardly be
. fbrm_ed émaller and.thinner. |
| Although the conventional RFID system has the above technical problems, the
af_orementioned ;reéder/writer 101 is installed on a reéinmade or metallic housing of
- "s_omc'small ponable{yée electronic devices for examplé. In this case, the ldop

S . antenna, 102 for théxcadér_/wri_ter_ 101 s_hould be forined equal or smaller in outside




-6 dinensions to or than, and thinner than, the IC card 100. Different from

the stationary el ectronic devices, the small portabl e-typép(ﬁl eﬁ:ét I C
device is limted in size to assure its portability. Ther ge WV\BH

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

el ectromagnetic field radiated fromthe | oop. antenna 102 from adversely
affecting the electronic circuit board and the |ike disposed near the

I nner wall of the housing as well as to prevent the netallic housing from
affecting the | oop antenna 102. Hence, a denmand is nade for a new nmethod of
pr everdiimegsidnes towrshan, anddbininey thang thefE eand H¥.on the 1 oop antenna 102 and
the electromagnetic field radiated fromthe |oop antenna 102 itself from

af f ecti ng Pifferefl R6i WBistatinbepelechopicdanckst e dmMepoAble-tygef ferent from
the stationary electronic devices, the snmall portable-type electronic

devi ce - . B i & u | Ther re, the

it ve CIERTENE ESIRRIARELLLige o 1R5B RE PBHABRER- Phfore M Vel 2 12%) oo
antenna 10 h&f- to. be f?rrred to have a ney, .ai h effici emﬁ# onstruction
whi ch #8 utlispasiiaen of £ 10RRGRAL I $hack dsidle BRAMSIENTAOE o sral |
drive current. Further, because of the limted |ocation of installation and
geonetaffectivelasolyn the prathems dmassuting a spacedor tietloop sotltinsialled infide Beher
functional part such as a keyboard or the like, a desired position of

t r ansfgifsif) tAds A68Sh t@mtibit theeleeadairbntti¢ feldMdiated font i loaps be at

the center 0of the | oop antenna 102, which will not neet a demand 27 March
2007 antenna 102 from adversely affecting the electronic circuit board and the like disposed
near the inner wall of the housing asl 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 stat’ibnary electronic devices, the small portable-type
 electronic device should be operable with a less power consumption. Therefore, the
| ‘.drive current for the Ioop antenna 102 cannot be smaller, and thus the loop antenna
102 has to be formed to ha\-/e a new, high efﬁéiency 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



-7 peculiar to the small portable-type el ectronic device, such as a
requirement for a freedomof setting the transm ssion/reception position
to attain an easier operability of ti the electronic device jtself, Note
here that besides the above worki ng-out of the spatial dis%%@kﬁi 07 her e
have been proposed techni ques of preventing the netallic housing from
affecting the 1oop antenna 102, including, as typical ones, an 1 Ctap
antenna made of a pl at e-shaped nagnezic material to suppress the influence
of a nmetallic nenber (as in the Japanése Published Unexam ned Patent
Application No. 2001-331772) and a card | oader antenna nmade of a nmagnetic
material to suppress the influence of a netallic nmenber by deflecting the
magnetic field in the antenna (as in the Japanese Published Unexan ned _
Pat ent pippliarcatth® Smbl poRdb-tye éRYronibrievive, bich &f OreguiBineanid aconvent i onal
t echni ques cannot inplenment any conpact and thin | oop antenna optimum for
a read it ' < . t ' ' i@l -and
apace- I Tiaplrf sch e P RS A H s G A & BRIy oF 1

| oop antenna., Disclosure of the Invention Accordingly, exanple enbodinents
may pr ¢9¢ BECHANIC dti¢nd novel antenna apparatus and a conmuni cation
appar atus usi ng the antenna apparatus. Exanpl e enbodi nents nmay provide an
ant.enna applrtahers thaigsisides 2ire Arorvehw @B0ig-o@& of the spatial disposition, there

have been proposed techniques of preventing the metallic housing from affecting the
ldop aﬁtenna 102, including, as typical ones, an 1C tap antenna made of a plate-shaped
:mag.netic 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
_' : iby deflecting the magnetic field in the antenna (as in the Japanese Published |
- ﬁnegam_ir_'i_éq'_Patent Application No. 2002-123799).
Any of the aforementioned coﬁvenﬁonal techniques cannot implement any
: ~ compact and thin loop antenna optimum for a reader/writer in a small portable—typé
= -:électronic.:dév-ice material-and, Space-iimitéd in power consumption and location of
o i.'installation of the loop antenna.
o jDisclosure of the Invention

Accordingly, example embodiments may provide an improved and novel antenna

o _apparatué'and a communication apparatus using the antenna apparatus.

nple embodiments may provide an antenna apparatus capable




of expandi ng the range of communicati ons between an 1 C card and
reader/witer by controlling, and effectively utilizing, the distribution
of a radiated el ectromagnetic field, and a comunication arag usi ng

t he antenna apparatus. Exanpl e enbodi nents nay provide anzzﬁﬁﬁﬂh 6@pparatus
for a reader/witer, formed to be smaller and have a hi gher performance by
reducing the influence of the material of a housing for the antenna
apparatus, and a commruni cation apparatus using the antenna apparatus. In
accordance with a first aspect of thé-present invention, there is provided
an antenna apparatus connected to a comruni cation apparatus that makes

data goeRpaniingtith®fande ol cameRMiRGbheBsween aaNT &ird ah@edadermeinatbyc | nducti ve
coupling, the "apparatus conprising: a loop coil for the el ectromagnetic

i nduct | v | i ng; da etd C 1. rdisp - mai n side
of 1 ne BTG RN o TR ARG BrRRRRA AelRBiadME " 0 Rl ng
“the specific perneability ' and product Mst of saturation nagnetization M
and t hfleidnaada coppupterticneapparatussipg Hlesadenng 3opakduSset for conmuni cati ons
with the contactless IC card to be possible; and wherein the specific

per meabi | iEyangple @mboldémertg relyi eovideharantendQpparatmrfer anechdehevrjtegduct Mst  of
saturation magnetization Ms and thickness t is 6 enu/cn2 or nore. In

exanpl i £ | i f 100 e
o AP Lo b iHatior MPHARAD figher arld® by oG RAE IHEAnNAEAE SFang
9

I men t'he magneti ormed froma soft

magneti c .n‘fttter'i_lal . th]e ﬁoft 27 March 2007 - . .
material of a housing for the antenna apparatus, and a communication apparatus using

the antenna apparatus. |
In accordance with a first aspect of the present invention, there is provided an
antenna apparatus connected to a communication apparatus that makes data
commuﬁication with a contactless IC card by electromagnetic indu.ctive couplipg, the
apparatus comprising: a loop coil for the electromagnetic inductive coupling; and a
- magnetic m’embef disposed to face the main side of the loop coil, opposite to the main
side facing the IC card, and having the specific permeability i and product Mst of
'saturét.ion'magnetization Ms and thickness t thereof set on the basis of a range set for
communications with tﬁe_ contaétless IC cérd to be possible; and wherein the specific
pcrmeabil_ity. wof .t_he magnetic member is 30 or more and the product Ms't of
| saturation magﬁetization Ms and thicknéss tis 6 emu/cm’ or mﬁre. |
In -exampie embodiments, the magnetic membeér has a coercive force He of 100 e
- or less. | |
Iﬁ exampie‘em'bod‘iments,' the magﬁg:tic member is fofmea'from a sloﬁ magnetic o -

" material. Th¢ soft




magnéti c material is a sintered cdrrpact of any one of an anorphous alloy,
Co-Cr alloy, Fe-A alloy, Sendust alloy, Fe-N alloy, Fe-Co-Ni alloy and a

ferrite alloy. In the antenna apparatus of exanple enbodi S,
magneti c nenber has a portion wi der than the outernost vv?ngs/}f“@é({bﬁe

wi ndi ng section of the loop coil and a portion narrower than the innernost
wi dth of the wi nding section, the wide portion of the magnetic nenber
bei ng di sposed to face the nain side of the | oop coil, opposite to the
main side facing the 1 Ccard with th 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 1C card and where
the winding interval of the loop. coil is narrow. In the antenna apparatus
of exanpl e enbodi nents, the magnetic nenber has a portion wi der than the

out er mggniicinatepfal ishesimerdi qEnsat of oy ohe bhan h@oepheas hilod Cedrtallen, for med
between a pair of cuts, nmade at one end and narrower than the innernbst

wi dt h i qdl i . [ &7 1 rmed across the
narrow%—%ﬁ%logﬂhggﬁﬁ\%eéﬁ% Egﬂfolaﬂﬂr 6? e%{%—@%{lﬂgg&n@ag&g@??lﬂ& i of the magnetic
nmenber being, disposed to fage the main side of the | qop coil, opposite to
the main sf eﬁa@pﬁgaﬁn?éatﬂtog‘ewrapkmmquwﬁfaﬂhswwﬁtw BRSNS Benet r at ed

t hrough the center of the loop coil, while the narrow portion is disposed
t o f acmorhonevidesthde thpoouteomostfwitltieof thepviading, set@en ofjthieHeo €oilandd, and t he
pai.r of edge pieces being disposed to face the main side of the |oop coil,

OpPOsi h&ibR nhASwERHAN Th finkARbAL AP iHE wiRlthe stBiddlehdRIG&IPGHIBRREN at us of
exanpl'e enbodi ments, the loop coil 1s 27 Mr cﬁ 2007 -10
the magnetic member being disposed to face the main side of the loop coil, opposite to
the main sidé facing the 1C 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 Iloop coil, facing the 1C card and where the Winding interval of the loop.coil is
narrow.
In therahtenna apparatus of example embodiments,-thg inagnetic member has a |
portion Wider than the outermost width of the vﬁnding section of the loop coil, a
portion fofmed betweeg a pair of cuts made at one end and narrower than the innermost
‘width of tﬁe_winding section, and a pair of edge pieces formed across the narrow
portion be-tweeﬁ the pair of cuts; the wide ﬁortiog of the magnetic member being
disposed to face the inain side of the loop coil, opposite to the maiﬁ side faqing the 1C
- card with the narrow portion being peﬁetrated 'through the center of the loop coil, while
the n_a'r;‘ov? por_tioﬁ is disposed to face a main—side portioﬁ of the loop coil, facing the 1C
'. éafd, and the pair of edge pieceé being disposed to'. facé the inain side of the loop (;o.il,
- ; Qppbsite to the mainside facing the 1C c;ir_d.

In the antcnna apparatus of example embodiments, the loop coil is



formed froma plane w nding of a conductor, whose sections opposite to each
other across the center of the loop coil are different in interval from
each other. In this loop coil, the winding sections are different in
interval fromeach other in the direction in which the | @7Mpgh?0%canned.
Further, this loop coil should desirably be smaller than the |oop coil at
the IC card, to which it is to be inductively coupled. In accordance with a
second aspect of the present invention, there is provided a conmrunication

apparatus that makes data connunicati ns with a contactless IC card by

el ectromagneti c inductive coupling, "thé communi cati on apparatus conpri sing:
a loop coil for the electromagnetic inductive coupling;a nmagnetic nenber
di sposed near a netallic nenber facing the main side of the |oop coil,
opposite to the main side facing the I1C card, and having the specific

per meapirhiddfromanslamy ®etihg V6 a'chn@ictos HHsa beHdnERPPESite@dtdach oltkerand
thi ckness t thereof set on the basis of a range set for conmunications

with t | I r.d. - ' . dul at |

modul R rRg Bxeerel PP e dalRFOL s RPN BufyalPRide ek, AR 0
predeterm ned_ carrier frequency and supplying the modul ated data to the

| oop ceRil,;thewdnding geqtiows ez dikterent an snteryal Henpeshatherdn 4 4iredioBifed by t he
| oop coil fromthe <contactless IC card.; and wherein the specific

per meatvhidH the §C caid isheanmgh e thuether thigdoop coiBshould desirebhnist srhallgptiehuct Ms- t
of saturation nmagnetization Ms and thickness t is 6 enu/cnR or nore. In

e TR BAAUERSL R O P BeSRR pae 21 larcn 2007, L

section In accordance with a second aspect of the present invention, there is provided a
communication apparatus that makes data communications with a contactless IC card
by electromagnetic inductive coupling, the communication apparatus comprising: a
Tloop coil for the electromagnetic inductive coupling;a r'nagnetic 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 w’ and product Ms't of
saturatidn magnetizat_ion Ms and thickness t thereof set on thé basis of a range set for
communiéations with the contactless IC card to be possible; a modulating means for
modulating data fqr transmission to the contactless IC card with a predetermined
éaﬁierfrequency and supplying the moduiated data to the loop coil; and a
‘demodulating méané for demodulating data received by the 1oop _cdil from the

. - contactless IC card.; and wherein the speciﬁé p_erméability p’ of thé magnetic member
is 30 or more andlthe product Ms't of Satulfation niagnetizatians’ and thickness t is 6
-_ _Ver.nu/'cm2 or more. | | |

o ~ Inthe com‘muﬂic_a_tibn apparatus of ¢xamp1e embodiments, the



of the loop coil and a portion narrower than the innernost wdth of the

w nding section, the wide portion of the nagnetic nenber being disposed to
face the main side of the |oop coil, opposite to the nai& %hde éﬁﬁ;ng t he
1 Ccard with the narrow portion being penetrated througt/tAEReNer ~of
the loop coil, while the narrow portion is disposed to face a nain-side
portion of the loop coil, facing the 1C card and where the w nding
interval of the loop coil is narrow. In the conmuni cati on apparatus of
exanpl e enbodi nents, the nagnetic nenper has a portion wider than the
outernost width of the winding section of the loop coil, a portion fornmed
between a pair of cuts made at one end and narrower than the innernost

wi dth of the winding section, and a pair of edge pieces forned across the
narrow portion between the pair of cuts, the wide portiaon_of the nmagnetic
menber MBERGH Membgblish pertivavadenhapshaoupaeoss wigtheof the vinding segiosite to
the main side facing the 1C card with the narrow portion being penetrated

t hor ougfitht heocedil end afpoitien haepyacthhn thentnkenddeviddr ofothe mandingn i s di sposed -
to face a main-side portion of the loop coil, facing the 1 C card, and the .

pair Qéecﬁgﬂ,echﬁigﬁﬁgﬁoﬁﬁinggtﬁg %@%@ﬁgﬁﬂg@?%@gﬁgﬁsg{? éfidg??ﬁe mhi&igoop coil,

opposite to t n si C car ( t a surface of a
el & QFieRH SUhBPoRls WILE AR s SUIPERIS 16 ¢oil SHBAGaT T B Hed short er
than the long side. of the 1C card. These objects and ot her objects,
f igt ur esing pencithiehtlagesh tie @nmmtt’ @@lmbpd:ioﬁew&ﬁ;leihé narrew-porti@yisvar ch 2007
dispoéed to face a main-side portion of the loop coil, facing the 1C card and where the
winding interval of the loop cojl 1S narrow.
In the communication apparatus of example embodiments, the magnetic member
has a portion wider than the outermost width of the winding section of the loop coil, a
portioh formed betweeﬁ a pair of cuts made at one end and narrower than the innermost
- width of the \&inding section, and a pair of edge pieces formed across the narrow
- portiop between the pair of cutsl, the wide portibn of the magnetic member being
'_dispbsed to face the rﬁain side of the loop coil, opposite to the .main side facing the 1C
* ¢ard with the narrow pértion being penetrated thorough the center of the loop coil,
while the naffow portion is disposed to face a main-side portidn of the loop coil,
facing the 1C Catd, and the pair of edge Vpieces being dispoéed to face the main side of
the loop coil, opposite to the main sidel facing th_f; 1C card. |
: One side 'Qf a surface of a housing of the antenna apparatqs used in the
- -' communicati.on'appa‘ratus of exémple embodimenté, 01"17 which the loop céil is disposed,
| is formed shorter th;in the long side of ﬂle‘ IC card.

