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i~ ~/ r'',~~~ i DESCRI PTION READER WRI TER DEVI CE AND U% QVATI C.
“TICKET GATE | NCLUDI NG THE SAME FOR CHECKI NG TI CKET 5 Techni cal Flerd TR
present invention relates to a reader/witer device and an automatic ticket
gate including the reader/witer device for checking ticke

t nd. in
particular, to a 10 structure of the reader/witer devi ceﬁﬂﬁwwwmmmm’rt
Such a wireless information transmtter/receiver includes :
information storage nedia (hereinafterl 15 referred to as "I C canrdsy+) and a
reader/witer device. For exanple, the wreless informat

transmtter/receiver can be applied to an automatic ti cket gm‘!mj ,m,’mmw m
passenger tickets or an entrance gpggdgodrsMgtem The | C car
antenna, an I C chip connected to 20 termi nals of the | oop antenrnapowand a
tuning capacitor on a main surface of a plastic card substrate. The
reader/writer device includes a |oop antenna, a nodul ator-denpdul at or
ci rcui t, RERDERY WORLY ER NBEV BEleAN I AUBOMAEYC CEICKENSEGATE TRCRUDDNGhEHEC card
by flowing electric currents nodul ated from25 13.56 Mz carrier with
transm t3AMID HGR aCHEOCKTNG | DDPKEDL enna,
5
Technical Field
The present invention relates to a reader/writer device
and an automatic ticket gate including the reader/writer

device for checking tickets and, in particular, to a

10 structure of the reader/writer device.

Background Art
Such a wireless information transmitter/receiver
includes wireless information storage media (hereinafter
15 referred to as "IC cards") and a reader/writer device. For
example, the wireless information transmitter/receiver can
be applied to an automatic ticket gate to check passenger
tickets or an entrance control system.
The IC card has a loop antenna, an IC chip connected to
20 terminals of the loop antenna, and a tuning capacitor on a
main surface of a plastic card substrate. The reader/writer
device includes a loop antenna, a modulator-demodulator
circuit, and a CPU. The reader/writer device transmits data
to the IC card by flowing electric currents modulated from

25 13.56 MHz carrier with transmitting data to the loop antenna,



- 2 and receives data fromthe IC card by flow ng unmodul ated el ectric
currents to the [oop antenna. \Wen the | oop antenna of the IC card gets
closer to the |oop antenna of the reader/witer device, the ternmnal of 5
the | oop antenna of the IC card produces induced voltage caused by the

el ectromagneti c i nduction. Accordingly, the IC chip, receives stable power
supply voltage and denodul ates nodul at ed waves to receive data transmtted
fromthe reader/witer device. Wien the IC chip transmts data 10 stored in
a menory thereof, the IC chip swi t ches? ter ni nal i npedance by changi ng the

| oad therein in accordance with the data. The reader/witer device detects
the | oad changes and denodul ates themto receive the data fromthe IC card.
Thus, thgnd Geasdvandabbe f@@ﬂefﬂéwtcetaQQngefgewmugigaﬁed&5ambah each

ot her. Subsequently, a higher |evel systemof the reader/witer device,
such as @leetputetuprentot ber trxt Boopl ahbénnant i on processing system
utilizes the data to, for exanple, check passenger tickets or control human
entrance (refiiiterd ochlapbomes eatinexaarn o dtiRat Bht cdppl geas | oo febl tcathen 20
No. 10-13312). In a |loop antenna 202 of such a reader/witer device, a flow
of el ectiocpcantenbai ofrbdecesadagheritef| dgescel, shbentenmkngl ¢f. The

arrow Wi th dashed line shown in Fig. 12 illustrates conbi ned nagnetic
fluxés othehkobpuzetennaund 25et B taog mnednnast akéncaforgliprge XII1-X 1 in
Fig. 11. That - 3 is, inside the |oop antenna 202, since_directions of

the magneaiiged| byethgenbeatsamagnAgicathdeghaons t AECPEEpNEAYenfiBe202 are
the same, an upward magnetic field having its maxi numval ue at the center
of the |56pchhpeﬁﬁae2mgsl§tsbé@n@puﬁédsupﬁl&oﬁpﬂaéae sofspgeodréargsp
antenna 202, the direction of magnetic fluxes generated along two ~
nelghbormﬁﬁué65§§ BFV?ﬁetP066C§hY@nﬁétEOQr?QSWégéﬁgeérPWo fhe direction of

tic fl ted along th hb
Accor di nP3SeE HERhRE: doRAGRet | ¥ FSeEBQnASREP”e'?Fa§%%8%§sgéiﬁerated af ter

h fl d. Si h der/
LeiﬂgﬁgP%Eé%eacgﬁﬁaeﬁéﬁaﬁg”ghgfefé SBoRroC hey SHBCEIa8 G THESRoop
t 202 d bed t d.sh h I
o 15 FogERRFa: B ChePaPRECARIRCER FOR 0 s fAc RO ARRRURLEar o w th

the 1C cgnd: olbat '%pea:?eapggwwtékgde%ceadg%etgomnueah' aaafpace M

also reférre 0 as Rhaving its maxi mnum val ue at t ent er of

the 'Oopaﬂgt89ﬂ8d89§tegstﬂéadeeeqebeéb@etheedgegpféeheeﬂa %@2cawﬁlle

smal | comuni cat1 on spaces S, also referred 20 to as "side | obes”

are prodgged, aEhEhﬁcpééthﬁhﬁ QhetB@abggpwa@E@@nae%Q%e tbor@s iheen by the
arrow in Fig/ I3, an I'C card 10 passes fromthe sub lobe S through the main

| obe 5V i pieneedihesther. (f saBskglientayl,i ahhiigheli devEl) syateamasniceat i on 25
error sonetimnmes occurs.
reader/writer device, such as a computer or another external
information processing system, utilizes the data to, for
example, check passenger tickets or control human entrance
(refer to Japanese Unexamined Patent Application Publication
20 No. 10-13312).
In a loop antenna 202 of such a reader/writer device, a
flow of electric current i produces magnetic fluxes H shown
in Fig. 11. The arrow with dashed line shown in Fig. 12

