AWTENWL MOD CROSS REFERENCES TO RELATED APPLICATIONS
The present invention contains subject matter related to Japanese Patent
Application JP 2007-094020 filed in the Japanese Patent Office on March
30, 2007, the entire contents of which being incorporated herein by
reference. BACKGROUND £rEREANMENGI@N 1. Field of the Invention
The present invention relates to an antenna module, particularly to an
antenna module which facilitates heat dissipation in the IC chip to
suppress the termination of communications in the case in which
cComMMuNicaROISS aFEESIHRERG e Endkgioarthe terppemEteiahan IC
(Integrated Circuit) chip. 2. Description of the Related Art In recent years,
IC mefreearer wikeh avaitabie inctudiag nehcontaciiCecardsandRFIP= 1 ated
tags in the size other than the standardized card size using RFID (radio

t dretppany sileAgficamionfiuchhkpieland cobitadd [0 cQs0 Particuleply, in the
because of the convenience of the noncontact IC cards and the RFID
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exchan%e information, they are a%olled in varlous flelds including

o trafspbnalisn Bdch BS M@ RaReteE nerein by rsference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna module,
particularly to an antenna module which facilitates heat
dissipaticn in the IC chip to suppress the ftermination of
communications in the case in which communications are stopped
depending on the temperature of an IC (Integrated C_&; ity
chip. |
2, Description of the Related Art

In recent years, ICmedia are widely available including
noncontact IC cards and RFID tags in the size other than the
standardized card size using RFID (radioc <freguency
identification) technigue and contact IC cards. Particularly,
because of the convenience of the noncontact IC cards and the
RFID tags in which the card is just placed on a card resader
or held thereto to exchange information, they are applied in

various fields including transportation such as the ticket



gates of railroads, primarily used in this field, security systems such as
access management, and product management systems in factories. A
noncontact IC card is fabricated in which an antenna coil is formed on an
insulating substrate, an IC chip is mounted on the substrate to configure
gadl anteanamodule,and thenthe janjenneanodye imsandwished security
between a pair of card forming sheets of a synthetic resin. Therefore, the

syngestastkhcard has-sepicenductenprapgrties:sughrasiadegradatigament
-in properties and a reduction in reliability due to a temperature rise. In

syecenisyears, sqart dkeauntermeasures to protect security against a
temperature rise, it is considered to prevent a temperature rise in the IC
chip causedbprdonamubicationd. Eor thisomethode dudh aietiodis antenna
invented in which in  a noncontact IC card having an IC chip connected to
cahlahteARaTEol By wirelbsTithid packagiRg, e ietal foll ReatBirk iss mounted
formed between the IC chip and an insulatin% substrate mounting the
ORHip théreBA tiRé R by e Rdat dissipdtiorproperediarine Sic Thip aRe™ e
improved (for example, see Patent Reference 1 JP-A-,2000-16354%'%))E :
2SR erindHe Sass i AR R chip W ESThettEd b ahfa@hha cafi™n9
sﬁ@ggéﬁ%gfggé I% f@%%%ngISTherefoxe,thenoncontacti&lcard
has semiconductor properties such as a degradation in
properties and a reduction in reliability due to a temperature

rise.

In recent years, as part of countermeasures to protect
security against a temperature rise, it is considered to
prevent a temperature rise in the IC chip caused by
communications.

For this method, such a method is invented in which in
a noncontact IC card having an IC chip connected to an antenna
coil by wire bonding packaging, ametal foil heat sink is formed
between the IC chip and an insulating substrate mounting the
chip thereon, whereby the heat dissipation properties of the
IC chip are improved (for example, see Patent Reference 1
(JP-A-2000~163543) ).