These 6bj ects and .other objects, features aﬁd advantages of example embodiments



wi || becone nore apparent fromthe follow ng detailed description of the
best node for carrying out exanple enbodi nents when taken in conjunction
with the acconpanying drawings. Brief Description of the Draw ngs FIG 1
is a perspective view of the conventional RFID system FI& Margls2Q07, an
view of the conventional RFW (reader/witer) |oop antenna. FIG 3 shows
the distribution of a magnetic field devel oped around the conventional R'W
| oop antenna. FIG 4 shows a characteristic curve of a performance of
comuni cations. between the conventijgnal R'Wloop antenna and 1C card.

FIG 5 shows the distribution of a nagnetic field devel oped around the

conventional R'WIoop antenna disposed in the netallic housing. FIG 6 is a

side el evation of the conventional  RFRWIoop antenna di sposed in the

resin-made housing. FIG 7 is a circuit diagramof an RFID system accordi ng
t o t hewill dsemhe mureapparent fréthGhe blicsviag pletailedidevcriftion qilthabestisyodeet ri ¢ | oop
antenna. FIG 9 schematically illustrates a Z-directional distribution of a
magnet igg. L8k WA WoTcT=Ta M- Tyc TN o To W0 s TS a] - ToT Y 'ﬁ%ﬂﬂﬁfcf'. £ wWilPReantenna. FIG 10
isap an.awé%ggfg C ogcmgéym*retri ceﬁoop alnten a. 1EI (‘&;}I 1lei s a plane view

of a magnetic sheet of the cubic asymetric |oop 27 March 2007 -13
ant enngtcompanying drawings.

Brief Description of the Drawings
FIG, 1 is a perspective view of the conventional RFID system.
. ‘FIG. 2 is a plan view of the conventional R/W (reader/writer) loop antenna.
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 cﬁnventional R/W loop antennar and 1C card.
FIG. 5 .shows the distribution of a magnetic field déveldped around the
convenﬁonal R/W loop antenna disposed in thé 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 diagrani of an RFID_SYStem according to the present invention.
FIG. 8 is é plan view of a plane asymmetric loop antenna. |
FIG. 9 schematically illustrates aZ-direétipnaldistribution of ﬁ magnetic field
de_Velqped aroﬁnd the plane asymmetrié loop antenna.
| FIG. 10is a plan view of .a cubic a'sy:mme,trig.: loép anfenna. |

FIG. 1 1 isa plane vie_\& of a magnetic _sheet- of the cubic asymmetric loop




FIG 12 schematically illustrates the Z-directional distribution of a
magnetic field devel oped around the cubic asymetric | oop_antenpa. FIG 13
is a plan view of a variant of the cubic asynmetric | oop QHP@Hﬂ%?mnﬁIG. 14
is a plan view of the nmagnetic sheet included in the cubic asymetric | oop
antenna shown in FIG 13. FIG 15 schematically illustrates a Z-directional
distribution of a magnetic field deyvel oped around the cubic asymetric

| oop antenna shown in FIG 13. FICi'E%'schenatically illustrates an
X-directional distribution of a nmagnetic field developed around the cubic
asymmetric | oop antenna shown in FIG 13. FIG 17 schematically illustrates
an X-directional distribution of a magnetic field devel oped around the
cubi cA¥&PHfretric 1 oop antenna shown in FIG 13. FIG 18 shows a
characteristic curve show ng the rel ation between the specific .

per meabi | Fi§. B} schematingHutillestetiestheaprdiregtignalotistibutioniad  magactiofidd 19 -
shows a characteristic curve showing the relation between the product Mst-

of safevelbp&haronadehe zabicaRyMinéarid 1o6p akimesa. t and distance of
communi cation. FIG 20 shows an i nduced current characteristic curve

show ng t p (o) f ' | : . L4, and each of
t he pl aneﬁg'n{%lsr%@ﬂﬂgg%ﬁggg Wkgg%‘ﬁ%g%%ﬁ@ﬁ%gﬁ%%ﬁ'}%na and cubic
asynmetri opp. antenna, each di sposed, in.a, resin-made .housing. .FIG 21
Shove. an ¥itgotbis ooRw Ol dhemeehedt phed iR MO HIE SR nce
------- ---- 27 March 2007 -14
loop antenna shown in FIG. 13.

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 aﬁ X-directional distribution of a magneﬁc 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 thé 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
ieﬁnﬂnadehouﬂng.

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



of comuni cati ons between the IC card and each of the plane symetric | oop
antenna, plane asymetric |loop antenna and cubic asymmetric |.oop antenna,
each disposed in a netallic housing. FIG 22 shows an induced current
characteristic curve showi ng the performance of conmuni ca7iMgrsh Béimeen the
| C card and each of the plane symmetric |oop antenna, plane asymetric

| oop antenna and cubic asymmetric | oop antenna, each with no nmagnetic
sheet di sposed in conbination therewitld- FIG 23 shows an induced current
characteristic curve show ng the performance of communi cations between the
| C card and each of -the plane symmetric | oop antenna, plane asymmetric

| oop antenna and cubi c asymmetric | oop_antenna, each w a nagnetlc sheet

di sposed dommunisarians bervdeartblCrrardpal cach pkthg HW%SWEW’-%‘F Qpp antenna,
conmmruni cation term nal device according to the present invention. FIG 25

i's a sefinofdimmeeie Woptdigembire] ashioweyniretdio ppeaitenms edck dospesed m 4 he
comtuni cat I on term nal deV| ce. FIG 26 schematically illustrates a

di st r| afaﬁ& Rgdgrﬁ,%net ic field devel oped around the cubic asymretric | oop
ant ennd di spose t he com‘runi cation termnal device. FIG 27 shows a

Schomt i ¢ F1GiPasnEN SR BANPerL PURCHT SRS Sh Gt Rertor e Gem: | o
di agram of a coating nmachine. 27 March 2007 -15
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 no
maghetic sheet disposed in combination therewith. |
FIG. 23 shows an induced current characteristic curve showing the pefformance
of communications between the IC card‘ and each of the plane symmetric loop antenna,
plane asymmetric loop antenna and cubic asymmetric loop anténna, each With a
_maghetic sheet disposed iﬁ combination therewith.
FIG. 24 is a plan view of a communication terminal device according to the
present invention.
FIG. 25isa sectional view of the cubic asymmetric loop antenna disposed in the
communication tenmnal device.
FIG. 26 schematically illustrates a distribution of magnetlc field developed
around the cubic asymmetric loop antenna disposed in the communication terminal |
Hevice. | |
FIG. 27 showé a flow of steps in thé process of magnetic sheet manufacture.
 FIG.28isa scheﬁlatic diagram of an extrusion moiding machine.

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



FIG 30Ais a plan view of the magnetic sheet, and FIG 30B is a sectional
view of the magnetic sheet. FIG 31 is a plan view of the loop coil. FIG
32 is a plan view of the cubic asynmetric |oop antenna. FIG 33 is a
sectional view of a substantial part of the cubic asymet 27Maes007nt enna
where the magnetic sheet is soft. FIG 34 is a sectional view of the
substantial part of the cubic asymetric |oop antenna where the nmagnetic
sheet is hard. Best Mdde for Carryinglut the Invention The present
invention will be described in detail concerning the antenna apparatus and
t he conmmuni cati on apparatus using the antenna apparatus as the enbodi nents
thereof with reference to the_acconpanying dr am%s és shown iri EFl G
the RFID sHEG ciAdtasplamygeroof the magnesiishesly @pd FAG- POB 18 grisolerplgrcy
contactless IC card 1, and a reader/witer (will be referred to as "RI'W
her eungéthe MAghetiolicee and read data to and fromthe IC card 1. The IC card
1 is' of a battery-less type conpliant with 1SO 7810, for exanple. Nanely,
it has no sery or cell. The ICcard 1 is forned
Fﬁ?‘eﬁb ?soel*ﬁlt%ﬁ G biahe fodiédik

rect angul ar ave the sanme size'as the so-called credit card, nanely, it

is pal msized..,The 1 C card has, provi ded .on a ci i.t board built therein
a | oop anté'qga?’%lst%g nVéBWﬂéEB\WPP aéxmép%t&cag%éhé@ﬁg. field to send and
receive data, and an IC (integrated 27 March 2007 -16 circujt) 3 having

i nt egr at edFIGie3disn sacsiopabyies” of 2 substantial partrikhe ¢RPICARYBENISIC8Rs f or

antenna where the magnetic sheet is soft.
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 concernjng 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 z;nd read data to and from the IC card 1.. |
Thé 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 fhe same size as the Sd—called credit card, namely, it is palm-sized.
- _The IC card 1 has provi‘ded on a circuit board built therein a 'loép antenna 2 that

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




witing and reading data. The | oop antenna 2 includes a |loop coil 4 forned
froma plane winding of a conductor, and forns a resonant circuit along
with a capacitor 5 connected in parallel therewith. The |oop antenna 2
couples with an el ectromagnetic field radiated froma | oépMasehd

provided at an W50 that will be explained in detail later, converts the
el ectromagnetic field into an electrical signal, and supplies the signal to
the IC. 3. The IC 3 includes a rectifiléation circuit 6 to rectify and
snooth the electrical signal supplied fromthe loop coil 4, a regulator 7
to converter the electrical signal supplied fromthe rectification circuit
6 into a DC power, an HPF (high-pass fjlter) 8 to xtract a high frequency
conponeficuity dmaving istegrateddheredn glegironigpirual thalomake ¥arpuLopsatgns Efﬂ'
circuit 6, a denodulation circuit 9 to denodul ate the high-frequency
conponeﬂﬁﬁﬁgpﬁak@ﬂﬁﬁgdmmlhe HPF 8, a sequencer 10 to control data wite and
read correspondingly to data supplied fromthe denodul ation circuit 9, a

menory 11 tg. 186;23{?@% 2§gél%d%yapbéﬁegfm0f&ﬁﬁa FHARROMhAL WaRdigigiof t 9, and

a nodul ati on crr nodul at’e data to be sent” by the | 6op antenna 4.

capaci COPOUGEE BN o8 A AU aRate i 4 Sbfinga pehFEe) HodiRl” °

IBA 14

and capacitor 15 are connected at the other ends thereof to the other ends

of thelbg@ﬁn&ﬂhh vided eeali/Mos0 Fhat Wl beetplhinedtinaletail lateri cobvaststthat s 27
March 20 -17 the electrical signal resulted by the rectification and

Snoot hieﬁ'&tf&?ﬁaﬂeﬁﬁtﬁélﬁ FhtonH)Bbtrical signal, and supplies the signal to the IC 3.

thereof to one end of each of the loop coil 4 and capgcic{ or.5 é\&% at the
cat hodsherewothe cHit lobptaméentas? eouples withnan elegisasiagaetia Beld rdigted;

The IC 3 includes a rectification circuit 6 to recﬁfy and smooth the eléctrical
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-pgss filter) 8 to

‘extract a high-frequency component from the electrical signal supplied from the
rectification ciréuit 6, a demodulation circuit 9 to demodulate the high-frequency

“component supplied from the HPF 8, é sequencer 10 to control data write and read
corrésPOndingly to data supplied from the demodulation circuit 9, a memory 11to
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.