illustrates combined magnetic fluxes of the fluxes around

25 the loop antenna taken along line XII-XII in Fig. 11. That



- 4 That is, while the IC card 10 is passing through the first side |obe
.S, ah induced voltage is generated in the IC card 10. The IC card 10
receives initial data fromthe reader/witer device, and then transmts
initial data to the 5 reader/witer device. After the reader/witer device
receives the initial data, the 1C card 10 passes through a boundary B
between the side lobe S and the main | obe M where a magnetic field
sufficient for generating a predeterm ned i nduced voltage is not produced.
Since power 10 supply for the IC card 3s‘tenporarily bl ocked, only the IC
card is initialized. Subsequently, the IC card 10 enters the main | obe M
Al t hough the I1C card attenpts to receive the initial data fromthe

reader/ Wé j eIn§B¥é Cehe t D6op cagiechme i £@2, devhee dbrettespssotothentinue the
previ ous comuni cation in the side lobe S. As a result, the reader/witer

devi ce regamétsi¢ hf suxesmaemersitod aisnat ebchetdgenof hehéCloapd and t he
reader/witer device as a comunication error. 20 D sclosure of I|nvention
Accordi nghyennd 262 amrebileet sahe} henpupsend mageationfiel@rbeaividegan ant enna
unit of a reader/witer device that prevents a conmunication error by
suppr essing msaxitmhnbeslteraedthe aenbarenfiatbei lospgarhennd 202 is
reader/witer 25 device, to provide a reader/witer device and an
i nf oPmatgemerated. In contrast, outside the loop antenna 202, the
direction of magnetic fluxes generated along two neighboring
edges of the loop antenna 202 is reversed from the direction
of magnetic fluxes generated along the opposing neighboring
edges. Accordingly, a downward magnetic field magnetic flux
10 is generated after the magnetic fluxes are combined.
Since a power supply of the reader/writer device is an
AC power supply of 13.56 MHz, only one side of the looé
antenna 202 will be described. A magnetic field shown by a
dashed line in Fig. 13 is generated to form communication
15 spaces to communicate with the IC card. That is, as shown
in Fig. 13, a main communication space M, also referred to
as "main lobe", having its maximum value at the center of
the loop antenna 202, is produced inside the loop antenna
202, while smaller sub communication spaces S, also referred
20 to as "side lobes", are produced at the periphery of the
loop antenna 202.
If, as shown by the arrow in Fig. 13, an IC card 10
passes from the sub lobe S through the main lobe M in one

direction (from left to right in Fig. 13), a communication

25 error sometimes occurs.



processing systemincluding the antenna unit, and a commruni cation nethod
for the antenna unit, and also to provide a nethod for manufacturing the
antenna unit. According to the present invention, an antenna unit is 5
included in a reader/witer device whose signal processing circuit

comuni cates with a wireless informati on storage nmedium via el ectromagnetic
waves by bringing an antenna coil of the wreless information storage
medi um cl ose to the antenna unit. The antenna unit includes a | oop antenna
coil 10 segment formed on a substrat® 4rd conductor segnents formed at the
peri phery of the antenna coil segment on substantially the sanme pl ane of
the antenna coil. According to the present invention, the conductor

segnent s ar e 1dj3pased i ftha mReridhersy ofo the e e «oidugth wegment to
suppress an occurrence of the side |obes at the periphery of the antenna
coil segmerdt NuelBshei s, Tirl th@esed ab et Hye ai sogenet otedavhngha Doi f orm

t hi ckness (ideally, a perfect conductor having a uniformresistance) is
formed peipendd cul B yIONc&rdvlh 28csivéacendtiasbedsbadficortsegnent. Since
an electromagnetic field formed here is perpendicular to the electric
field neadectwobbgnedieeide el angetipendtcahanits {hittahddatartseghent

exi sts. Accordingly, when the antenna coil of the wireless information

st or 8ge resdemyappteachesithe chiidect ohe segadar/w6itarpdewicel , an i nduced
voltage is not generated in the - 6 antenna coil, thus inhibiting a
comuni catcaiveet Weeninhebal Adebadi biget 8Ct hergr é8epassagsehhronghsiince t he
conductor segnents are disposed at the periphery of the antenna coi

segnent ,becondamy cBtherwepacese astdaoloke edit eddi khehwainehsbs Mssoci at ed

wi th the conductor segments. Creating such_nonconmunication spaces in the
desired @rese auppresses HlebAntnfEaEiontefrsr IeRRERBEHNBgRt 0 t he present

i nvention, the conductor segnents nmay be di sposed at .any _locations in the
peripher@rﬁ@e%?r@h%e%n%%ﬂﬂgeéoVPlE%Q%Ehﬁ.n?Brpga BFEgsi ng*PHE B8Hfini cati on
errqr, the conductor, segments are EreferabLﬁ gbigo ed at gll hhe areas in

t he 10er i PRARPLY of OF hENGnfenfidr 8ol f SBYRBRELLHY FRePheRE¥diEPofF “segrent s
may be disggsed at.gnli.argas where the communication error is 15 likely to
occur WheRTEheSwHiere851Effor mati on storage nmedi um approaches. That is, the

i pher al wh t i.r el ' I t dj i dent al
BT baches M RABEHT oY o T BTt at ] O o€ e S Bta 008 (1 the
ayout, andy LNg,! phended.usg of (Lhg.Lepdetout Ler cAeviaee: 3¢ agkhng 20 the
appropriate location and area In accordance Wt this situation suppresses

the C0”“yygﬁgEEggggsggEgHgkegetuébzeé,fEEeaeesae§/%9&k9§eege@Ee and reduces

the cost. e antenna coil segnent according to the present
invenf i op. PBYpPS @BYc8haRRuel thBRYrBgidukeebangnliaatlanl gaprha siigeul ar
| oop, or any other shape. A rectangul ar
lobe S. As a result, the reader/writer device regards this
communication mismatch between the IC card and the

reader/writer device as a communication error.