However, in the case in which an IC chip is connected
to an antenna coil by f£lip chip packaging, the IC chip is

directly connected to an insulating substrate with bumps.



directly connected to an insulating substrate with bumps. 2 Thus, itis
difficult to form a metal foil heat sink between the IC chip and the
insulating substrate mounting the chip thereon. Therefore, in this case, it
is hard to accelerate heat dissipation in the IC chip. In addition, as part of
countermeasures to é)rotect security against a temperature rise, such a

P . .
ThtSehnidlie id SalsBinvertad in mch¥é° pératlife-&dnsaris molifited in® **
beand€nchipnef a Aondoitact 1€ caftkantdrcommunications thiough amounting

£ 8ntenna cojl g ferminated in g case;in whigh, the, lemperature sease( o
detects that the temperature of the IC chip reaches a predetermined

2CE5hpeRtare: SUMMAR YRS E TH4E tRVENTIEN RoWever, in this case,
whenthestgmperature afstheskc tehip fisesodue to-eemmiricatians, everntect

segzqgoruigah th%%%frmspt .Isapl%cee%\g g'@l,:[pg d|§£@§§ OE%@%WI%Q technigue L1s
communications with a reader/writer, the IC chip might not communicate
algath i Partadark urderhighi tehfperatiire Rvireients, ifis eedrsed in
annoticeably; § isdhus fesitabie ta- aeeelerate heatdissipationdhnam 1€ Lhipn s
tlQand t?l suppress thggerénoin?ti%n gf tcggpﬂrgggicggoqsﬁint@e case in iNhi?ﬂl' h
commuriications are stoplped cfependlng on %he tempera?ure oftheic ™+
thehipemperature sensor detects that the temperature of the

IC c¢hip reaches a predeterminsad temperature.

SUMMARY OF THE INVENTION

However, 1in this case, when the temperature o0f the IC
chip rises due to communications, even though the IC chip
is placed within the distance of allowing communications
with a reader/writer, the IC chip might not communicate
with 1t. Particularly, under high tTemperature environments,
this occurs noticeably.

Tt is thus desirable to accelerate heat dissipation in
an Ic chip and to suppress the termination of
communications in the case 1in which communicaticns are
stopped depending on the temperature of the IC chip.

In a first aspect of the invention, there is provided

an antenna module in which an antenna coil formed



In a first aspect of the invention, there is provided an antenna module in
which an antenna coil formed 3 of a metal foil and a condenser are formed
on an insulating substrate, the antenna module comprising: a control
circuit configured to control communications done by the antenna caill,
the contral circuit disposed on the insulating substrate; and a pattern

OF fGmbti o a hetal 1Bil Whersh 8 atteft & forMEE Onthe dhsulEtig &t 109
subabstrate, ortthe eppesiteasidedi thhe contralicircuit throughrthe snsutating:it

cofivhsiaie,and the contralcircuit has: a defecling means Jor _%C“,E%@ﬁnna

temperature of the control circuit, and a control means for terminating the
coédmmuriGatiorRWhén a fenieratureBfiRe 88Rtrolircuiti§ eqiditte i 1ne
suBbove ae pregetermined temperatwentnithe antenna moduleaccordimg 1 n

an embodiment of the invention, a space on the insulating substrate on
R e ool CHOEI TS diShosarand & SHAt e o the. ety o the
OrBgBstigte DrWwhieh thE pafier-Bfbriféd THdy:-bé ldrdeast partialpsulating
sub¥enapped with each-othenthreugh-the-insulating substrate.dpthey means

antggna module according to an emb%dimt?nt of the invention, an area of

f05 spagg on'the inasulgﬁrﬁg &Gbdtrate Bn which tﬁgrbta?t%}’n S bred ’maaynd &

cobéhetweepa05 for terminating the communications when a
tenperature of the control circuit is egual to or above a
predetermined temperature.

In the antenna module according to an embodiment of
the invention, a space on the insulating substrate on which
the control «circuit 1s dispesed and a space on  the
insulating substrate on which the pattern 1s formed may be
at least partially overlapped with each other through the
insulating substrate.

In the antenna module according toc an embodiment of
the invention, an area of a space on the insulating
substrate on which the pattern is formed may be hetwesn 0.5
times and 16 times, inclusive, an area of a gspace on the
insulating substrate on which the contrel circuit is
disposed.