Th.e rectification circuit 6 is composed ofa d_iode 13, resistor.1‘4 and a capacitor
| 15. Ofthese parts, the diode 13 is connecfed at the anode thereof to one end of each
of the loop coil 4 aﬁd capacitor 5 and at tile cathode to one ¢nd of the resistor 14 and

"capac:itor 15,'_the r‘e’sistbr 14 and cépacitor 15 are connected at the other ends thereof to

e ~ the other ends of the lo_op coil 4 and'cﬁpacitor 5. The rectification circuit 6 outputs




supplied fromthe loop coil 4 to the regulator 7 and HPF 8. The regul ator 7
I's connected to the cathode of the diode 13 in the aforenentioned
rectification circuit 6 and one end of each of the resistaor ﬁgﬁ

capacitor 15. The regulator 7 stabilizes the electrlcal371791\45?81'C Bbl i ed
fromthe rectification circuit 6 by preventing the signal from being
varied in voltage due to sone data conponent, and supplies the signal as a
DC power to the sequencer 10. Thus, itl7is possible to suppress a voltage
vari ation 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 supressed such_volta riations. wll lead, to | functi.on .or the
li ke oftﬁ@ glectraca) stgnad Fes ?g%ﬂéﬁﬁﬁx IGaionARsEEeohin %81?}39%%‘3 sighalang
resistor 17. It extracts the high frequency conponent fromthe electrical
si gnal sapphtd édni theioopecoild tr threaegitbned’ apd HRF 8ation circuit 6, and
supplies the signal to the denpdulation circuit 9. The denmpdul ation

circuit 9 "Ifhe%gﬁfa%reﬂlst Srinketed B ]he 28thodE oF thadRdc! ¥ inliheaffolehtentidiéd 8 and
one end of the Fesistor It denodul ates the high frequency si gnal

supplied f the H and o) tx t
sequencfg?miﬁ'q}oﬂfé‘r%gﬁ@ﬁgé’ﬁwf@ ﬁBo?i?gg&g&m ?r ea %%R/r I(r?ermhﬁi/ and
RAM (random access, nenory g necte toht he oremention g
denoduiragnigter Tstabilizes the crlﬁstrsq@ sienabupplice: Bpmahs regt AEAUOP IR
supplied fromthe 27 March 2007 -18 denodul ation circuit 9 into the RAM
anal yz gsetvdringoiesighad doon dblenm varieal pr vgltage due to some data component, and

supplies the signal as a DC power to the sequencer 10. Thus, it is possible to
suppress a voltage variation caused by a movement of the IC card 1, a Voltége
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. |
TheHPF 8 is composed of a capacitor 16 and resistor 17. It extracts the
high—frequency compoﬁent from the eiectrical signal supplied from the
aforcmention_ed 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 thc resistor 17 It demodulates the high- frequency signal
" supplied f_rcm the HPF &, and outputs the demodulated 81gna1 to the sequencer 10.
.The sequenccr 10 incorporates a ROM (read-only mefuory) and RAM
,_(ragdom-accé_ss m‘emofy), and is connected to the aforemcntioned demodulation

- circuit 9. . The sequencer 10 stores a signai' (command) supplied from the



held in the ROM and reads data fromthe nenory 11 as necessary on the
basis of the result of analysis or wites data supplied fromthe
denodul ation circuit 9 into the nmenory 11. The sequencer 10 generates a
response signal responsively to the conmand supplied, and7Maph2@¥ the
signal to the nodulation circuit 12. The nenory 11 is a non-volatile menory
such as an EEPROM (el ectrically erasable programable read-only nenory)
needi ng no power for hol ding data, amd8-connected to the aforenentioned
sequencer 10. The menory 11 stores data supplied fromthe denodul ation
circuit 9 according to the result of analysis fromthe sequencer 10. The
nmodul ation circuit 12 is forned froma serjes circujit copposed of an

i npedaniemadilathen aincEEY ipta diedR AM canalyzes tag %mﬂﬂﬁgﬁ.cmfgﬁg (PEAPARBEM S | s
connected at one end thereof to the cathode of the diode 13 in the

af or empld ane ROM drid @atlk datacfroguthe themandl htis hbeeseafyson thedbaso afttbedr ai n
of the FET 19. The FET 19 is connected at the source thereof connected to

the groyng, 8?5&41&%&@'?5 %&éﬂ%& gﬁﬁd;&@gieh%rﬁ% deiRduNRioYEGHRACS intd Qhe The

nmodul atron Ci1rcu In parallel to the loop coil 4 included
in the aforen&gti ed resona tO Ci rcagit and cont.rolls t he I.:E%l ltg % make a
swi t chilRgMEperl at | eé‘@ﬂ'&ﬁ”}ﬁeﬁg {BFNTAlEHA ISP PERA KB YREY (5151 ncer 10 in
order to change the |oad of the inpedance 18 to the |oqp coil 4. That is,
t he nodommand supplieyiand seppliepthe sigeal$o thamodylatinn ‘t‘vlF‘%}ng-rmdul ation

nmet hod. The RFW50 includes a control circuit 51 to control data to be sent
and recei vethe @émvay ¢h i2@Gbn-vdltik medwratuchas an HERROM (edectodallpt e t he

data and the power for operation of the I1C card
erasable programmable read-only memory) needing no power for holding data, and
connected to the aforementioned sequencer 10. The memory 11 stores déta supplied
from the demodulation circuit 9 according to the result Qf analysis from the sequencer
10.
The modulation circﬁit 12 is formed from a series circuit composed of an
impedance'-IS and an EFT (field effect transistor) 19. The impedance 18 is
~_connected at one end thereof to tﬁe 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 19is
| connected at the source thereof connected to the ground potential point, and at the gate
to the sequencer 10. .The modulation circuit 1.2 is connected in parallel to the loop
| éoil 4 iﬁcluded iﬁ the aforementioned resonant circuit and controls the FET 19 to make
| a switching operation accbrding té a sigﬁal supplied from thg sequencer 10 in order to
.change the load df the impedance 18 to tﬁe loop coil 4. “That is, the modulation
"circuit 12 ad’bpts the s&called additional modulati_on méthoc_l.,.

- The R/'W SO‘inc‘lud'es a coﬁtroll circu_itSl ‘to control data to be sent and received,



1, a denpdulation circuit 53 to denodul ate received data, and a | oop
antenna 54 that couples with an electronagnetic field to send and receive
data. In the RRW50, the control circuit 51 generates a variety of control
signals according to an external instruction and a progr ah Mefch 20Aér ei n,
for exanple, in order to control the nodulation circuit 52 and

denodul ation circuit 53, and al so generates send data corresponding to an
instruction and supplies the data to-d%e nodulation circuit 52. Al so, 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
modul ation circuit 52, a transmtter nodul ates the send data pqtied from
t he coatmeduletips gircus B2 tormodulats theslathandrthapawenio io@ﬁéﬂﬂwfﬂﬁé §3pd
antenna 54. The denodul ation circuit 53 denodul ates the nodul ated wave

suppl i gdafdeamdution cigeniaBendambdnlae teceine dats, drftea Hrpoahtbmteid deta t o
the control circuit 51. The | oop antenna 54 al so includes a |oop coil

for ”Edcgﬁﬁf&%viﬁ{ Qﬂ%lé@tﬁ')‘i’ﬁ%g% 1d FORMCARY reckivd @b ates an el ect romagnetic
espondin ula

field cor gtoa ed wave supplied fromthe nodul ation
circuit 52 n ts a varjatio f the load to the |pop. caoil 4 at the
IC card 1. 1% a‘eg]ﬁgﬁltﬁiﬁﬁe ﬁB’E‘Eﬁi ?lﬁ%{{lp§ ﬁgeil%t?saﬁﬁ’%fhe?% ngoﬂﬁgpggpgfgonance
capaci tor connected in parallel or in series thereto dependi ng upon an

ant ennaccondingity amexicoerl dusipran and hprograwdeeld sherpin, dasexamplepl ondgr ¢ he

RFI D system constructed as above, when the IC card 1 is given an

i NSt r ugd contrbohewhbdnlation dcaded ey datdodistationcireuit &3, aod atsorgametatéd in t he

RIWS50'" 27 March 2007 -20 generates a wité command signal on the basis of
the ingly 4 gk W dPdndingRod1as@h&Fon and supplies the data to the modulation
circuit 52. - Also, the control circuit 51 generates a reproduce signal according to
response data from the demodulation circuit 53, and outputs the data to outside.
| In the modulation circuit 52, a transmitter modulates the send data suppli‘ed from
_ lthe control circuit 51, and supplies the modulated signal to the loop antenna 54.
The dqmodulation circuit 53 demodulates the modulated wave supplied from the
loop antenna 54, and supplies the.demédulate‘d data to the control circuit 51.
The loop antenna 54 also includes a loop coil formed from a plane winding of a
' conductor. It radiatés an clectromﬁgnetic field conésponding to a modulated wave
:'s';-upplied from the modﬁlation circuit 52, and detects a variation of the load to the lobp ‘
| . ;:bil 4 at the IC card 1. It should be noted that the loop antenna 54 has a resonance
" éapacitor connected in paréllel or in series Vthereto_ depending upon-an antenna driving
E methbd adopted in the R/W 50 as the caseA may be.
In the RFID systein constructed as above, when thé IC card 1 is given an

e instruction for writing a predetermined data, the control circuit 51 in the R/W 50+



and supplies the data to the nodulation circuit 52. The nodul ation circuit
52 nodul ates the anplitude of oscillation signal on the basis of the
supplied signal, and supplies the nodul ated signal to th&7 Msegh2enna 54.
The | oop antenna 54 will th us radiate an electromagnetic wave '
corresponding to the supplied nodul ated signal. Note here that the resonant
frequency of the resonant circuit conpdsed of the |oop coil 4 and
capacitor 5 included in the ICcard 1 is set to 13.56 M1z, for exanple, as
a value corresponding to the oscillation frequency that is a carrier
frequency from the RRW50. The oscillation circuit, recejves the radiated
el ect r gemgAtesiacwrite campyandsignal oa: the basisavibe iRSTUCpA kSR BeRETA{S |
signal, and then supplies the electrical signal to the IC 3. The

el ect r jgal dehgoalespesdinped di¢ hrtrubtorhad thatriagnbe waitt idata] and sspplpdsithd  t o
the rectification circurt 6, rectified and snoothed by the rectification

circui p?é 81 nl Ifflageip iébl‘ﬁ@ 590 R hé g@b{a irbuit B26mb8GIdtALRE afipHids esses

t he voltage vari ata conponent he el ectrical signal "supplied
fromthe regti.fication cjrguit and .supplies the electrical, sigpal as a
b powé opglatien Stepal e ke bavis ot the Tinp i Bt cand SupPyEs e B8RRI G
The signal rectified and snoothed by the rectification circuit 6 is

suppl i signabta the lopprnnmad4 helheolgopantennaci4 will thusxadiaée ana hi ghf r equency
conmponent will be extracted fromthe signal, and then the high frequency
si gnal elestrduiighnieeid W@d&wresgeﬁﬂidgltatth@BupplieﬂjiﬂodﬁlatéﬂlﬁgddnoduI ation circuit

9 denodul ates the supplied 27 March 2007  -21 high-frequency signal and.
suppl i es t ke JRoRANL ARG eSO rehRehAdiPo P BRURES Nt R cuil RBmposed of the
loop coil 4 and capacitor 5 included in the IC card 1 is set to 13.56 MHz, for example,
as a value correspoﬂding 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
tothe 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 combcﬁnent) of the electrical Signal supplied from the rectiﬁcation.circuit 6, and
supplies the electrical s;ignal as a DC power to ﬂié 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 modﬁlation circuit 12 whefe a hi ghmfrequenéy component will be |
- cxtfacted frofn the sigﬁal, and then the high-frequency signal i,s_,s.upplied to the

- demodulation circuit 9. The demodulatioxi circuit 9 demodulates the supplied



sequencer 10 stores the signal supplied fromthe denodul ation circuit 9 as
a coommand into the RAM analyzes the signal according to the program held
in the ROM and wites wite data supplied fromthe denDduIatlon circuit 9
into the menory 11 on the basis of the result of analysi 47 Maich #¥7ot her
hand, in case the signal supplied fromthe denodul ati on CIrCUIt 9is a
connand corresponding to the read instruction, the sequencer 10 will read
data corresponding to the read instrtdlt+on from the menory 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 | oop c0|I s connected in parallel to

t he i npleighritequehcy\wigmal ahé Sﬁﬁjilesslhﬁsletmdﬂé@tedfsfgnal tocthesggaencsr 19onddet i on

between the inpedance 18 and loop coil 4 is broken. As a result, the
| npedang@uehcd stoad tﬁats@mps@ﬂplﬁsd frb tBe\lebdduldivnedit@ant 9 vs aaneatedl to

" the loop antenna 2 at the I1C card 1, varies correspondingly to the read

cor ?esp@ﬁéﬁigﬁ‘é\l\dﬁﬂé&r%Q@aﬁfégéﬁa}?ifgﬁﬁhew%ﬁq%ﬁﬁm%@% B’ cnabl ed

to receive the read data. nce th iation is .denodul ated by.the
denodul WEitemweite dagasupplie el% W0 SUCBRS 1B HETIEY M R e IC
card i and RIW50, and the R/W50 can. thus wite or read data to or from
t he | C basislofitierreaulhofianalysiact manner or by radio. Note here that the
aforenentioned | oop antenna 54 at the RIW50 may be an 27 March 2007 -22

?Rt E P?;a al_ﬁ)p@ﬁ%él Bt hahd,alcase ACAgHANGpplicd From tm@ﬂhodﬂm@hldmra;uﬂsa ghown
a command corresponding to the read instruction, the sequencer 10 will read data
corresponding to the read instruction from the memory 11. The sequencer 10
switches the FET 19 in the modulation circuit 12 correspondingly to the read data.

That is, in the modulation circuit 12, when the FET 19 is turned on, thé lo_op 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 aresult,
the impedance of the loop aﬁtenna 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 terrniﬁal potential Qf the Joop antenna 54 will vary correspondingly to the

' impedancé variation, and the R/W 50 is thus enabled to receive the read data since the
variation is demodulated by the demodulation circuit 33.