20 Disclosure of Invention
Accordingly, it is an object of the present invention
to provide an antenna unit of a reader/writer device that
prevents a communication error by suppressing side lobes
formed in an antenna coil segment of the reader/writer

25 device, to provide a reader/writer device and an information



| oop antenna coil requires a conductor segment at the periphery of at |east
.one of the edges thereof. The follow ng nodification is preferable for the
5 10 present invention: If the conductor segnents at the periphery of the
antenna coil segnment are electrically connected to each other, the
conductor segnents formone coil, which may cause negative effect on the
communi cation of the antenna coil segnent. Therefore, at |east part of the
conductor segnents is electrically insulated to make the conductor segnents
el ectrical ly discontinuous. The fol I'ow rig nodification is preferable for
the 15 present invention: The conductor segnents can be fornmed fromthe
sane conductive pattern as that for the antenna coil segnent. To formthe
ant enna b de SEONER N y e t hec TONWEG t Bie SegP@MAs i 0P) tAgdsame material, a
conductive |layer may be fornmed on a main surface of an insulating

subst r at@mmaih ddieion heet0o® Bot efie £oténseourit, anddt ABscobduct or
segnents may be fornmed by etching. Creating the antenna coil segnent by the
conduct ipmoR?idead tiesthddr iet manthectusihat thg swbshnatenatl ows the
conductor segnents to be fornmed in the sane manufacturing step. A | ow cost
ant enna uni t Pcarodus rpy dd dece qomgesaTed dtroven tieoTuf aat e e e turoidk | 3 whi ch
conductor segnents manufactured in another step are bonded at the periphery
of 25 thmeahtdewhainos | reegee/writedi dévhae| yhoser aiagal herocessyng
conductor segnents by the sane conductive pattern as that for the antenna
coi | segmerculpprovmenieetessvitbninglbelepe &0RAEREBECBefhBARICt 0 the
antenna coi|l segnment, thereby further decreasing an occurrence of the
cormmuni dREA M eY + r 8l e Gt Fema Giee FbF eWaYef PHgPE hBIEBAdARt Pt 8BRReRPilby t he
sanme conductive pattern as _that for the antenna, coil  segnent advantageously
el i m nates &R a8} tetpent 1BFOrRAL { ORi AECFREGUBREYRoRPIP dtPotgﬁe

manuf acturing nmet hod i n_whi ch conduct or segfegts naEufactU£ed Ln angther
step area%%%@%ﬂ unit. The antenna unit 1nfludes a 100Op antenna col

10 segment formed on a substrate and conductor segments formed
at the periphery of the antenna coil segment on
substantially the same élane of the antenna coil.

Aécording to the present invention, the conductor
segments are disposed at the periphery of the antenna coil

15 segment to suppress an occurrence of the side lobes at the
periphery of the antenna coil segment.

An electric field generated by a conductor having a
uniform thickness (ideally, a perfect conductor having a
uniform resistance) is formed perpendicularly on a main

20 surface of the conductor segment. Since an electromagnetic
field formed here is perpendicular to the electric field, no
electromagnetic field perpendicular to the conductor segment
exists. Accordingly, when the antenna coil of the wireless
information storage medium approaches the conductor segment

25 in parallel, an induced voltage is not generated in the



10 at the periphery of the antenna coil segnment. The antenna unit according
o the present invention can be applied to a reader/witer device in which
a communi cation is perforned between a signal processing circuit and a
wireless informati on storage nmediumw th 15 el ectromagneti c waves i nduced
by coupling an antenna coil of the wireless information storage nedi um and
the antenna coil segnent. Additionally, the antenna unit according to the
present invention can be applied to an_ information processing system 20
including a reader/witer device in Wfch a comunication is performed with
el ectromagneti ¢ waves i nduced by coupling an antenna coil of a wreless

i nformati on storage nedium and the antenna coil segnent of the

reader / Wi ¢ &in&levd £, Wighs t hign 1€l 8§Sai Bbantnt £801i6h ObagResBdtHEN.
relatively gets 25 close to the reader/witer device. The information vV

g _ processérg@inystemhacpusdesnt f ofivexaiphe, séntéckieé gah@utbatr processes
ticket data after wireless transm ssion and reception of the data, and a
mobi | e phemererns &r£DA sposed eatl théopartpbaryrom ahd antéenantoiimtion to
a contactless 5 information medium According to the present invention, the
wi r el esssegrientat camsh bcageonespacesayrbenof angatgpeinFoheezaapbe, it may
be an 1 C card; however, the wireless information storage nediumis not

| i m ted damsectatred WdthekbeptendubeoiOsegmehness i Afeahangoaushonage nmedi um
according to the present invention includes information technol ogy

equi prentomhianicatbepospeess ahn | thehfipsi hedephcagusuPRse&SABLRI e phone.
Brief Description of the Drawings 15 Fig. 1 shows a structure of a wireless
i nf or mat toAMER @3 EL @R eerF@Eei ver according to an enbodi nent of the present

invention; Fig. 2 is a diagramof the equivalent circuit of the wreless
i nformation thGaRARRT RIS SRRl B PR Hon ; the conductor

segments may be disposed at any locations in the periphery

10 of the antenna coil segment. For suppressing the
communication error, the conductor segments are preferably
disposed at all the areas in the periphery of the antenna
coil segment; however, the conductor segments may be
disposed at only areas where the communication error is

15 1likely to occur when the wireless information storage medium
approaches. That is, the peripheral area where the wireless
information storage medium accidentally abproaches may
depend on a mounted location of the antenna coil, the layout,
and the intended use of the reader/writer device. Selecting

20 the appropriate location and area in accordance with this
situation suppresses the communication error, miniaturizes
the antenna coil segment, and reduces the cost.

The shape of the antenna coil segment according to the

present invention may be any shape; it may be a rectangular

25 loop, a circular loop, or any other shape. A rectangular



20 Fig. 3 is a plan view of a whole antenna unit according to an enbodi nment
JOof the present invention;, Fig. 4 is a sectional view taken along line IV-1V
in Fig. 3; Fig. 5is a plan view of a whole antenna unit according 25 to
ant her enbodi nent of the present invention; 1- 10 Fig. 6 is a plan view
of a whole antenna unit according to another enbodi ment of the present

i nvention; Fig. 7 is a plan view of a whole antenna unit according to

anot her enbodi nent of the present invention; 5 Fig. 8 is a plan view of a
whol e antenna unit according to anothef embodi ment of the pr esent

invention; Fig. 9 is a sectional view of magnetic fluxes of the antenna
unit according to the enbodi nent of the present invention; 10 Fig. 10 is a

sectional oyp edhOénfa NBENEL teqhietd af cbh@uadbensagreht aecending to the
enbodi nent of the present invention; Fig. 11 shows magnetic fluxes of a

known anpepnghenytofFag. 1ddstsoneseft thaakdyeswhérebe. magnetic fluxes of
15 the antenna unit shown in Fig. 11;
The following modification is preferable for the
present invention: If the conductor segments at the
5 periphery of the antenna coil segment are electrically
connected to each other, the conductor segments form one
coil, which may cause negative effect on the communication
of the antenna coil segment. Therefore, at least part of
the conductor segments is electrically insulated to make the
10 conductor segments electrically discontinuous.