In the antenna mcdule accerding tce an embodiment of
the invention, a thickness of the pattern may be between 10

micrometers and 40 micrometers inclusive.



times and 16 times, inclusive, an area of a space on the insulating
substrate on which the control circuit is disposed. In the antenna module
according to an embodiment of the invention, a thickness of the pattern
may be between 10 micrometers and 40 micrometers inclusive. 4 In a
second aspect of the invention, there is provided an antenna module in

whicharf afferatoil 1Bfified Of aAetaT8f Bhd Aeondenser are foFmBgded
anonzairt gswdating csubstrate, tha antenna modulencomprising: &contal of a

mefirguit cconfigured t%O%é{'&%@wnig@@ﬂ%%@%@v the antenna coil, . .,
the control circuit disposed on the insulating substrate; and a pattern . _
SURFimed 6l-a frietal 30IF SFRcrelt the paftefis formed of the Hsifatingl reult

cosifasitate on the eppesitel side-efthe: centrol gircuitdheoughy therasulatingnn 2

Cosltjfbstra%%, andc%he cr%nLtrol gi.r%léiwgs a ddestegtsin%unié congg%red.tos%efg%tin
a émpera?ure ofntﬁe controiLcircun, and aFcontrol urit'con |gure& 16 gl

sufepimidte thea dmmuRications whengetemperaturenefthe conirbl circuitis 1n

thequal to ar-above agyedetermined temperature < nwan embodiment ofthe- .
invention, the control circuit that controls communications done by the

°PEf3hha oo forffied O e MEtl Toit off the sulating Stbitraiis- s 012t ing

substrate, and the control circuit has a deteciing unit
configured to detect a temperature of the contrel circuilt,
and a control unit configured To terminate the
communications when a temperature of the control circuit is
egual to or above a predetermined temperature.

In an embodiment of the invention, the control circuit
that controls communications done by the antenna coil
formed of a metal foil on the dinsulating substrate is
disposed on the insulating substrate, and the pattern
formed of & metal foil 1s formed on the insulating
substrate on the opposite side of the control circuit
through the insulating substrate. In addition, the control
circuit detects the temperature of the control circult, and
terminates the communications in the case in which the
temperature of the control circuit is equal to cor above a
predetermined tempsrature.

As discussed above, according to embodiments of the
invention, heat dissipation is accelerated in an IC chip
and the Cermination of communications is suppressed in the
case in which communications are stopped depending on the

temperature of the IC chip.



disposed on the insulating substrate, and the pattern formed of a metal
foil is formed on the insulating substrate on the opposite side of the
control circuit through the insulating substrate. In addition, the control
circuit detects the temperature of the control circuit, and terminates the
communications in the case in which the temperature of the control circuit

is equal to or abGVe's pretfetermingll t&hpefdturd X5 discussed above,

accdrding to embediments ofthes ivention sheat-dissipatianyisdepicting a
noficcglerated in-an G ghip, and the termination of communicationsis . . ; o,
. su%%gssed in the case in which communications are stopped depending
1 50A e tetiperature of the IC chip. 5 BRIEF DESCRIPTION OF THE

DRAWINGS Rgol shews a0r0ss; sectigagschemagicallyedepietingha module
<poncantact |C C:Jilrdsté)evr\l/hi han %@bog(ijrplegg%f thg ig\%ention is,adapted;

Eig. 2Ishowsqé1 plan view eplcting?he antennamodule” Shown |%’Fig. 1

seerf from the§neuisting sukfate side! Figrd sHows aplen viewedepictirglule
shthgrantenna modules shewn.nfrig.rkseen framcthg surfaceonwhich the.y 1

. _IC chip is not @ounted; Sa
1s not mounted;
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Fig. 4 shows a diagram depicting the results of experiments; Fig. 5 shows
a plan view depicting the pattern of a noncontact IC card used in the
experiment; Fig. 6 shows a plan view depicting another pattern of a
noncontact IC card used in the experiment; Fig. 7 shows a diagram

depictingdhe othegwequts af expegments; g, 3-shows adiagramsylts of
depicting still other results of experiments; Fig. 9 shows a plan view
e gepieting stil another pattern of a noncontact IC card used in the
experiment; Fig. 10 shows a plan view depicting still another pattern of
the nosdentact I€rcard usech inthe experirdent: Eigi A4 shows aptarviewer a
depicting yet another pattern of the noncontact IC card used in the
nexpenrment; ahd Kigri2 shews mrplainviesxgepictimgrstill yet another
pattern of the noncontact IC card used in the experiment. DETAILED
DESCRIFTION SPTERINVENTIONR Heleinaftdri ag emissdipenpefithern of
invention will be described. The following is examples of the