As above, communi-cations are made between the IC card 1 and R/W 50, and the

R/W 50 can.thus vﬁite or read data to or from the IC card 1 1n a non-contact manner or
by'_radio. | |

- Note here that the éforementioncd loop antenna 54 at the R/'W 50 may be an




The ant enna apparatus is generally indicated wwth a reference 60. As'shomn‘
in FIG 8, the antenna apparatus 60 includes a l.oop coil 61 for inductive
coupling of an electromagnetic field, and a magneti c shee i sed to
face the main side of the |loop coil 61, opposite to the né?gégaﬁgﬁﬁacing
the 1C card 1. The loop coil 61 is forned by etching or other processing of
an el ectroconductive netal foil of e|lectrolytic copper or the |like forned

on both sides of an insulation film %t substrate 64 nade of a flexible
filmof polyimde or mca. It should be noted that the nmethod of formng
the loop coil 61 is not limted to the above one but the loop coil 61 may

‘be forned b rintin n el ectrogonductive paste such as.a sil ste on
Che faTtine alasens 2nstited AedorrE BohanEetnt BePUPn SrapviH B GE he

| oop coil 61 or by spu_tterinﬁ a netal target to form on the substrate 64,
a condlise antepas ppparatusds gpnealiydadicated wishp refiten@160.A so, in the | oop coil
61, the wi nding sections thereof opposite to each other " across the center

of the | 0oRs §RbWn 8 FAGER dhepasathaagipar®us b0ahdludéva beopsichill €lefor i n
interval and width fromeach other in one direction. That is, the |oop coil

oL N O HARY . L GBREREACRRE h gt okt o gl g0 01 1 1

one dif réctioni an arrow Z in
hat ofaeads GRSides (el fbrtRPaens Faunerin S BeBg P LRG0 |
have a rectangul ar shape |larger than the loop coil 61 to cover the latter
conpl et el yT'e tdoipreoihl nid:iormsﬂ%e' athkingoir. other pvacetsig of an ebztmigpadugitvénna
apparatus 60 has the nmagnetic sheet 62 attached to the nmain side of the
metal foil of electrolytic copper or the like formed on both sides of an insulation film
or substrate 64 made of a flexible film of polyimide or mica. It should be noted that
the method of formiﬁg 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 orby |
sputtering a .met'al target to form, on the substréte 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 uﬁpef winding section 61a larger in interval and width in one direction, that is, a
'vertical direc_:tion indicated with an arrow Z in FIG. 8, and a lower winding section 61b
'smaller in interval énd width in that dirécfion Z.

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

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



| oop coil 61, opposite to the main side facing the IC card 1. In this case,
the distribution of a magnetic field around the antenna apparatus 60 in
one direction indicated with the arrow Z in FIG 8 is enhanced at the upper
wi nding section 6la of the loop coil 61, larger in intervil Marh20dth as
shown in FIG 9. That is, different fromthe magnetic field distribution
being symretric as shown in. FIG 3, the distribution of magnetic field
around the antenna apparatus 60 is asj%hetric In the antenna apparatus 60
according to the present invention, since the |loop coil 61 is forned
asymretric and the distribution of a magnetic field radiated fron1the | oop

coil 61 is controlled, S possible.t I de

conmmuni B8 a8 a2 3EPAERERs é@u baq; @%W&n?ﬁt"%ﬁh&q&%ﬂé Cﬁ%@%&g@dﬂm Sf‘?le Pf'lg]e-

posi tion of conmmunication in one direction. A so, since the |loop coil 61
can be lbopeil Eyeppesitd tethetthein sidp fading the K cardhle | C card 1, the antenna
apparatus 60 can be forned further smaller. The antenna apparatus 60

accordi ng g thRR&aRE, ahe 'Eﬁst:hBMﬁBﬁ opR ﬂg@&i&qﬁaﬁ%@ﬁm@m&d}ﬁ@ﬁn@@ppﬁkﬁmﬁed to
face the main side of | oop coil , opposite to the main side facing

the | it dieBn g e@w&ﬁrfﬁg%?%“? 2l RCE RS PR 4 e yhdiaploitibd o7 07
accor dig1ion BLAGT SReLan i brkerasy Thdaier BN PGB Bt FRAER 1 FCeds ed Plinge
of communi cations between the 1C card 1 and R W50. The aforenentioned
| oop aritedififerést fpom\thel athgmietit Heel RdWtEButiey bbmgaaynametsimas stowvn avENar$h 2007
apparatus constructed according to the present invention as shown in FIG
10. Thehe WMtEBRA0R PP Hiadindficiffeld ARGURI fhé anbetifaaippdratis B0as nefinfenie 70..
In the antenna apparatus 60 according to the present invention, since the loop coil
61 is formed asyﬁmenic and the distribution of a magnetic field radiated from the
- loop coil 61 is controlied, it is possible to provide a wider range of communications
| between the IC card 1 a_nd'R/W 50 and also shift the position of communieation in one ,
direction. - '_.Also, since the loop coil 61 cen be formed smaller than the loop coil 4 at
the IC card 1, the antenna apparates 60 can be formed further smaller.
The antenna apparatus 60 aceording to the present invention has the megnetic
“sheet 62 di‘sposed‘ to face the main side of the loop coil 61, opposite to the main side 7
facing the IC card 1, aﬁd thus can enhance only the magnetic field distribution on-th'e :
.'fnain side of the loop coi‘l 61, facing the IC cafd 1. Therefore, sinee the magnetic
- field intensity is increasedl,_ the antenna ap_paratus,60 eccording to the present invention
B l'can provide a further increased range of eomxmnications between the IC card 1 and
CRWS. "

- The aforementiohed __loop_antenne 54 p'revided' at the R/W 50 may be an antenna



As shown in FIG 10, the antenna apparatus 70 includes a loop coil 71 for

I nductive coupling of an el ectromagnetic field, and a nagnetic sheet 72
formed from magnetic sheet portions penetrated t hrough the center of the

l oop coil 71 and | apped on each other. The |oop coi 171 i % MarBd08

etching or other processing of a conductive netal foil of electrolytic
copper or the like fornmed on both sides of an insulation filmor substrate
73 made of a flexible film of poniniﬁ%‘br mca. It should be noted that
the nethod of formng the loop coil 71 is not limted to the above one but
the loop coil 71 nmay be forned by printing an el ectroconducti ve paste such

as a silver paste on 't fil mor_ substrate 73tof tor_ pattern
that praRBARIES pﬁestr%?ﬁ' aefqrding torthg presepiinvepfing a s W&mtﬁﬁgﬁ t PHeor m
on the substrate 73, a conductor pattern that provides the |oop coil 71.
Al so, iantete dipqmnatueiid: g@erally endicaidid ngitls ectfeoerscet Her eof opposite to each
other across the center of the loop coil 71 are di sposed asymmetrically to

be differengs sﬁbwh@ﬁﬂ@ahoaﬂh@! At tﬁé‘?b iRéihaes h TodPGoif71 €6f i on. That
is, the I oop coil 71 i nci udes an up WI ndi ng section71la larger in

AR R R i A gt i il 72 Shfifbd B,

smaller in interval apnd width in at direction Z | so, p caoil 71
has f JrABRetIGshass pe@mr‘érpetnﬁ@ae&rﬁﬁaoqgh hegintesiof thaloop %ﬁ;{;ﬂfm‘g i

magnetic sheet 72 is - - -- ------oomoo- --- --- 27 March 2007 - 25-
penet r atreelach other. . _

| The loop coil 71 is formed by etching or other proceesing 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 Ioop coil 71
. may be formed by printing an electroconductive paste such as a silver paste on the
film or subs_traté 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_'? 1.
Aiso' in the loop coil 71, the Wind'ing sections thereof opposite to each other
| - across the center of the loop coil 71 are disposed asymmetncally to be different in
| .. 1nterva1 and width from each other in one dxrectlon That is, the loop coil 71 includes
-'an upper wlndmg section 7la larger in interval and width in one direcﬁ'on, that is, a
vertieal direction iﬁdicated with an'moﬁ Z in FIG. 10, and a lower winding section
.  711)  smaller in intervalrand 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 T2is



On the ot her hand,' t he rragnetib sheet 72 includes a portion 72a extended in
one direction of the loop coil 71 and w der than the outernost w dth of

the wi nding section of the loop coil 71, and a portion 72%3?“ e&g(ﬁg
downward fromthe bottomcenter of the wi de portion 72a Heh r than

the innernost wdth of the winding section of the loop coil 71 as shown in
FIGS. 10 and 11. Nanely, the magnetic sheet 72 is forned generally like a
letter "T". More specifically, the wrdé-portion 72a of the nmgnetic sheet
72 is fornmed to have a rectangul ar shape larger than the loop coil 71 to
cover the upper w nding section 71a of the |loop coil 71 conpletely within
the main side thereof. On the other hand, the narrow portion 72b of the
nmagnet Ppgnetreted. 72 is  formed to have a rectangul ar shape sufficiently wide
to penetrate through the through-hole 74 in the loop coil 71 and snaller

t han the | oapthewthertandothd maghetiesheen/@dncigdse atpootno’Tha extentied iroae coi |
71 to be covered conpletely wthin the main side thereof. In the antenna

appar ais.c40n 0?!&?3 gbfl%{iihﬂ $AEHiddiZthhf (B¢ bfdifdst RidADFRORifink sédtioni t h

t he narrow portion ereof belng penetrated through the through-hole 74
in the,loop coil, in a direction fr he nmain.sid f the lo oil 71,
opposi P& tlaq)i)qqpecoﬂniﬁ@n@i %BOLF’Q&% ?ﬁgntﬁ@ é%WBWf,r d ﬁ%ﬁ-@qqq{éorﬁé:faﬂ%g Pge
facing the 1C card 1. Therefore, at_ the upper w_nding sectjon of the |oop
coi | 7thewddepertionddacandnamewes than;the irpeyaost M@dﬂwfdge p‘ﬂﬂ@l%@@ﬁné‘% t he
magneti c sheet 72 faces, at one nmain side thereof, the main side of the

| oop cehd lobb caabPDas bleown ih FEGSRI10 aniddid . f A¥amglyt, e inBgneticisteet AR i he | ower

27 March 2007 -26 wi nding section of the |oop coil 71 where the w nding
I ntervalrhsd §8Rrhty 1iRE MBEELYT™.  More specifically, the wide portion 72a of the
magnetic 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 fnain
side thé‘reof. 'On the other hand, the narrow portion 72b of thé nﬁagnetic ‘_sheet 72 is
formed to have a rectangu.lar shape sufficiently wide to penetrate through the
through—hoic 74 in the loop coil 7 1 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 thé antenna a'pparatus- 70, the rriagnetic sheet 72 is attached to the loop coil 71
| with the narrow portion 72b thereof being penetrated through the through-hole 7.4‘ in
‘trhe loop. coil 71 ina direction from the main side of the’ loop coil 71, oppqsit_e to the
imain side facing the IC Caﬁi 1, toward the main side facing the IC card 1. Therefore,
at the upper windiﬁg section of the loop coil 71 where the w_inding interval is large, the
- _-wide 'pox_‘tion72;1 of the; magnetic sheet 72 f_aces,‘at one inaih sid¢ thereof, the main |

-side-of the Joop coil 71, opposite to the main side fzicing theICcard 1. At the 10We1' .




portion 72b of the magnetic sheet 72 faces, at the other main side thereof,
the main side, facing the IC card 1, of the loop coil 71. In this case,

the distribution of a nagnetic field around the antenna aﬁggﬁgggf go in
one direction, nanely, a vertical direction indicated wt et ¥%w 2 i n
FIG 10, is asymretric and enhanced at the upper w nding section 7la of
the loop coil 71 where the winding interval and wdth are |arge, as shown
in FIG 12. In the antenna apparatus-#®-according to the present invention,
since the loop coil 71 is formed asymetric and the distribution of a
magnetic field radiated fromthe 1loop coil 71 is controlled, it is
possible to provide a wider range of communications between the |IC card 1
and R wisdingrsdctids of the fooptdod Powihtiothesrindingmnteryal isemalh theaarrgwr ect i on.
Al so, since the loop coil 71 can be formed snmaller in size than the | oop

coi | 4pakidn 28 6f AR Hagdnetid éhcRN Y2 TG ARRE athis rifincade eréot] tRdmbiwr t her
small er. At the upper portion of the antenna apparatus 70 where the windi ng

interval, of .thg | i i s 1ar the wi de portion 72a of the
magnet%ges%gﬁg%ﬁggagg%ﬁﬁ%ldn%p @‘f‘g@-of the l-oop coil 71, facing the IC
card 1. Also, .at the | gwer portion whereg ﬁhle wig&i ng interval of %e | oop
coi | 71 i sInsthds rase; the distriuiionslia Bagnetc Beld araung fietntenna apparates ;¢ es
the main side of the loop coil 71, facing the IC card 1. Thus, it is.
possi bireonedEattiomaanmely, 4 hertivabdieedtion indicatedl withitbenitow driodie. dAeisupper
Wi nding section 7l1a on the main side facing the 1C card 1, of the |oop

coi | 7dsvihigeRid BRd cvhAtteRtt i ﬁ?ﬁﬁ'wﬁﬂ%gf\&é&ibnoﬁlatdﬁhw@cﬁg 661l 71 %#haee
| arge.. 27 March 2007 -27 Therefore, since the magnetic field strength in

the Upﬁl%rwpn%ﬁé Pteffal LHE vﬁﬁ[ﬁ%alarge, as shown in FIG. 12.