The following modification is preferable for the
present invention: The conducfor segments can be formed from
the same conductive pattern as that for the antenna coil
segment. To form the antenna coil segment and the conductor

15 segments from the same material, a conductive layer may be
formed on a main surface of an insulating substrate, and
then the loop antenna coil segment and the conductor
segments may be formed by etching.

Creating the antenna coil segment by the conductive

20 pattern formed on the insulating substrate allows the
conductor segments to be formed in the same manufacturing
step. A low-cost antenna unit can be provided compared to a
manufacturing method in which conductor segments
manufactured in another step are bonded at the periphery of

25 the antenna coil segment. Additionally, forming the



Fig. 13 is a sectional view of a magnetic field of the antenna unit shown
Jn Fig. 11; and Fig. 14 shows an automatic ticket gate including a
reader/witer device according to the enbodi nent of the 20 present

i nvention. Best Mbde for Carrying Qut the Invention Enbodi nents of the
present invention will now be described with reference to the acconpanying
drawi ngs. 25 Fig. 1 shows a structure of a wireless information - 11
transmtter/receiver according to an enbodi nent of the present invention.
Fig. 2 is a diagramof the equivalent &iTcuit of the wireless information
transmtter/receiver shown in Fig. 1. 5 The wireless information
transmtter/receiver according to an enbodinent will now be described with
referenceoh@uEt s sdgdgt 2. b vhéekess tohauaBiveNphtaasni bketheecei ver 1
includes an IC card 10 and a reader/witer device 20, which respectively
correspofértohd dhtehessconi osaghentd 1lpsboeagehaegoyit apdingr eadenbw iter
devi ce according to the present invention. The IC card 10 has an antenna
coi | 100-ahdicbt 6pNSéghehes B8O BhRéEeantehhaetbil agetenbj pti20ebgnd a tuni ng
capacitor 140 to tune a signal frequency of the antenna. 15 The I1C chip 120
i ncor poraheshar r@etréasingi anubtch2tenaestodbidhez ecbnpowueirc sstuippl yext s t
122, nodul at or-denodul ator circuits 123 and 124, a nenory 125, and a CPU or
a se@quencerti@fmobat afosminmgttka conduahdrr eadménbm bliethensapel25 by

Wi rel ess comuni cation with the reader/witer device 20. 20 The

reader / weon@ucteve ceabernceadeBatnfant Ehaaankenrn200oihhFeamenhct i ons as an
antenna and corresponds to the antenna unit according to the present

i nvent i oddvanhederas by - ebipanahesr agi pdinetpent afdthecPun2pg. The
reader/witer device 20 transmts data to the IC card 10 by 25 flow ng

el ectri cTEQRVRREY AOBRRAECEdEPr BRP 1B2BBIRFEUEARE| BREhOd 1n Which

conductor segments manufactured in another step are bonded
10 at the periphery of the antenna coil segment.
The antenna unit according to the present invention can
be applied to a reader/writer device in which a
communication is performed between a signal processing
circuit and a wireless information storage medium with
15 electromagnetic waves induced by coupling an antenna coil of
the wireless information storage medium and the antenna coil
segment.
Additionally, the antenna unit according to the present
invention can be applied to an information processing system
20 including a reader/writer device in which a communication is
performed with eléctromagnetic waves induced by coupling an
antenna coil of a wireless information storage medium and
the antenna coil segment of the reader/writer device when
the wireless information storage medium relatively gets

25 close to the reader/writer device. The information



- 12 wth transmtting data to an antenna coil, and receives data fromthe
JCcard 10 by flow ng unnodul ated electric currents to the antenna coil.
The nodul at or -denodul ator circuit 210 and the CPU 220 correspond to a
signal processing circuit 5 according to the present invention. Wen the IC
card 10 gets close to the antenna coil of the reader/witer device 20,
termnals of the antenna coil 100 of the IC card 10 produce an induced
vol t age caused by the el ectromagnetic jnduction. Accordingly, the IC chip
120 10 receives a stable power suppryf%d1tage fromthe induced vol tage and
denodul at es nodul ated waves to receive data transmtted fromthe
reader/witer device 20. On the other hand, when the IC card 10 transmts
data st gyestddsine gﬁpﬁ@m 1251 ided hef s pasieartple | ea tlhvkse @drettiwatds I1C
card 10 changes th d Z in accordance with the data. The reader/witer
devi ce raidesds thekdvadh chanfesr ofitdibe snt eraasndssid®lamd the 1 C card
10 and denodul ates them Accordingly, the IC card 10 transmts the data to
t he readssdaptiien dfviice @Dta20aridius, mebhkl egplacns s4mdnsnPDA edhaind recei ved
between the IC card 10 and the reader/witer device 20. Subsequently, a

hi gher |msed IyStemiofon hEroraued /writerinfeimat 2on soch easnbadbsessonput er
or an information processor in an automatic ticket gate, can utilize the
dat a5t o, i brrrextigt enedhetck 25 passenger tickets or control hunman entrance.
- 13 Fig. 3is a plan view of a whole antenna unit according to the

embodi nent offadeE Presdit tihey @rasent FAinyentian e tigifless ew t aken al ong
line IV-1V.in Fig. 3. As shown in Figs. 3 and 4, an antenna coil of the 5
reader/vwmﬁQﬁm%ﬁw@%esQ@r%%%dW%ﬁ%@Pt%aYh%eeﬂ%oﬂPheﬁYp?nclEﬂ%seéﬁmPﬁ§ulatlng

substrate 201 nmade of i mde resin or geth ene na thalate

( PEN) re%?rmaﬂTﬁﬁlﬁ%u¥ SubS ?% grzbﬁe|§lr$§? BxahppEmail

t hi ckness. A rectan ular | 00 nt enn 02_nmad per al u nun1|s 10
f or ned s%&%¥%ﬁﬁ|%ﬁ?§u%11?h%° e %%?t%ﬁ %ﬂe o?afﬂe ngfﬁ %ﬁ??%%%s €t he