2 cHREsEHeRREe Lhetideth abtffiguidtion F8qErsMReitE$aYthe invention
and the embodiments of the specification or the drawings. This is

describetPfor Eofififtifiginat i Eibstiments Sippbitihgthaer resuits of

aexperiments;

Fig. 8 shows a diagram depicting still other results of
experiments;

Fig. 9 shows a plan view depicting still ancther pattern
of a noncentact IC card used in the experiment;

Fig. 10 shows a plan view depicting still another pattern
of the noncontact IC card used in the experiment;

Fig. 11 shows a plan view depicting yet another patterﬁ
of the ncncontact IC card used in the experiment; and

Fig. 12 shows a plan view depicting still yet another

pattern of the noncontact IC card used in the experiment.

DETATLED DESCRIPTION OF THE INVENTION
Hereinafter, an embodiment of the invention will be
described. The following is examples of the correspondence
between configuration reguirements for the invention and the
embodiments of the specification or the drawings. This is

described for confirming that the embodiments supporting the



6 invention are described in the specification or the drawings. Therefore,
even though there is an embodiment that is described in the specification
or the drawings but is not described herein as an embodiment

corresponding to configuration requirements for the invention, it does not

i fReanthaf the embadimant doeg pateqrespppd ta those configuration, . o

requirements. Contrary to this, even though an embodiment is described

Therelr 8san ehedimentceresrondingte feRfigYratianFaguUiremaRtS 5 ned
does not mean that the embodiment does not correspond to configuration

i feguisespents otherthan hesemeontiguration: MEritements: ADBNeRthe rein
module according to an embodiment of the invention is an antenna

ameduler{farexamplecan aatenmadiodileol kshowain &ig. k) inavhieh-afent s
antenna coil (for example, an antenna coil 31 shown in Fig. 2) formed of a

T metahfeil andeatcamenser orexamplepaazondbetor 324 siéven innkigt 2does
and a conductor 32B shown in Fig. 3) are formed on an insulating

ngiibsrakc@oraxainplehas hsipatingesubstrate2 showreneRigs 1) , featrary
antenna module including: a control circuit (for example, an IC chip 22

tehowiIn FigeD &diffigeredto EARSE CopmhuicatiedsdoheBytReein as an

antenna coil, the control circuit disposed on the insulating substrate; and

B PAMEHT (or CXBRTpE, Watiein 53 sRBwh I B formietrorar fetats it

dggé not mean that the embodiment does not correspond to
configuration reguirements other than those configuration
reguirements.

An antenna module according to an embodiment of the
invention is an antenna module {(for example, an antenna module
1z shownkin Fig. 1) in which an antenna cdil (for example, an
antenna coiL 31 shown in Fig. 2) formed.of a metal foil and
a condenser (for example, a conductor 32A shown in Fig. 2 and
a conductor 32B shown in Fig. 3) are formed on an insulating
substrate (for example, an insulating substrate 21 shown in
Fig. 1), the antenna module including: a control circuit (for
example, an IC chip 22 shown in Fig. 1) configured to control
communications done by the antenna coil, the control circuit
disposed on the insulating substrate; and a pattern (for
example, a pattern 33 shown in Fig. 3) féxmed,of a metal foil,
wherein the pattern is formed on the insulating substrate on

the opposite side of the control circuit through the insulating



wherein the pattern is formed on the insulating substrate on the opposite
side of the control circuit through the insulating 7 substrate, and the
control circuit has: a detecting means (for example, a temperature sensor
22A shown in Fig. 2) for detecting a temperature of the control circuit, and

s1iheeNtal means; (for .example, @ control Cirayit 228 shown-iniFig. 23 fofs (for