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
]_JetWeen 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 bé formed smaller in size than the loop
coﬁ 4 at the IC card 1, the anfenn-a apparatus 70 can be formed further smaller.
' At the upper pbrtion of the antenna apparatus 70 where the winding interval of
the loop coﬂ 71 1is large, the Wide portion 72a of the magnetic sheet 72 faces the main
B side of the 1oop coil 71, facing the IC card .1. Also, at the lower portion where thie
winding interval of the loop coil 71 is small, the n_arf_oW portion 72b of the magnetic
| -sheet 72 faces the main side of the loop cqil 71, facing the IC card 1. Thus, it is
possiblé to enhance only the magnetic ﬁ.cld distribution around the upper winding
: lSect‘ioz‘l 71a of_l,the'main side facing the IC card 1, of the loop coil 71 where the |

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



apparatus 70 where the winding interval and wdth of the loop coil 71 are
| arger is enhanced, it is possible to provide a |largely w dened range of
comuni cations between the IC card 1 and RRW50 in one pl amiaﬁ 7
af orenentioned | oop antenna 54 provided at the RRW50 may ‘be an an?enna
apparatus constructed according to the present invention as shown in FIG
13. This antenna apparatus is generally indicated with a reference 80. As
shown in FIG 13, the antenna apparaf@g"80 i ncludes a | oop coil 81 for

i nductive coupling of an electromagnetic field, and a magnetic sheet 82
formed from nagnetic sheet portions penetrated through the center of the

| oop coil a | apped, on each her. The | pop coil 81 i or ned by

et ohi ng. or eHEPIS Uesbe et e sterglanaBE brog perbbaiot thf Anpna

el ectrolytic copper or the like formed on both sides of an insulation film
or subsappamusﬁg wewee dic windiag imtiesval ahdvatitipof thertiodp cotl hi arg langer shoul d be
noted that the nethod of forming the loop coil 81 is not linted to the
above aihaltkdd, itie possSiBIEa provide A peyfweidened bangd dinddmauditations

el ectroconducti ve paste such as a silver paste on the filmor substrate 83

to formeqwggﬁﬁ*eé;:ﬁgé?@af 5‘?‘5 W?ﬂh%ﬁ%?%%g the loop coil 81 or by

sputtering a rget, € su rate 83, to forma conductor pattern
Sect i one. 1 HAFPEGHEINES JoBP @atsnrRdiovisdde4nt REVEShraY b o8 RehBap coi |
81 are di sposed asymetrically to be different in 27 March 2007 -28
i nt er vaipparduseehistructeshacmedingtth ¢he presenteinyeniden apphowhan Hlg, 18he Thirop coi |
oL lal;(tjeensna apparatus is geneially indicated with a reference 80.
As shown in FIG. 13, the antenna apparatus 80 includes a loop coil 81 for
inductive coupling 0f an electromagnetic field, and a magnetic sheet 82 formed from -
~magnetic sheet portions penetrated through the center of the loop coil 81 and Japped
on each other.
The chop coil 81 is formed by etching or other processing of an electroconductive
metal foil of electrolytié coppér or the like formed on both sides of an insulation film
or suﬁstrate 83 made of a flexible film of polyimide or mica. It should be nﬁted that

the method of forming the loop coil 81 is not limited to the above one but the loop coil

81 may be 'formcd 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
L | ~ sputtering a .metal target, 611 fhe substrate 83, to form a conductor pattern that provides'
the loop coil 81.
| Also, in._t,he_: loop coil 81, the winding sections thereof opposite to each other

. across the center of the Iéop coil 81 are dispbséd asymmetrically to be different in



an upper winding section 8la larger in interval and width in one direction,
that is, a vertical direction indicated with an arrow Z in FIG 13, and a
| ower wi nding section 8lb smaller in interval and width in thaé 8' ection
of arrow Z. Also, the loop coil 81 has forned in the centdrMpRRz Q a

t hr ough- hol e 84 through which the magnetic sheet 82 is penetrated. On the
ot her hand, the magnetic sheet 82 is formed to have a rectangul ar shape

| arger than the loop coil 81 to cover28he latter conpletely within the main
side thereof as shown in FIGS. 13 and 14. The magnetic sheet 82 has a pair
of slits or cuts 8 fornmed at predetermned intervals and parallel to each
other. The cuts 85 extend fromthe |ower end of the magnetic sheet 82 to

t he ni datesvalfandnwidthdtore eheh sther in one dirgriiert i dhat shthe loppsoHeayhincludesheet
82 includes a portion 82a wider than the outernost width of the w nding
sect i onnQfppgelevindiig setibn&la 1andr i peetvadand Nidtlposoid dinedione thetds, & he pai r
of cuts 85 to extend downward fromthe bottomcenter of the wide portion

82a an%ﬂ?@%ge{?gbgqu&%di ‘Bﬁgélg‘aﬁw‘yﬁzgﬁmg 1 el wifGieNecAbn the

| oop coi arr of e r _ c positioned acro$s the narrow
portio 82b bet.ween the pair, of cuts.85 .and extengﬁd 0 rd fro he

| ower &4& Sé’flalfqén lmeﬁ‘éaqﬁ&%t‘i"’éiﬁh@ at directpr of Aoy et&é%é?oléf?m{ e w de
portion 82a is fornmed to have a rectangul ar shape |arger than the | oop

coi | 8hasdornedin theecanteraghemiof @ithrpugbekeledid Grough whikh theapagmstic heet
conpletely wwthin the main side thereof. On the other hand, the narrow

portiorgg&g@,eggﬁh@q_ magnetic sheet 82 is forned to have a rectangul ar 27
March 2007" -29 shape sufficiently wide to penetrate through the

thr ough- hOI(ﬁl it dfet ﬂ?ndﬁﬂ@ nﬁ%jnletig Lheet 82 is formed to have a rectangular shape
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 inone
direction. "’.I‘hu‘s, the magnetic sheet 82 includes a portion 82a wider than the
outermost width of the Winding sectioh 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 pbrtion 82a and narrbwer lthan'the innermost width of the winding section of
the loop coil 81, and a pair of edge portions 82¢ positioned across the narroﬁv portion -
| -82b between the pair of cuts 85 and extended downward from the lower end of the
" _ Wide portion '82.a. In thls the magncfic sheet 82, the wide portion 82a is formed to
have a rectangular shape larger than the loop coil 81 to cover the upper winding
- ,Sectjo‘n 8la of the loop coil 81 complefe’]y within the main side thereof. On the other

o _.- hand, the narrow portion 82b of the magnetic __sheet 82 is formed to have a rectangular |



and smaller than the |l oop coil 81 for the central portion of the | ower

wi nding section 81lb of the loop coil 81 to be covered conpletely within
the main side thereof. The pair of edge portions 82c is formed.to have a
rectangul ar shape to cover the lateral portion of the | owdMaichdPfg
section 8 Ib of the loop coil 81 conpletely within the main side thereof.
In the antenna apparatus 80 shown in FIG 13, the nagnetic sheet 82 is
attached to the loop coil 81 with the2$arrow1port|on 82b t hereof 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 |C card 1. Therefore, at the upper

por t i orshepetshEficiandy nede spaeratiaie sirongh the threughhelsgt m thelopnicodk 8k he | oop

coil 81 is large, the main side of the wide portion 82a of the nmagnetic

sheet &ihd smdilephaadhe ddacenil Be fomibe cintal pbrtidreof thepower wikdingsppidmite to
the main side facing the IC card 1. At the | ower portion where the wi nding

interv watﬁeh%op Bh§Pid b@%m}e?e& %b‘h}leww%ﬁl{'th%' Iflﬁnﬁg‘ld% hﬁere@fror%eoort i on

82b of net eet faces n side o oop coi |
opposite .to,.t mai n_ si h e of the pair
of edgHbPl P@%& PR 4PEds Fiehethl ey e Fethnglas SBgedB epvane iepilg e
IC card 1. In this case, the distribution of a nagnetlc field around the
ant ennapergioarcfithe lewer winding seetianc 8ibef thalrsapycoibs L epmplesel yawithis then
indicated wwth the arrow Z in FIG 13, is asymmetric and enhanced at the
upper whnath sidesk&tebfin 8la of the | oop coil 81 where 27 March 2007 -30 the
wi nding interval and width are large as shown in FIG 15.
In the antenna apparatus 80 shown in FIG. 13, the magnetic 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 the IC card
1. Therefbre, 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 diéposcd to face the main side of the loop coil 81, opposite to the
‘main side facing the ICcard 1. At the lower portion where the winding interval of |
the loop coil 81 is sr_nall, 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, namély, 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 .



In the antenna apparatus 80 shown in FIG 13, since the loop coil 81 is
formed asymmetric and the distribution of a magnetic field radiated from
the loop coil 81 is <controlled, it is possible to provide a w der range of
communi cations between the IC card 1 and RFRW50 and al so Zh¥iprchiZR@7

posi tion of conmunication in one direction. Al so, since the |loop coil 81
can be fornmed smaller than the loop coil 4 at the IC card 1, the antenna
apparatus 80 can be forned further smdrer. At the upper portion of the

ant enna apparatus 80 where the winding interval of the loop coil 81 is

| arge, the wide portion 82a of the nagnetic sheet 82 faces the main side
of the |l oop coil 81, opposite to the main sjde fgﬁing the 1C card 1. Also,

at t hethq wirding dntervah anfl avidth aee Mrgesasngov 8y BIG. the loop coil 81 is

smal |, the narrow portion 82b of the magnetic sheet 82 faces the main side
of the | oo ¢ dnté&ina dpgpairatgs BBeshow@ ek, 113, $ings the fodpscqubB$iibfernted.
enhance only the magnetic field distribution around the upper w nding

secti Ogﬁﬁ%ﬁc Lhe tﬁ@ﬁ@n-gc}lﬂg;r%éﬁ ngic F%g?@id‘ilatéd fﬂjl‘mfﬂli@ld ik8i ks 81

wher e Ing interv | oop coil 81 aré |arge.
Therefore, since.the etic.field strength in the upper, porti t he
ant ennontpfedaf isPRBTIRGT BV fiodEhGTeR cL ol iPat PESceple foop coi
81 are larger is enhanced, it is possible to |argely w den the range of
comuniaist T end RN e andiales shift the pesitionnef qmnypicaHoBiB opesiectiphy t her, at
the lateral portion of the I ower w nding section 8 Ib of the |loop coil 81

i n t he Adsd, ssinee thppoomtold 88 Gantbrefopaied sofalked glearptiretloop £ol2k ai thetllecandhidnet i ¢
sheet 82 are 27 March 2007 -31 disposed to face the main side of the |oop
coi | 8fne ARBARA hfpdrRtus/%® e frdfed ReihRe skl Ber.

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 81 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 W_idth of the loop coil 81 are large.

Therefore, since the magnetic field strength in the upper portion of the antenna
épparatus 80 where the winding interval and width of the loop coil 81 are larger is
enhanced, it is possible to iargely 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'c'oil 81

- in the antenna apparatus 80, the pair of ‘edge'po'rti_on's 82¢ in the magnetic sheet 82 'arc o



‘wi ndi ng section 81b of the | oop coil

81,
magnet 1 PR EEREAE T S B it B oo S e e e i 1«

IC card 1. Thus, it is possible to enhance the magnetic field distribution
at the lateral portion of the |oop coil 81 on the main side of the |oop _
coil 81, facing the IC card 1, that is, the nagnetic field distribution in
the direction of arrow X perpendicular to the direction & Maebd9%in FIG
13. Note here that in the aforenentioned antenna apparatus 70 shown in FIG
10, the nmagnetic field distribution in the direction of arrow X wll be
enhanced by the wide portion 72a of t¥He nagnetic sheet 72, larger than the
coil loop 71 as showmn 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 wi || be enhanced by the w de portion 82a of the
magnet i dispossditogace the-gem sideof thelaopawikcdl. oppesite e the wainside facingther al
portion of the loop coil 81 since the pair of edge portions 82c of the

nmagnet i IC shelet. 8Zhiis, idisspmsidle toedigteeithe nlaghetiafiehbdistidbutadn dttthe latert
as shown in FIG 17. Therefore,

to provide a_  wder ra f communi cati.ons.. between the |C card nd RF W
50 hor othat sy 16 magaatic PR st ia (s SaeSlion of Ao, berhendician B
direction perpendicular to the one direction. Note here that in the

af or enedireasivadobarrewndin Efpalit uses 60, 70 and 80 according to the present
i nvention, the range of conmunications between the IC card 1 27 March 2007

éﬁg ggfi E/n\/Né& Ik thet inithie aRfeBientiohet hitegna fapparhﬁs Toegrein in BI@el(; the, 72
maghetic 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, ih the antenna apparatus 80 shown in FIG. 13, the magnetic field
distribution in the direction of arrow X will be enhanced by thé wide portipn 82a of
the ﬁagnetic 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 pbrtion of ihe lower windingISection 81b of the loop coil 81,
as shown in FIG. 17. |

'I‘heréfbre, in thé antenna appératﬁs 80 shown in FIG. 13, the enhancement of the
~ magnetic field strength at the lateral portion of the loop coil SI permits to provide a
5 7- wider range of communications_betWeen the IC cardrl and R/W 50 more largely than
7 ‘in the antenna apparatus 70 shown in FIG. 10 in a direction perpendicular to the one
_direction. |
Note héh; that in the aforementioned antenna appafétu'ses 60, 70 and 80

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



effective specific perneability p' of 30 or nore with a carrier frequency
in the direction of the surface of the magnetic sheet and a product Mt of
saturation nagnetization Ms and thickness t of 6 enmu/cnR or WDLe. For
sel ection of the above specific perneability p' and produ@?zﬂ@F gpv7
saturation nmagnetization Ms and thickness t, the rel ation between the
effective specific perneability p' of the magnetic sheets 62, 72 and 82
and the range of comrunications ‘was “eXdani ned 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 perneability p' of the

magnetic s ts 62, 72 .and 82 should preferably be 30 q re. o0 provide a
wi der raaﬁdgﬂffff(h%ﬁmm&qeéﬁy SHoating, Jon ﬁaa%r&&&r%%e@, an S 80,
and nore preferably be 50 or nore to further wi den the range of

comunieffactionspedificweemechlngity 0 ofB0 dr mmet Ritk\asfrriéd fequeney in¢hat i on
bet ween the product Mt of saturation magnetization Ms and thickness t of

the mgﬂgf‘éch%n%ﬁﬁé suftce dRhANHaBretRhebNondh ‘P%&ch@ M-t SOSRAksAt | on  was

exam ned. The exam nation results are shown fn FIG 19. As will be known
fromthe charactenistic curve incel G 192 th roduct Mst of saturation
magnet i%qegﬁaﬁ% 1‘4%.8“‘? HPE{E%S& Otfdo‘?mwt}f@i nérglﬁgfei' ¢ sheets 62, 72 and 82
shoul d preferably be 6 enu/cnR or nore to increase the distance of
comuni cat if®E sefecting of theabrye spspHicperseeabiity ¥ angrproduct Med ofspmration
preferably be.10 enu/cnR2 or nore to further increase the range of
communimagnatizatiod Miand thi2kesss t; tha rétationsgtetern tieheféecsiveZpedificand 82 shoul d
have a coercive force He of 100 e or

permeability p’ 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 pfovide a wider range of communications of the antenna apparatuses 60, 70 and 80, .
and more p_r-_éfefably 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 Mst 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 the magnetic sheets 62, 72 and 82 should preferably be 6
emu/cm’ or more to increase the distance of communication of the antenna