2 :Q?te'@%:g%t%i%%f‘%ﬁoammﬂal 0243392815, REAP-g0d5 o8 Lhe, begapt enna
15 A LnE Per TRyt RRE Hher 82@%?3%@‘%3%8 SRELRRS éeﬁha%?cn“ s
di sposed; gibs géé@%t@%naic of gfegﬁge?iﬁ] t8echnsy! athags subsheabe 201,

conduct or are & sanme copper or al Um num conductive
pattern as that of the |loop antenna 202. The conductor segnents 203
correspond 20 to side | obe suppressing nmeans according to the present

'nve”t'O@rlé?eDQQBPﬂﬁﬁiaﬁ pattgenpefwiRgsantenna coil segment, which
constitute the | oop antenna 202, and thée conductor segnents 203 are, for

exanpl e, 16 -#igl n.Ltéh&@%%tﬁdbtp@fél@ﬂlaarmfémes:@nmmrm&mtern of the
conduct or
transmitter/receiver according to an embodiment of the
present invention;
Fig. 2 is a diagram of the equivalent circuit of the
wireless information transmitter/receiver shown in Fig. 1;
20 Fig. 3 is a plan view of a whole antenna unit according
to an embodiment of the present invention;
Fig. 4 is a sectional view taken along line IV-IV in
Fig. 3;
Fig. 5 is a plan view of a whole antenna unit according

25 to anther embodiment of the present invention;



25 segnents 203 is preferably uniformin thickness. 1- 14 1In the
.antenna unit 200 shown in Fig. 3, each of the four rectangul ar conductor
segnents 203 is forned at the periphery of the correspondi ng edge of the
rectangul ar | oop antenna 202 and has a predeterm ned width. The conductor 5
segnents 203 are separated fromeach other for an electrically insulating
purpose. The | engths of the conductor segnents 203, which are disposed at

t he periphery of the edges of the | oop_antenna 202, are preferably greater
than or substantially equal to thosé P ifespective edges of 10 the | oop
antenna 202. The wi dths of the conductor segnents 203 are preferably |arge.
This is because a length greater than that of the antenna coil segnent and
the largest paspily e snadtdl easiilew SMRY eatolan acmnnenge ofaddwerdine | obe
S. The details are described bel ow. 15 However, the conductor segnents 203
may be o netbéise f odhiov@imémt asEotdanseeseht threeappbneati on of the
wireless information transmtter/receiver 1 (for exanple, an information
processi ng offilg.cKetisgat eglamn widw ant e cdrilelgntoenres reyitstarcérd iorgrat i on
processing), a position and |layout 20 of the antenna unit 200, or the IC
card 10 appzmacte ngenbodthénn. ofi goe Bresedt airvvehhhoni ews of whol e ant enna
units 200 according to other enbodinents. An antenna unit 200 shown in Fig.
5 ha$ a rect &gl & 125 4 aoprafti@nL R0 Wirlbhanienr Wilh 3ereededof the
- 15 insulating substrate 201. The conductor segnents 203 are forned at

t he peripheryobiier heleodiment PhethouPredges 6RVERELPBOHp antenna coil 202.
An antenna unit 200 shown in Fig. 6 has a_ rectangul ar_ | oop aptenna 202 on
one of the méi¥E 5 SursT e FH 1! i vl RF MpFRST a@eu’ﬁ%g.oﬁ'h%h%onduct or
segnents 203 are formed at {he erigher of . two ou% g% t he fOU£ edges of
the | oop2RReRPAaUBLE | 2002rdERgt her thaneBRPE RGN GNP 8 BRGWRA"Fn Fig. 7 has
a rectangul ar | oop antenna 202 on one of the nain surfaces of the

i nsul ati AgVeBtseBstrate 201. The conductor segment 203 is forned at the

perigery. of S0 o £ {he o efsge giot e Jegpoentona soil 20, In
Segnentsagggnggeugg£ QééggéﬁggaES the embodiment of the present
iﬁvention; |
Fig. 11 shows magnetic fluxes of a known antenna unit;
Fig. 12 is a sectional view of the magnetic fluxes of
15 the antenna unit shown in Fig. 11;
Fig. 13 is a sectional view of a magnetic field of the
antenna unit shown in Fig. 11; and
Fig. 14 shows an automatic ticket gate including a

reader/writer device according to the embodiment of the

20 present invention.

Best Mode for Carrying Out the Invention
Embodiments of the present invention will now be
described with reference to the accompanying drawings.

25 Fig. 1 shows a structure of a wireless information



15 preferably used for areas where the I C card 10 does not approach or the
JCcard 10 is difficult to approach depending on a position of the antenna
unit 200. The conductor segnents 203 require their own spaces, thus
i ncreasing the size of the antenna unit 200. Accordingly, 20 the antenna
unit 200 can be conpact and cost-effective by nounting the conductor
segnents 203 in the mninumarea that effectively suppresses a
comuni cation error caused by the occurrence of the side lobe S. Fig. 14
shows an exanple in which the reader/ wti fer 25 device is nounted in an
automatic ticket gate for railroads. 1 - 16 As shown in Fig. 14, an
automatic ticket gate 30 includes the reader/witer device 20, which reads
ticket it Oidmit s stoEelven ddbeocOnGctdess éfboatmedd, obnthe top surface
of the body of the automatic ticket gate 30. A rectangular 5 antenna unit
200 is dbspesed Divédeieniraptg. sk desod dhegtap sfirfheecqiiithbentt onatic
ticket gate 30 and generates a nmain | obe on the upper space by the antenna
coi | to cormubht caf etivé twi tdbesonimfoiessidC cransidt t&agsengivsroften
m stakingly hold out the IC card 10 at a position little 10 short of the
ant enna stodwn i intiheg paksi ng direction or outside of the inside edge,
nanmel y, a passenger side of the antenna coil segnent. In this case, as
showd in Fi g.Ths wmmﬁjmﬁnrr@glmt@rmmteemﬁwmmqw%ims
closer to the passenger in the passing direction shown by arrowin Fig. 15
6, and ne? @m ¢mhp@nm@mttvbl%|@@§ b¢h8§5§¥%9@@uVétbr69f§é§nBStHoprevent|on
of a communi cation error_and the conpact, |ow cost antenna unit 200. The
conduct ofi@2gnknt’d 293 n%ywbéeﬁ?§%oé@§°5ﬁth%npFBiPﬁﬁFtE?HérﬁﬁﬁlYﬁé di st al
side, and not_on right_and |eft sides. ng Zs shown ;i n Flgé 5to 7 20
are not likreeeded am %ﬁt%ﬂﬁ@l% t fRfet 53?@ rAWGLvSFi 68%168neP s changes and
nodi fications can be therein. Additionall a sha e _of .the antenna
coi | segtiheh o¥e§R%c%hY% NaCahF£5B8D |E°n6tWFF%%?Eﬁ Pﬁ@aFé8Pangular | oop
sho in Fi . For. exa rcul.ar op_sho 25.1n g. 8 may

ﬁﬁblo@%ﬂgagﬁ $%u%xﬁﬂﬁlﬁ r g?#éUFé#eFogﬁVlce Qi9°r§nPgnﬁg EE segnent
|s formed _on ope, of ge mai n surfaces of the insulating substrate 201. At
t he perl%ﬁ%?ﬁn fl?ﬁgn hP8nna coil, four conductor segnents 203 are di sposed
at eqU|anguI I I i d the 5 antenna

. Al & erﬂq ereniial ly spagad. QG106 oLl

coil segnent. he  conduct or segnents not be di sposed at

seament B ey be T EpRRGaT A BT ERLl Tare of TPherntr fomeral Arog of the
circular.Loopiaptennd €8i Lune a signal frequency of the antenna.

15 The IC chip 120 incorporates a rectifier circuit 121, a
stabilized power supply circuit 122, modulator-demodulator
circuits 123 and 124, a memory 125, and a CPU or a sequencer
126. Data is written into and read from the memory 125 by
wireless communication with the reader/writer device 20.

20 The reader/writer device 20 includes an antenna unit
200, which functions as an antenna and corresponds to the
antenna unit according to the present invention, a
modulator-demodulator circuit 210, and a CPU 220. The

reader/writer device 20 transmits data to the IC card 10 by

25 flowing electric currents modulated from 13.56 MHz carrier



10 Wth reference again to Figs. 3 and 4, the insulating substrate 201 and
the antenna coil segnment can be produced froman insulating substrate of a
predet erm ned size bonded with a copper or alum numfilm The copper or
aluminumfilmis patterned into a desired antenna coil segment, and then 15
unnecessary parts are renoved by etching. In this case, the conductor
segnents 203 are forned in the sane patterning and etching steps.
Manuf acturing the antenna coil segnent and the conductor segnents 203 in
the sane patterning and etching steﬁsléeereases the total manufacturing
steps and 20 the cost. In addition, since the antenna coil segnent and the
conductor segnents 203 are fornmed by patterning and etching, positioning
accur acywishrepahkabtyihgpasvedeoFant Brt 8BNE, cONLY kAdt kateadepstgeat of
the tuning frequency is necessary, thus considerably sinplifying the
adj ust mefitom 26hdhus, cahe aotepnalowihg20fimbsuaehedvetlecAddict corakhys - 18
filler resin layers 204 made of epoxy resin and al so external packagi ng
resin | ayersheaeadetefnpotyil hyl Ehe medephtbaldemodayaberf oimedion2b6t h nain
surfaces of the antenna unit 200. Fig. 4 shows an exanple in which only the
5 fill eran@sthel @yér2204cosréspord. tdhe pigneilppeothasisgppisssés an
occurrence of the side lobe S will now be described. An electric field E
generbat egcbyrdhegcbadubeoprsegnenisveoB8ihavi ng uni form t hi cknesses is
fornmed perpendicularly on 10 a nmain surface of the conductor segnments 203.
Since an el edirondgretIC ¢aed dl H Ik el mee et sther pebemeal @1t oCfhe
electric field E, no el ectromagnetic fields H perpendicular to the
conduct oFhgegheAes/vodtexi deviFpgd0, otgrBirglar efsEbEi BRAPNPPefOIof the
magnetic_15 fluxes and the magnetic fields of the antenna coil agcording to
S

the embod?HeRf, thespecfryel yO PAORIGS. 25 4RAUEES VRETEERAGEESFOsEYnents 203
eqmont | The BRSeFBBACRBBIE, TPAECEBRrr oRBGRETLEOR el HCHT o PARIED! ar 20
(0 Sl B SHaLoge i e SopveL Sea s qmLa 20 o 0l SR A
oS L o o SRR A U B L M R hafEe o e,
25 203, Lhat skt LhPREOAPE Y UBLALDIN 2L ERMYERLAN3L W and the T
On the other hand, when the IC card 10 transmits data
stored in the memory 125 to the reader/writer device 20, the
15 IC card 10 changes the load Z in accordance with the data.
The reader/writer device 20 detects the load changes of the
antenna coil 100 of the IC card 10 and demodulates them.
Accordingly, the IC card 10 transmits the data to the
reader/writer device 20.
20 Thus, the data is transmitted and received between the
IC card 10 and the reader/writer device 20. Subsequently, a
higher level system of the reader/writer device 20, such as
a host computer or an information processor in an automatic

ticket gate, can utilize the data to, for example, check

25 passenger tickets or control human entrance.



- 19 side lobes S, which should occur in the areas associated with the
.conductor segnents 203, disappear. Consequently, when the antenna coil 100
of the I1C card 10 approaches the conductor segnments 203 in parallel, an 5

i nduced vol tage does not occur in the antenna coil 100, and therefore a
comuni cation, such as exchange of initial information, between the IC card
10 and the reader/witer device 20 is not perforned. This elimnates a
comuni cation error due to a presence of the side |lobes S, as described 10
above. Also, the main | obe M expands fiéwards the conductor segments 203.
The above-descri bed enbodi nents are described nerely for purposes of
illustration and are not limted to the present invention. Therefore,
various changes; and {15 J1gh £ GALdPNSE CANIREL dTBEie: d/0n 4 hen ot esmas saang t hei r
equi val ents di sclosed in‘the enbodi ments wi thout departing fromthe spirit
and scopgo ofné h&nﬁ@&fxﬂéh@nofF@ﬁee%S_@@Eéﬁt ah{BAYYLnt heragt eanascail is
formed on one surface of the insulating substrate 201 in the above 20
descri begeepbediept sw thReANLEBAG TOLE MayIbeigompgsed.of transmitting and
receiving antenna coils, which are separately nounted on two surfaces of
the insul ati rgs dihsin atre P0ds. |3 4id S4 case, atthenconcoicl os £ selgeent s 203 may
be di sposed on either one surface or both surfaces of the 25 insulating
substy at ee2@dr/writ@0 dédsides2fi bedoalibug, tactbedembotdmehe pnededes

i nvention, an antenna unit that prevents a comrunication error by

suppr essangissdkat bhesstibstredtby28h matennd polyimédmedPIof rasivader/ writer
device, and a reader/witer device, an 5 information processing system and
a communpelyébhytenaodabphthadehg tRENAnreAds-unfhecansyéapisgi ded. Al so, a

met hod for manufacturing the antenna unit can be provided. - 21
substrate 201 is, for example, 1 mm in thickness.