-. .app'aratuses 60_, 70 and 80, and more preferably be 10 emu/cm’ or more to further

- increase the range of communications.



| ess. Note here that for the nmeasurenent of the specific pernmeability ', an
annul ar sanple of 7 mMmin dianmeter was prepared, a conductive coil was
wound five turns on the sanple, AC specific perneability was nmeasured and
quanti zed by a vector inpedance anal yzer using a carrier 2f MagdeRes/ of
13.56 MHz and that the saturation nagnetization Ms was neasured using the
ordinary vibration sanple nethod (VSM. The nmagnetic sheets 62, 72 and 82
used in the antenna apparatuses 60, #33and 80, respectively, according to
the present invention may be any ones forned fromany soft [ magnetic
material by any arbitrary method if only they woul d neet the magnetic

characteristics of the antenna apparatuses 60, 70 and 80. For exanple, the

magnetic Mieanagitetivashebis 62e78cinelRZ stoonldhaeerecphmiee firceyic ol eak| oy,

Fe-Al alloy, Sendust alloy (Fe-Al-Si), Fe-N alloy, Fe-Co N alloy, etc.
The magagtic sheet may be any one of a sheet formed by powdering any one
of these materials, mxing or dispersing a rubber binder into the fine

powder of e teri coating the rubber .binder t.Q.. sheet med from
t he powder w%eggfet {hﬁgtq{%? quaéme%%?fg qfaﬁ?@%e% CBFE{P??PQI@W ’gﬁﬂr{n&%rng the.
material, a bulk lam nate formed froma sintered conpact of ferrite =
powder sampleof 7qomtiaidiamgiea wasprepaied, asandwdive qasl wag r@"%’é’éﬂs on

descri bed above, the antenna apparatuses 60; 70 and 80 according to the

pr esentthé syepld, AC spedifiapaaheabitiegwas mdmstirednandsqueanitized byer vedor ity ',

and the product Mt of saturation nmagnetization Ms and thickness t, of the

g&gggteisigl £ éafr}ge;] %gﬁ@gﬁfﬁﬁgﬁ%@%my éf f@.fsﬁ%}amr Sncelat tHe @eeatidance wth
magnetization Ms was measured using the ordinary vibration sample method (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 formed from any soft
magnetic material by any arbitrary method if only they' would meet the ma_gnetic
characteristics of the anteﬁna apparatuses 60, 70 and 80. For example, the magnetic -
material méiy be selected from an gmorphous alloy, Co-Cralloy, Fe-Al alloy, Sendust
alloy (Fe-Al-Si), Fe-Ni élloy, -Fe—-Co—Ni alloy, etc. The magnetic sheet may be any
one of a sheet forméd by bowdering any one of these materials, mixing or dispersing a
- rubber binder into the fine poWder 6f thé 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 havi_ng beén described above, the antenna apparatus_es 60, 70 and 80
- , according fo the present invention is characterized in thét the specific permeability p’,

.. and the product Ms-t of saturation magnetization Ms and thickness t, of the magnetic_



By optim zing the specific perneability ', and the product Mt of
saturation nmagnetization Ms and thickness t, of the magnetic sheets 62, 72
and 82, it is possible to provide a w der range of connug%g&tion%nbetween
the 1C card 1 and RRW50. In the antenna apparatuses 60, #rgh &

according to the present invention, since the loop coils 61, 71 and 81 can
be formed smaller in size than the loop coil 4 at the IC card 1 by

i nproving the performance of conmunitcd#tions, the entire apparatus can be
reduced in thickness to less than 1 mmfor exanple and can thus be forned
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 t hesheesy @heli: anshedl areosss i sreardance with mperesIaydpngd el ePMEPHUGHIONST f er ent
in both interval and width fromeach other but mnay be different in

i nt er VB optigiging/the @gectih’ﬁ pertrieabitity §1°6dnd ik produsiMemoisatirationd

asymetric in any arbitrary direction in which the distribution of radiated
magnet J 3 | ' ' +GOhh&ilid, 71 and
B1 ¢ HEAgn A RS NE (AR IHEE R the Rl gAY RhLs B2, TREd BIPLEOROSIOS: fer
across, the center . of each_.loop coil be f as t, 1 be

G T £ erterron e o e 8t SPaER R EeoBaarveen b o AR DRI RAY D o arr ow
X perpendi cular to the aforementioned direction of arrow Z or .in both

t hese di r dattheastenna appevatusesHiy 78 amimi{kacqording todbe prrsent ivesHERONNgMNe

di stribution of radiated magnetic field around the |loop coils 61, 71 and
81 andihalleep aoils 61271 hiid 8dj castbd foemed Sintdllen infkidethativ BOpf aoil 24t ferlCh 2007
-35 read fromor wite to the ICcard 1, in a direction or directions in

whi ch ¢hg 1 8P AnfRIvidg the performance of communications, the entire apparatus can be

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 Jower winding sections of the aforémentioned loop coils 61,
- 71 and 81 rﬁay not always be diffé;ent in both interval and width from each other but
may be different in interiral aldne; Aiso, the loopr coils 61, 71 and 81 may be formed
| asymfnet’ric in any arbitrary direction in which the distribution of radiated magnetic
field shou-ld Be widenéd. Fof exan-rlple,r 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
o boil may be formed asymmetric to be different in inteﬁal and width from each otherin
Vt'he direction of arrow X pérpendicular to the aforementioned directioﬁ_ of arrow Z or
_in both these direétions of arrows Z and X.
Thus, it 1s possible to control the distribution of radiated magnetic field around

~the loop coils 61, 71 and 81 and also 'ar_b_itrafily'adju-st the position of the R/'W 50 for



61, 71 and 81 in the antenna apparatuses 60, 70 and 80 according to the
present invention are formed asymmetric. } For conparison in performance
of conmmuni cati ons anpbng the antenna apparatus 60 constructed as_shown in
FIG 8 according to the present invention (will be ref erréaM%TBh%@m'pl ane
asymmetric | oop antenna" hereunder), antenna apparatus 70 constructed
according to the present invention as shown in FIG 10 (will be referred to
as "cubic asymetric |oop antenna" he¥deunder) and the conventional antenna
apparatus 200 constructed as showmn 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 loop cojl, opposite to éqhe I n side
f aci ng rehe fiot camdite)tp tead@ cafd 1 hiona diaectmerdireetionsiasyhich HRRIOORSFUAS shown
in FIG 20 and also in a netallic housing as shown in FIG 21. The results

of conmgy igothd'é] in B 4ReRdd rAeseP60,070 aldbBe attmding ©She2Pesent! 21 show
characteristic curves, respectively, showing the dependence on the card

positio . S I t urrent induced to the I1C card by each of

t he |od§V§{H?‘i'ﬂ§f§sf°6’§gafgy§%“a@‘£%o at the RR'Wand in which the origin "0" on
the horizagontal axis indi ca&es t he %enter af each of tﬂ? *l?fgo antengtfﬁgﬁo,
.70 and 200 Ear comepariyop/1aReriBagss Of CORTGYHAHARS HEPTe PG HEFER 4%
direction in which the IC card position is shifted outwardly fromthe

ori gi n- 6Mtonstructétbaoshoarn k. 8 hecarding tmuheaxﬁsentilmﬁlﬁ@me@vlﬁrb@r S1Estht h of
a current el ectromagnetically devel oped on the |oop antenna at the IC card
by the tﬁ%n?ﬂ%ﬂé‘: ddyphiReBiOMp ARethOherfiendepRanediivarapparfifs 70 Qonstcu@ed at 27

March 2007 °-
according to the present invention as shown in FIG. 10 (will be referred to as “cubic
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”
hcreuﬁder; with the magnetic sheet being disposed to face the main side Q_f the loop
coi_lr, opposite to the maiﬁ sjde facing the IC card 1), each of them was placed in a resin
housing ds shown in FIG. 20 and ‘also in a metallic housing as shown in FIG. 21. The
results of comparison will be describéd herebelow.

Note that FIGS. 20 and 21 show characteristic curves, respectively, showing the
depcndenéé on the card posiﬁon of _the“strength of a current induced to the IC card by
each 0f the loop antennas 60, 70 and 200 at the R/W and in which the origin “0” on the

- '- ‘1.10'1‘izon.ta1 axis indicates the center of each of the lOop antennas 60, 70 and 200 at the

- R/W and thé positive—going directioﬁ' indicates a direction in which the IC card
| o .p_ositio'n is shifted .outwardly from the origin “0”. On the '(.)ther hand, the vertical axis
B indicates -th_é strength 6f a current eleétromagnetically devélopcd on the loop antenna

- at the IC card by the magnctic field ar_‘ound' each _Of the loop'antennas 60, 70 and 200 at_




|

the R/'Wand communi cati ons aré pc')ssi' ble in an area abdve a val ue indicated
with a dashed line sin FIGS. 20 and 21. In FIGS. 20 and 21, a thin line A

indicates a characteristic of the plane symetric | oop a na %88 a
thicker line Bindicates a characteristic of the plane a %"P}‘i ?oop

antenna 60 and a thickest line Cindicates a characteristic of the cubic
asymmetric | oop antenna 70. Each of the | oop antennas 60, 70 and 200 was
pl aced in the resin housi ng shown i m30-G 20. The conventi onal pl ane
symmetric | oop antenna 200 had forned thereon two comunication areas Sl
and SZ' which are narrow as will be seen in FIG 20. In the plane

asymmetric |.oop antenna 60 according to the present ipvention,_ t
comunitBa R/ Bhang sagmgmnigaEpngAr Wpéﬂgles@ Fhitze d0BYE at"ﬁﬁ’%’é‘ﬁﬁi‘ﬁ?%g\t{g& area
Si was largely widened in range of conmunications. The cubic asymetric

| oop anlashethlii®s indEGSI20@nt @1t hdnFi€Sr20 aml/2ht4 thin lind Aaimcbeatenacat i on
area S fornmed only in one place near the center thereof and which is

Wi dest dnBrARe ogtqge\\%z}sﬁéo%}lh?ﬂ?tﬂd‘ldo&}%ﬁéw 200, %0Ricke} 8RB indiddtes a

comuni cat1 on area ormed”in one place because the cubic

asymmetric struct of the | oop antenna, 70 f . . 1 g4l at.

mmgnet Rateraisca e e Sragorr TpPR AR e fR1 £ IRl finerts Rfifftes s

FIG 9 shows _asymmetric bidirectionally radiated magnetic fields. In case
each ofcharstariséis afrfbeshbic symmerigdgopemted fl-aced in the netallic

housi ng shown in FIG 21, the range of comunications was found narrower
under the BHaohlofehe boaf arttenazeila70i and20G wag placedlih théeesimbpusing shoras 60,
70 and 200 than that when the | oop antenna was placed in the resin housing

shown iR Hi652020 THebdrivenBdndYl st SRfithetriéfoop antenna 200 had formed thereon

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 connhunication area S; was
largely widened in range éf communications. The cubic asymmetric loop antenna 70 | :
according to the present inv-entionlhad a communication area S formed only in one
place near the center thereof and which is widest in comparison with those 1n the other
loop antennas. The communication area S was only formed in one place b_eéause the
-cubic _asynimetric structure of the léop i;ntenna 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 Ioop antennas 60, 70 and 200 was placed in the metallic
housing shown in FIG. 21, the range of communications was fouhd narrower under the
y influence of fhe metallic housing in ali the loop antcnnaé 60, 70 _and 200 than that

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



'plane asyhnetfic | oop antenna 60 and cubic asymetric | oop antenna 70

according to the present invention, however, the induced current was
reduced less than in the conventional plane symetric |oop antenna 200.
Nanely, in the loop antennas 60 and 70 according to the B?é@@ﬁHQWﬁWention,
t he i nduced current was found |less influenced by the material of the
housing than in the conventional |oop antenna 200. As will be known from

t he above, the plane asymetric | oop -@ftenna 60 and cubic asynmetric | oop
antenna 70 according to the present invention can have the performance of
comuni cation thereof inproved as the communication areas Si and S2 are
continuously wi der outwardly fromthe origin "0". Especially the cubic
asymetplare dsyopmatricloop atennamtQ and enbisrasyymeirigdedp gnisaaa t7ﬁe'ﬂlc§©mt% ation
area Sl can be largely wi dened in one place, and have the inpedance

t her eoftht pyéveatidveation ! idvevet, tHeandheabc@synmeds redut@blesatiaaninah60, whi ch
I s advant ageously dedicated to a reduced power consunption. The above

pl ane I | ant.ene hG a I 70 can
be s TP AR ARG ARCpY DG, CRUHRES i e R ARLERRR0 " cy
can have the range of_ conmunicatiqns thereof w den?d I n. cogparison with
the ¢ acroading tgthe prasRRt IVEnfigRhendvted SwEEn K(%Sgr?u? ®Eonparison in
performance of communications anong the aforenentioned | oop antennas 60,
70 andigflogncdddyy ther matesisd ofl the housingl than inghe coneentivaghladpeanspees 2¢).sposed
to face the main side thereof opposite to the main side facing the IC

card. The t/s{ill 88 knbSvnrbih theaibdRe el plasdagimbeiriiglodp aitapstdlamt e shown
in 27 March 2007 38 ' : _

cubic asymmetric loop antenna 70 according to the present invention can have the

performance of communication thereof iinprowad 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 communi_n_:ation area
St can be largely widened in one place, and have the impedance thereof lowered than | :
that in the‘,plané asymmetric loop antenna 60, which is advantageously dedicated to a
reduced power consumption.‘
‘The above plane asymmetric loop antenna 60 and cubic asymmet_ric loop antenna
70 can be iess influenced by the mﬁteriél of the housing for them, and thus they can
have the range of communications thereof widened in comparison with the
.conventional plane symmetric loop antenné 200.
Also, f(jr comparisoﬁ in perforniance of communications among the
éforeméntiogedloép antennas 60, 70 and 200, they were tes_ted with and without the
y _ magnetic shei_at disposed to face the main side théreof opposite to the main side facing