rectangular loop antenna 202 made of copper or aluminum is

10 formed substantially at the center of one of the main
surfaces of the insulating substrate 201. Terminals 202a at
both ends of the loop antenna 202 are connected fo a signal
processing circuit board, on which the modulator-demodulator
circuit 210 and the CPU 220 are mounted, via wires.

15 At the periphery of the four edges of the loop antenna
202, which is disposed substantially at the center of the
insulating substrate 201, conductor segments 203 are formed
by the same copper or aluminum conductive pattern as that of
the loop antenna 202. The conductor segments 203 correspond

20 to side lobe suppressing means according to the present
invention. The conductive pattern of the antenna coil
segment, which constitute the loop antenna 202, and the
conductor segments 203 are, for example, 16 um in thickness.
In particular, the conductive pattern of the conductor

25 segments 203 is preferably uniform in thickness.



CLAIMS 1. Areader/witer device conprising: an antenna unit conprising an
Jnsulating substrate, a 5 loop antenna coil on the insulating substrate,
and conductor segnments at the periphery of the antenna coil, the antenna
coil and the conductor segnents being in substantially the sanme pl ane

wi rel ess communi cation nmeans for transmtting data to 10 and receiving data
froma wreless information storage nediumin the formof el ectromagnetic
waves output fromthe antenna coil; and a processing circuit for processing
the data wherein, an occurrence of Codftufi cati on spaces in the 15 spaces
corresponding to the conductor segnents is suppressed. 2. The reader/witer
devi ce according to Claiml, wherein the |oop antenna coil is rectangul ar

or circular. 13, tHe Frfaeerd Wriitter2 e Wik Gaoriiqg 3,0 dai 2, tiwherein the
conductor segnents are disposed at the periphery of at 20 | east one of the

edges offdle rectangular tonpuensensegmonts 203 The fenaded/ atitke device
according to Claim3, wherein the length of the conductor segnents is

greater gdweiplsrgubsSt e i @bt yeeotiadihg édgel efigthe ofeotengfiléheledges of
t he rectangul ar | oop antenna coil, and the width of the 25 conductor
segnent santsegiea2 @ dmdrhiadea wrkteoérmiwed width. The conductor
5 segments 203 are separated from each other for an

electrically insulating purpose. The lengths of the

conductor segments 203, which are disposed at the periphery

of the edges of the loop antenna 202, are preferably greater

than or substantially equal to those of respective edges of

10 the loop antenna 202. The widths of the conductor segments
203 are preferably large. This is because a length greater
than that of tﬁe antenna coil segment and the largegt
possible width easily suppress an occurrence of the side
lobe S. The details are described below.

15 However, the conductor segments 203 may be formed as
follows, in accordance with the application of the wireless
information transmitter/receiver 1 (for example, an
information processing of ticket gate, an entrance control,
or a register information processing), a position and layout

20 of the antenna unit 200, or the IC card 10 approaching
direction.

Figs. 5 to 8 are plan views of whole antenna units 200
according to other embodiments.

An antenna unit 200 shown in Fig. 5 has a rectangular

25 loop antenna 202 on one of the main surfaces of the



- 22 rectangular I oop antenna coil. 5. The reader/witer device according
to daim1l, wherein the conductor segnents are electrically discontinuous.
6. The reader/witer device according to Claiml, wherein 5 the conductor
segnents are disposed in the areas adjacent to the proximl end and the

i nner side of the antenna coil in the noving direction of the wrel ess
informati on storage nedium 7. The reader/witer device according to C aim
1, wherein 10 the conductor segnents are disposed in the areas adjacent to
the proximal end and the distal end-ofSthe antenna coil in the noving
direction of the wireless information storage nedium 8. The reader/witer
devi ce according to Caim1l, wherein 15 the conductor segnents and the

antenna codh1 2 tnd osibs ita 30 N9l eTkONEBEdh Yo FBE&Fmehts 920Thgre
reader/witer device according to Caim1, wherein the conductor segments

and the sstmedaatothe aperishiary by prRtéeroingon thadichivedyayeston a main
surface of the 20 insulating substrate with an etching process. 10. An
aut ormat i€hé i thkep gatenfiarcebeckDRg t Aakehseaorpruinditn@ Ottheshroead el ViFiig .er
device according to Caim1, wherein the reader/witer device wirelessly
conmuni céitless wa t hedhengqul &t essopoantencat 202 oedouen of ABhaANnANIA; . AN. Al . Al
Al Au. A Ala. A LA . Aa. A A AN Aa. Au. A% . A. Au
5 surfaces of the insulating substrate 201. The conductor

segments 203 are formed at the periphery of two out of the

four edges of the loop antenna coil 202. Further, an

antenna unit 200 shown in Fig. 7 has a rectangular loop

antenna 202 on one of the main surfaces of the insulating

10 substrate 201. The conductor segment 203 is formed at the
periphery of one out of the four edges of the loop antenna
coil 202. | |

In these modifications, peripheral areas of the edges
where the conductor segments 203 are not disposed are

15 preferably used for areas where the IC card 10 does not
approach or the IC card 10 is difficult to approach
depending on a position of the antenna unit 200. The
conductor segments 203 require their own spaces, thus
increasing the size of the antenna unit 200. Accordingly,

20 the antenna unit 200 can be compact and cost-effective by
mounting the conductor segments 203 in the minimum area that
effectively suppresses a communication error caused by the
occurrence of the side lobe S.

Fig. 14 shows an example in which the reader/writer

25 device is mounted in an automatic ticket gate for railroads.
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mistakingly hold out the IC card 10 at a position little
10 short of the antenna coil in the passing direction or
outside of the inside edge, namely, a passenger side of the
antenna coil segment. In this case, as shown in Fig. 6, the
conductor segments 203 are disposed on two sides closer to
the passenger in the passing direction shown by arrow in Fig.
15 6, and not on the other two sides. This structure provides
both prevention of a communication error and the compact,
low-cost antenna unit 200. The conductor segments 203 may
be disposed on the proximal side and the distal side, and
not on right and left sides. Examples shown in Figs. 5 to 7
20 are not limited to an automatic ticket gate, and various
other changes and modifications can be made therein.
Additionally, a shape of the antenna coil segment of
the antenna unit 200 is not limited to the rectangular loop

shown in Figs. 3 to 7. For example, a circular loop shown

25 in Fig. 8 may be employed. In this example, a circular-loop
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xV7_=! MR8 ) cobMb198@mént is formed on one of the main surfaces

MBL1O%&R' () -!1MBLO%T& ()-! | MBLOY&' ()-! kKMBLO%&' () -

&~ =!I\ @ 0RE (Jn&l DRI Y- sulfeate- BO10TI AtOThe periphery of the
antenna coil, four conductor segments 203 are disposed at
equiangularly circumferentially spaced locations around the

5 antenna coil segment. However, the conductor segments 203
need not be disposed at four equiangularly circumferentially
spaced locations. The conductor segment 203 may be disposed
in at least part of the peripheral area of the circular loop
antenna coil.

10 With reference again to Figs. 3 and 4, the insulating
substrate 201 and the antenna coil segment can be produced
from an insulating substrate of a predetermined size bonded
with a copper or aluminum film. The copper or aluminum film
is patterned into a desired antenna coil segment, and then

15 unnecessary parts are removed by etching. 1In this case, the
conductor segments 203 are formed in the same patterning and
etching steps. Manufacturing the antenna coil segment and
the conductor segments 203 in the same patterning and
etching steps decreases the total manufacturing steps and

20 the cost. 1In addition, since the antenna coil segment and
the conductor segments 203 are formed by patterning and
etching, positioning accuracy is remarkably improved.
Furthermore, only initial adjustment of the tuning frequency

is necessary, thus considerably simplifying the adjustment.

25 Thus, the antenna unit 200 is achieved. Additionally,
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antenna unit 200. Fig. 4 shows an example in which only the
5 filler resin layer 204 is formed.
The principle that suppresses an occurrence of the side
lobe S will now be described.
An electric field E generated by the conductor segments
203 having uniform thicknesses is formed perpendicularly on
10 a main surface of the conductor segments 203. Since an
electromagnetic field H formed here is perpendicular to the
electric field E, no electromagnetic fields H perpendicular
to the conductor segments 203 exist.
Figs. 9 and 10 are sectional views of the magnetic
15 fluxes and the magnetic fields of the antenna coil according
to the embodiment, respectively. In Figs. 9 and 10, the
conductor segments 203 are formed at the periphery of the
two opposing edges of the antenna coil segment. As
described above, the electromagnetic fields H perpendicular
20 to the main surface of the conductor segments 203 do not
occur. A distribution of the magnetic fluxes is shown by
dashed lines in Fig. 9. A magnetic field corresponding to
the distribution is shown by dashed lines in Fig. 10, in

which the main lobe M spreads towards the conductor segments

25 203, that is, W becomes wider than a conventional W, and the
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10 approaches the conductor segments 203 in parallel, an

5 induced voltage does not occur in the antenna coil 100, and

therefore a communication, such as exchange of initial

information, between the IC card 10 and the reader/writer

device 20 is not performed. This eliminates a communication

error due to a presence of the side lobes S, as described

10 above. Also, the main lobe M expands towards the conductor
segments 203.

The above-described embodiments are described merely
for purposes of illustration and are not limited to the
present invention. Therefore, various changes and

15 modifications can be made to the elements and their
equivalents disclosed in the embodiments without departing
from the spirit and scope of the invention.

For example, although the antenna coil is formed on one
surface of the insulating substrate 201 in the above-

20 described embodiments, the antenna coil may be composed of
transmitting and receiving antenna coils, which are
separately mounted on two surfaces of the insulating
substrate 201. 1In this case, the conductor segments 203 may
be disposed on either one surface or both surfaces of the

25 insulating substrate 201.
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a reader/writer device, and a reader/writer device, an
5 information processing system and a communication method
including the antenna unit can be provided. Also, a method

for manufacturing the antenna unit can be provided.
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1. A reader/writer device comprising:
an antenna unit comprising an insulating substrate, a
5 loop antenna coil on the insulating substrate, and conductor
segments at the periphery of the antenna coil, the antenna
coil and the conductor segments being in substantially the
same plane;
wireless communication means for transmitting data to
10 and receiving data from a wireless information storage
medium in the form of electromagnetic waves output from the
antenna coil; and
a processing circuit for processing the data;
wherein, an occurrence of communication spaces in the
15 spaces corresponding to the conductor segments is suppressed.
2. The reader/writer device according to Claim 1, wherein
the loop antenna coil is rectangular or circular.
3. The reader/writer device according to Claim 2, wherein
the conductor segments are disposed at the periphery of at
20 least one of the edges of the rectangular loop antenna coil.
4. The reader/writer device according to Claim 3, wherein
the length of the conductor segments is greater than or
substantially equal to the length of one of the edges of the

rectangular loop antenna coil, and the width of the

25 conductor segments is greater than the width of the
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6. The reader/writer device according to Claim 1, wherein
5 the conductor segments are disposed in the areas adjacent to
the proximal end and the inner side of the antenna coil in
the moving direction of the wireless information storage
medium.

7. The reader/writer device according to Claim 1, wherein

10 the conductor segments are disposed in the areas adjacent to
the proximal end and the distal end of the antenna coil in
the moving direction of the wireless information storage
medium.

8. The reader/writer device according to Claim 1, wherein

15 the conductor segments and the antenna coil are formed of a
single conductive material.

9. The reader/writer device according to Claim 1, wherein
the conductor segments and the antenna coil are formed by
patterning a conductive layer on a main surface of the

20 insulating substrate with an etching process.

10. An automatic ticket gate for checking tickets

comprising the reader/writer device according to Claim 1,

wherein the reader/writer device wirelessly communicates

with the wireless communication medium.