~ the IC card. The test Vre'sul_ts with the:magﬁetic sheet being so disposed are shown in o



FIG 22, and those with no magneti c sheet being di sposed so are shown in
FIG 23. Note that FIGS. 22 and 23 show characteristic curves,
respectively, showing the dependence on the card position of the strength
of a current induced to the I1C card by each of the | oop AMt¥aAKEZ08D, 70
and 200 at the RRWand in which the origin "0" on the horizontal axis

I ndi cates the center of each of the | oop antennas 60, 70 and 200 at the
R/'Wand the positive-going directi on-BBdicates a direction in which the IC
card position is shifted outwardly fromthe origin "0". On the other hand,
the vertical axis indicates the strength of a current el ectromagnetically
devel oped on the | oop antenna at the IC card by the magnetjc_field around
each ofFIGh@2| ampthostavittaso 60agriptic shdedging disposesd sv e showhisUFG /8. not ed
that in FIGS. 22 and 23, a thin line Aindicates a characteristic of the

pl ane symm{dtb ¢hdtFIG R IReHIR P EHbw dhitac@itic lcupees j&dsgd&t@%lﬁ,&sh@wing the
characteristic of the plane asymmetric | oop antenna 60 and a thickest |ine

w11 baeREmighor RERAEFbOSHbf 7ind St of sRRHBRR I ROMATC BAY 1
mgnot iach O e logpepseRs 20 20v8 ARG B Y 889 BREBI e Dr Bbdband
consequently a stronger induced current, than in case no such magnetic

sheet heridbsmdaris iadicakesthe cefienof eatteofiinedoep rntannas 66hE0 and20iat theheet to
face the main side of the |oop antenna, opposite to the main side facing

t he | CRyqV dnll1Eé PaSiET e dMngaRBeidE iddieltes 5Hirepgon in Mhéch tiericecdrde strength
of a current induced in the loop antenna at the I1C card, and thus will be

\I\//g; gha%égﬁfo%%ggﬂﬁé&ommwbﬁﬂﬁero?’fé@x? “G%, CONMBERA IS, Ble dbcdfiand 27
| 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 liné A indicatgs a
‘charécteristic of the plane symmetric loop antenna 200, a thicker line B indicates a
characteristic of the plane asymme_tric loop antenna 60 and a thickest line C indicates a_
" charactéristic 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 l'obp antennaé 60 and 70 acrcording to the present invention, the magnetic
‘sheet disposed as above can have a stronger magnetic ﬁéld, and consequently a
.stronger induced current, than in case no such mag_netié sheet is-disposed as above.
‘Thus, the dis;josition of thé, magnetic shéet to face the main side of the loop antenna,
opposite to the maiﬁ side facing the 1C card increases the magxietic field strength, and

- hence the stréngth 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



reduci ng the power consunption. FIG " 24 shows a comuni-cation term nal
device, generally indicated with a reference 90, as an exanple in which
the aforenmentioned RFID systemis applied. The present invention will be
descri bed herebel ow concerning this comunication terni ndf Mach3®7ho. The
communi cation termnal device 90 uses the aforenentioned cubic asymmetric
| oop antenna 70 as the | oop antenna 54 for the RRW50. The comruni cation
term nal device 90 according to the pBg2sent invention is a snall

el ectroni c 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 comrunication, storage, inmaging, etc., for exanple,

i nt egr atditing thengowearebrisemptnshown, the communi cation terninal device 90

i ncludes a body bl ock 91, display panel block 92 and a hi nge nechani sm 93

that perm g$Gthg sﬂwﬁla%nﬁﬁﬂﬁicaﬁé’n&&nuhm @PB6E behea windikabedtht:0 the body
bl ock 91. The body bl ock has provi ded t her'eon an I nput bl ock 94 havi ng

¢ Efﬁnatn'g?i%afﬁiﬁte?%é%%ﬁaﬁ%l? R PRE AT SR gl HID sPEISPRELE] i c

asymmetric | oop antenna 70 for the RIWS5 The bod%{ bl.ock 91 has .built
t her ei Ahg presans devanmoarwilhe slescsihedrherehel @y gonserning ghis SREEABNCALQR ¢ he

comuni cation term nal device 90. The display panel block 92 has provided
t her eomermidak@dviye 00i t THS conumenichtiomterminaldevice 98 uaes thesgibegmenicmed panel
to display a user-nmade operation of the input block 94, data read fromthe
I'C 27 Mabfhas$Mtetrici8op antenna 70 as the loop antenna 54 for the R/W 50. -
| 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 exalﬁple, integratc_d iﬁ one
. _modﬁle.
As shown, the communication terminal device 90 includes a body block 9'1'
dlsplay panel block 92 and a hinge mechamsm 93 that permits the dlsplay panel 92 to
_ be opened from and closed to the body block 91. The body block 91 has prov1ded
. thereon an- input block 94 having operation buttons etc. for various operations of the
co_mmunicétion 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 therem a microcomputer (CPU) to control each of
the components of the communication terminal device 90. The display panel block:
p 92 has provided ltheréon a display unit 95 formed from a liquid cfystal display (LCD)

" panel to display a user-made operation of the i_nput block 94, data read from theIC -



card 1 by the RFRW50, etc. under the control of the CPU. The hinge
mechani sm 93 has a CCD canera 96 installed thereon. By operating the input
bl ock 94, an inmage captured by the CCD canera 96 can be displ ayed on the
display unit 95. To assure a sufficient rigidity of the cdﬁhﬁﬁ? 2008n
term nal device 90 according to the present invention when it is forned
smal |, lightweight and thin, the comrunication term nal device 90 has a
metal lic housing 97 formed froma metd - such as My alloy or the like, as
shown in FIG 25. The netallic housing 97 has fornmed therein a concavity
97a for |odging therein the aforenmentioned cubic asymetric |oop antenna
70 and that_is closed by a resin nmenber 98 f d.from carbpnate gr the
li ke teAtgrbbréac RAW dhidninden the @omﬁ@mféﬁﬁépfﬁg? ea”L?ﬁnéxegq RECRYPUSIY i n
consideration is not limted to the netallic one 97 but may be a

non- mehad & IGCOmameto PGedstilledriteréomgh- By gipdiatingnthasnpwut Wock B4, i keagor
exanple. Also, the loop coil 71 of the cubic asymmetric |oop antenna 70 is

di 5posgé;pthfbéifl'iﬁ%ei(?@[ﬁ@ﬁﬁéﬂa%éaxpﬁ@dfﬂﬂlﬁfédi Sidicagsial unft o ch the | C card :

1 is scanne the TC card 1 w be scanne arting at the side

t hereof opposite to e input..bl 94 of the. conmmunjcall: '

dovi ce. 90 T8 Asure & SuEehCRR ifin dongnublfioh RETBHERNIBE00 BEMARl:
the | oop antenna 70 where the winding interval and width afe smaller. In
this chxide presentagyration Wh@ﬁlﬂf%m¢£WﬁHnllﬁhm&% UbitB€ asymretric | oop
antenna 70 is enhanced in the upper w nding section 71la of the loop coil 71
wher e ttamusicationptermirea \devicertD hasla metaldiclmugmg, 9Afu nteduomhenetalengt h of
the magnetic field in the wupper wi nding section 71a is increased, as shown

' Fl Guclfas B A6} or e 11@04E sko@h id FItESh A /merafiic 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 thc.housing in
.consi'deration_is nb’; 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 asymimetric loop antenna 70 is disposed in the
aforeﬁlentioned one direction thereof in which-the IC card 1 is scanned._ Thus, the IC
card 1 will be scanned starting at thé side thereof opposite to the input block 94 of the
communication términal device 90, that is, at the lower winding section of the lodp |
:éoil 71 of the loop antenna 70 where the winding int@rva‘l and width are small_er.-

In this qase, the magnetic field dié’tribution around the cubic asymmetric loop

antenna 70 is cnhanécd in the upper windiﬁg section 71a of the loop coil 71 where the.
- winding inter\?gl and wid_th are larger, a‘nd thus the strengfh of th_e_magnetic field in the

“upper winding section 7_1a is increased, .‘_as shown in FIG. 26, so that the range S of




conmmuni cations between the I C card 1 and R'W50 can be | argel y wi dened i n
one place. Therefore, in the communication term nal device 90 according to
the present invention, the range of communications between the |C card 1

.and RFW50 can be widened, and even when the IC card 1 i <7Mashéd0%tarting

at the side thereof opposite to the input block 94, data can appropriately
be witten to or read fromthe IC card 1 independently of the limted

| ocation of the cubic asymetric | oop4hntenna 70. Even in case the

conmmuni cation termnal device 90 is placed in the netallic housing 97,

di sposition of the cubic asymetric |oop antenna 70 permts to inhibit the
range of communi cations between the IC card 1 and RFW50 _from being

decr easentmumicatians beswae thehkC carshl and RiWa 59 canbetlprgely widgneddn a6 f or ned
smaller than the I|oop antenna 2 at the I1C card 1, the comunication

- term ngjacdevi ce 90 according to the present invention itself can be forned

to be snal | er and consune | ess power. Next, an exanple of the method for
otalted THoitde Bhe ek ARAfoR ina A NTEE O s CcbRARE NGRS s o
A or enBHAGRBGegnER Pk CORBIITEIotS WAL I EHE | PBMRERLID PR eI G 27,
First in step S1, a nagnetic paint is prepared by m xing a nagneti ¢ powder,
sol ventwidentdaddd ever whenghe dGherd las isnansieddgartingrat tlak sidg thereo if€c sheet
72.. 1t should be noted that the magnetic powder is an Fe nagnetic materi al
cont ai f tHe input Blodk MBBEt Hlapproprdtely be written to or read from the IC card 1
indcpendently of the limited location of the cubic asymmetric loop antenna 70.
| Even 1n case the communication terminal device 90 is placed in the metallic
housing 97, dispositio_n of the cubic asymmetric loop antenna 70 permits to inhibit the
range of communications between the IC card 1 and R/W 50 ﬁom beiﬁg d_c_ﬁcreased.
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 cah be forﬁied to be smaller and consume less power.
Next, an example of the method for manufacturing the aforementioned cubic
: asymmet_rié loop anténpa 70 instaﬂed 'ir_t'.the communication terminal device 90 will be
“described. |
| For manufacture of the cubic asyminetric loop antenna 70, first the
. aforcmcntio:ied magnetié sheet 72 1s madg' as in thé flow chart in FIG. 27.
| First in -s£ep S1, a magnetic paint is prep'ared by mixing é_ magnetic powder,
- solvent and additiVe_ ina ru_bber—;esin binder for making--the'maghetic sheet 72.. It

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



96 wei ght percents, C in 3 weight percents and Co in 0.3 weight percents
and any -other magnetic material. Next in step S2, the nagnetic paint is
filtered to renove the magnetic powder having a grain dianeter Iar7ger t han
a predeterm ned value fromthe binder. In step S3, an ext AR AT ng
machi ne shown in FIG 28 is used for extruding a magnetic paint 76 in a
reservoir 75 through between a pair of rollers 77a and 77b to forma | ong
magneti ¢ sheet 72 having a predeterni®d t hi ckness. Next in step S4, the

| ong magnetic sheet 72 is dried and the binder is renoved fromthe |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

stri p- Hapeightmgnents; Ghivel wezghsqieneentoandiCoiatthd areightpareenss apdpner s 78a
and 78b. Next in step S6, the strip-shaped magnetic sheet 72 is punched to
have a Omeﬁﬁﬁgﬁém negersdlape. Wth the above operations, the nmagnetic sheet
72 is formed as shown in FIGS. 30A and 30B. Next, the aforenentioned | oop

The 1 oop coNEX7e St v s agietie st ST RorerBe R At ve
T T exi bl VIR AIEGRIGHOREH IS12eE ST g SPsgRoab SR ofd LRPEICEr the 1 ke,
The method of formng the loop coil 71 is not limted to the .
above- ment ilorstep Sdeatbextrasion 2nolding maciioz showa in FIG. 28 is used for extruding
“a magnetic paint 76 in a reservoir 75 through between a pair of rollers 77a and 7.7b to
forni a long magnetic sheet 72 héving 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 adhes_iy‘e 79 to one
- the maih 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
| predéter’mine_:d shape.
With the above operations, thé magnetic sheet 72 1s f@rmed as shown in FIGS.
" 30A and 30B. |
\. Next, the aforementioned loop coil 71 is made aé ‘shown in FIG. 31. Ashaving
| | previously been described, the loop coil 71 is formed by etching or otherwise
L processing a condﬁctive metal foil of an electrolytic copper or the like formed on both
| sidés' of a flexible insulation film or sﬁbstrate 73 of polyimide,, mica or the like. The

" method of forming the ldop coil 71 is not limited to the above_—mentioned one but-t‘hc,_ - |



| oop 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
provi des the loop coil 71 or by sputtering a netal target to forn% on the
substrate 73, a conductor pattern that provides the | oop2cMarch2P07 5 so,
the loop coil 71 has forned in the center thereof the through-hole 74

t hrough which the magnetic sheet 72 is penetrated. Thereafter, the | oop
coil 71 and nmagnetic sheet 72 are att-a8hed to each other in one direction
with the magnetic sheet 72 being penetrated at the narrow portion 72b

t hereof through the through-hole 74 in the loop coil 71 as shown in FIG
32. At this tine, the side of the magnetic sheet 72 applied with the
adhesi ieop 2oils7 imydssivrmedfycprintitgameiestrocordustivepastesosh @sialsilver  f aci ng
the 1C card 1. At the |lower w nding section of the |loop coil 71 where the

wi ndi NgyAsh 8k Yiee ﬁlrﬁ orBbktrate!T8 toFoFRW RAIducRr p&iﬂén@fhatt beovideohetloep sbitet 72
is attached to the main side of the |oop coil facing the IC card 1.

Inter Xadl pLby Eﬁﬁ@éﬁ% Aabeil @6 @%Mﬁi&%%ﬁ“ﬁ@ B ;[ .02‘92 zpafig "Q‘é* be

d
Communi FFavidss tﬁgaé‘@m"é&”eﬁé'vﬁ’aﬁéogSQt%riﬁf?@iﬁﬁiﬁkEPrec i Biseliadhrmet M 1 oop
antenna 70 can be produced as above. Nanely, the cubic asymmetric | oop

ant ennahidughehoke Bt throtgh svhicls thet magmetic sheeti72 is pensirateche nmagneti c sheet 72
i s penetrated through the through-hole 74 in the loop coil 71, laid on the

| oop coi |l Hihapga! Hacleg Wil Tl AlenRdhest Vo 72! drctabachal forach A, int he

magneti c sheet 72 Should preferably bBe relatively soft and flexible. In 27

Mar ch 20n%7d1recﬁ4on with the magnetic sheet 72 being penetrated at the narrow portlon 72b

thereof 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; facingthe ICcard 1. At thé léwer 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 fnain side of the loop coil 71, facing the IC 'c.ard 1.
Thus, at the upper winding séction of the loop coil 71 where the winding interval is
largé, the wide portion 72a of the magnetic sheet 72 can be attached to the
aforemenﬁoned' anténna recéptioﬁ concavity 97a of the communication terminal
“device 90. |
| The aforementioned cubic asymmetnc 1oop antenna 70 can be produced as above.
~ Namely, thc cublc asymmeulc 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 toj the latter. |

- Also, the magnet_ic' sheet 72 should préférably be relatively soft and flexible. In



this case, deformation of the nagnetic sheet 72 controls the defornmation of -
the upper and |lower w nding sections 71a and 7l b of the loop coil 71, so -
that the thickness Tl of the entire cubic asymretric | oop antenna 70 can
be reduced, as shown in FIG 33. In case the magnetic sheetMazhi280h5r
however, the upper and | ower w nding sections 7la and 71b of the | oop coi
71 will be deforned largely, so that the thickness T2 of the entire |oop
coil 70 will be large, as shown in FI-@4-34. In the foregoing, the present

i nventi on has been described in detail concerning certain preferred
enbodi nents thereof as exanples with reference to the acconpanying

drawi ngs. However, it should be understood by those ordinaril skilled in
t he ar tthisheset defopmetenof ithe/maginetic sheehd qomﬂﬁ%@ieﬂ@fqrﬁtﬂtmﬁﬂbéhﬁféHWﬁ but
can be nodified in various nmanners, constructed alternatively or enbodi ed

i n vari guslodiShindi §&tioht 4 und gRBIfithe Idoooil e, scihpetherttickmiess T, bfier eof
as set forth and defined in the appended clains. Industrial Applicability

As havi b Cr.i |« e06} | S
ccor di 16 O eRER SR ERE bR e RRF 0 Ep SeTeEeE R SEORARIAGRSEE Tn,
product Mst of saturation_.magnetization Ms and thjckness t, of 1he

magnet i Sdhe Eagartdp shed %ﬁa&g howeevghithe ugp%aﬁiq% WisdEiations fldsi te
to the main side facing the |1 C card, can be optinized to enhance the

di st ri batd Db of the loepreil 7l wilebd defornted largaly,siodbatthethisknesspl zof e f aci ng
the IC card, and provide a wi der range of comunications between the IC

card angyygé 1%*;% 68il 20041l bé furg&adahown neFIGA.R4AY . Therefore, the antenna
apparatus and t he communi cation ’
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 presént invention the specific perméabilit'y u’, and the product Mst of saturation
magnetizatioh Ms and thiékness t, of the magnetic member disposed to face the main
side of the Joop _coi‘I,A opposite to the main side facing the IC pgrd,‘ can be optimized to -
R _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 usi ng the antenna apparatus can be fornmed to be snmaller and have
a higher performance of communication. 27 March 2007 -46 CLAIMS 1. An

ant enna apparatus connected to a comuni cati on apparatus that nakes data
comuni cation with a contactless IC card by el ect romagnet & Masehdd47ve
coupling, the apparatus conprising: a loop coil for the el ectromagnetic

i nductive coupling; a nmagnetic nenber disposed to face the main side of the
| oop coil, opposite to the main side4facing the IC card, and having the
specific perneability ' and product Ms't of saturation nagnetization M
and thickness t thereof set on the basis of a range set for comrunications
wth the contactless IC card to be possible; and wherein the specific

per neatgadet/yriger B/'Whe Rherietarecthesantennd apualys and the ep@mEECHiGHuct M’ t

of saturation magnetization Ms and thickness t is 6 enu/cn2 or nore. 2.
The apappautis L@ﬁlliﬂie dnoérina dppagdtas oud bevoaned ro bbsmategnatd haveaidghdras a
coercive force of 100 e or less. 3. The apparatus as set forth in claim
1, whepei emﬂﬂﬂﬁﬁ%n r is formed froma soft magnetic material. 4.
The apggggPh%%és se gpgﬁﬁpﬁ'clain13, wherein the soft nagnetic nmateri al
is a sintered conpact of any one of anorphous alloy, Co-Cr alloy, Fe-Al

all oy, Sendust alloy, Fe-N alloy, Fe-Co-N alloy and a ferrite alloy. 5.
The apparatus as set forth in claim1l, wherein the magnetic nmenber has a
portion --- --- :



27 March 2007 47 wider than the outernost width of the w nding section of
the loop coil and a portion narrower than the innernost wi dth of the

wi ndi ng section, the wide portion of the magnetic nenber i i sed to
face the main side of the 1oop coil, opposite to the naiﬁﬁgﬂ%@ﬁgﬁgfng t he
IC card with the narrow portion being penetrated through the center of the
| oop coil, while the narrow portion is disposed to face a nain-side
portion of the loop coil, facing the I card and where the w nding interval
of the loop coil is narrow 6. The apparatus as set forth in claiml,
wherein the magnetic nenber has a pgg:igﬂ% wi der than the outernost wi dth
of the wi nding section of the | oop fp, portion formed between a pair
of cuts Pade g% one end and narrower than the innernost width of the

wi ndi ng l'sect4®fnteapy ABPHANF OAISHGetD R OBYNYHcaHEY WPREES Ak makes dir
portion between the pair of cuts, the wide portion of the nagnetic nmenber
bei ng di ¥yyBwHcationt witle a [wenteetlass JCdeardf by edectrpmagnetioi indudiiyp oedupbing, othe he
main side facing the IC card with the narrow portion being penetrated

t hr ough apperabsebmprisiigit he | oop coil, while the narrow portion is disposed
to face a main-side portion of the loop coil, facing the IC card; and the
pai r of edge floegedl foeilrgldirspagetic tniutdeaoifingiai n si de of the | oop coil,
opposite to the main side facing the 1C card. 7. The apparatus as set
forth in cl aidtinignenben@hber dipotedap & the infaid SideRA the RIBp ol piRsiMo@eng of
a conductor, whose sections opposite to each other across the center of the

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; and wherein the specific

permeability 1* of the magnetic member is 30 or more and the product Mst of saturation -

magnetization Ms and thickness t is 6 emw/cm? or more.

2. The apparatus as set fbrth in claim .1, wherein the magnetic member has a coercive force

Hc of 100 é orless.

3.  The apparatus as set forth in_ciaim 1, wherein the magnetic member is formed from a

soft magnetic material.

4. The 'apﬁaratus- as set forth in claim 3, wherein the soft magnetic material is a sintered

compact of any one 0f zimorphous alloy, Cb—C_r alloy, Fe-Al alloy, Sendust alloy, Fe-Ni alldy,
*" Fe-Co-Ni al_loy é.nd‘_.a ferrite alloy. |

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




27 - March 2007 -48 8. The apparatus as set forth in claim7, wherein the
mutual | y opposed w ndi ng sections of the |oop coil are different in
interval fromeach other in the direction in which the IC %%d 1‘5 _annned.
9. The apparatus as set forth in claim?7, wherein the | oop/ddrichi Q0% nal | er
than the loop coil at the ICcard, to which it is to be inductively

coupl ed. 10. A conmuni cation apparatus that nakes data comrunications with
a contactless IC card by el ectromagnetic inductive coupling, the

comuni cati on apparatus conpri sing: a"VOop coil for the el ectromagnetic

i nductive. coupling; a magnetic nber di sposed near a nefalli.c nenber

faci ng t KSEPHRR T SHETRIOS At QTahe Wishag SeERIotitheiops oo Xhapatien BETME | ng
the IC card, and having the specific perneability ' and product Mt of

sat ur at | BAR g gPnermostiwidth ofghemindingseckifss t t hereof set on the basis of a
range set for communications with the contactless IC card to be possible;
a nodul ati ng theside patiomelile magneficoacmbdrdcingrdisporddsioi face the ntafresidonf tiet | ess
IC card with a predeterm ned carrier frequency and supplyi ng the nodul at ed
dat a t o kohe dodppppmitt ;to ahel enaiol idet facpgnthank” tand w#hrabe Inatrow gpadida beiagei ved
by the loop coil fromthe contactless |IC card; and wherein the specific
per meabi penttyatedl thedughhthe bageraIlithe IWBPREI, Wisileade Ahrré® hortdAds Hiipose@ et V' t
of saturation nagnetization Ms and thickness t is 6 emu/cn2 or nore. 11.

The appamihlsficqforSe of ME ISy Eils bRiE thO 1C WaRY Bid whde tHEBIRBIL Gn®RADSS hBas a
portion w der than the outernpbst width of the w nding sectfion of the | oop

coi | andiogy coil is narrow.

6. The apparatus as set forth in claim 1, whereiﬁ the magnetic member ha_s 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 picces formed across the narrow portion between the pair of cuts,
the wide portion of ‘the maghetic 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 Aloop coil, while the narrow portion is disposed to face a
main-side portion of the loop coil, facing the IC card; and
- the pétir of edge pieces being disposed to face the main side of the loop coii, opposite
 to the main side facing the IC card.
© 7. The _appératus as set forth in claim 1, whefein the loop coil is formed from a plane
) wiﬁding ofa ICOnduct-or, \.n.fhose sectio_ns opf)osite to each other an;.:ross the center of the loop

coil are dispbsed to be different in interval from each other.



E

27 March 2007 -49 portion narrower than the innernost wdth of the w nding
section, the wide 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 being penetrated through the centdrMarcheRE7| oop
coil, while the narrow portion is disposed to face a nmain-side portion of
the loop coil, facing the IC card and where the winding interval of the

| oop coil is narrow. 12. The apparatus as set forth in claim 10, wherein
the magnetic nenber has a portion w d® than the outernost width of the

w ndi ng section of the loop coil, a portion fornmed between a pair of cuts
made at dne cHf WRIralsp sehderth aglairn'd Whesen fssmutipll ponesed Windingrastings
section, and a pair of edge pieces forned across the narrow portion between
t he pai rofdhe logp oil anealifisirend ipmitaryad fironf each ethengribe dicectiembewhible thegCdiasbiesed t o
face the main side of the I|oop coil, opposite to the main side facing the
| C card seagredt he narrow portion being penetrated through the center of the
| oop coil, while the narrow portion is disposed to face a nain-side

portion @f tTie dppaptus as ket fEreCiniing WHeretitd:lo@¢bill ib Smfledr th:af the deg cpil eces
bei ng di sposed to face the main side of the loop coil, opposite to the

mai N si de HeAd o, i ehickiGdbe itductiVhg cepftad at us as set forth in claim 10,
wherein one side of a surface of a housing of the antenna, on which the

| oop coifg isy %lﬁﬂﬁﬁiﬁgioni'aﬁpérgﬁlgﬁ'% HAREL &a ARt BRiohPREn §icHftaest REcAE

card.

- by ¢1ectr0magnetic inductive coupling, the communication apparatus comprising:

a foop 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 fnaih side facing the IC card, and having the specific permeability W’ and
product Ms't of saturation magnetization Ms and thickness t thereof set on the basjs of a range

- set for communications with the contactless IC card to be possible;
a m@dulating means for modulating data for transmission to the contactless IC card
- with a predetermined carrier ﬁeQuency and supplying the modulated data to the loop coil;

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

wherein the speéiﬁc permeability ﬁ’ of the magnetic mémber is 30 or more and the

‘ _' product Mst of saturation magnetization Ms and thiékncss tis 6 emu/c_:m2 or more,
-11. The apparatus as sét ‘forth in cl_aim 10, 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 throﬁgh 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.
12.. The apparatus as set forth in claim 10, 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_ _tﬁrohgh the center of the loop coil, while the narrow portion is disposed to face a
main—side portion of the loop coil, faﬁing the IC card; and

- the pair of edge pieces being disposed to face the main side of the loop coil, opposite to

the main Sidé facing the IC card. |
- 13. The apparatus as set forth in claim.. 10, wherein one side of a surface of a housing'o-f
the antenna, on which the loop coil is disposed, is formed shorter thz_m the long side of the IC

card.