terminating the communications when a temperature of the control circuit

eg%lﬁ?q@l,t%eafé}p@ag@p@rﬁgggﬁg@.@_@mﬁﬁWQ-M@nazfseﬁ::@rw@@i@@t ing

implementation to which an embodiment of the invention is adapted will

a heflesaribedyia detaihwithoeference 1o thei drawingsa Fignk shQwaeens (for
cross section schematically depicting a noncontact IC card 10 to which an

eembodimentafiibe dlvertion: it atlapteth.obhe horicomtagt IEcarddfninating
shown in Fig. 1 is configured in which a pair of cover sheet materials 13

t adcbiisuusedatd i sardwichram ahtennamacdute 1dthat eonmmanicdtesi reuit
with external devices in a noncontact manner through an adhesive

ipnaatialllayersr2 T antenBd PRGUUIE T4 i CoriTRIiPET BE B thsulating
substrate 21 and an IC chip 22 mounted on the insulating substrate 21.

For thé'saifating Stibstrate SPECHpital Mg PORFREAHAPR, dsed ek an
t)g)icaj high pol¥mer films, there, ) , , )
empbodiment oI the invention is adapted will be described in

detail with reference to the drawings.

Fig. 1 shows a cross section schematical;y depicting a
noncontact IC card 10 to which an embodiment of the invention
is adapted.

The noncontact IC card 10 shown in Fig. 1 is configured
in which a pair of cover sheet materials 13 and i4 ig used to
sandwich an antenna.médule 11 that communicates with external
devices in a noncontact manner through an adhesive material
layers 12.

The antenna module 11 1is configured of an insulating
substrate 21 and an IC chip 22 mounted on the insulating
substrate 21. For the insulating substrate 21, a typical high
polymer film is used. For typical high polymer films, there
are resin £films such as pelyester, polyethylene terephthalate
(PET), polyethylene naphtahalate (PEN), polyimide (PI},
polyethylene, polypropylene, polyvinyl chloride, acrylic

resins, polycarbonate, epoxy resins, urea resins, urethane



are resin films such as polyester, polyethylene terephthalate (PET),
polyethylene naphtahalate (PEN), polyimide (Pl), polyethylene,
polypropylene, polyvinyl chloride, acrylic resins, polycarbonate, epoxy
resins, urea resins, urethane 8 resins, and melamine resins. A high

roolmer flpyuged forthe Jasulaing substraty 21 is atesindedsqq for the

particularly as long as the film has insulating propérties. Moreover,

i Reteinafiglgasiong Astobpasticwlady-spacified; the suface oithei v as long
insulating substrate 21 on which the IC chip 22 is mounted is referred to

a8S EHBoWAtRY Bl$ace; sand thensurtacsoppesitesto the mounting surface
is referred to as a surface on which the IC chip is not mounted. Around

the I1C mhipe22; arpairef maetak feirforcingsplales 23 apd 24 sugheax icularly
stainless steel is provided that sandwiches the IC chip 22 from the .
spouhfing durfave sidefakthe surfacensidé ohivlychthe tCahipis.not which
mounted. The reinforcing plates 23 and 24 are bonded with a reinforcing
tplaté @dhekive 225 sFopexaatplé SthefaiforihG plaes28andt2harear face,
stainless sheet, and the thickness thereof is decided depending on the
23Feigth GTHRE ICTMPRD TecesEary-for tRCHETIcoracg IE 25R1 16 afpiferred

the layer configuration of the noncontact IC card 10. In addition, the

t@haap% And Yy %ﬁh@?eiﬂﬂﬂ'a}ﬁgthe IC chip is not meounted.

Around the IC c_hip 22, a pair cof metal reinforcing plates
23 and 24 such as stainless steel is provided that sandwiches
the IC chip 22 from the mounting surface side and the surface
side on which the IC chip is not mounted. The reinforcing
plates 23 and 24 are bonded with a reinforcing plate adhesive
25,
| For example, _the reinforcing plates 23 and 24 are a
stainless sheet, and thé thickness thereof is decided d@pendiﬁg
on the strength of the IC chip 22 necessary' for the noncontact
IC card 10 and the layer configuration of the noncontact IC
card 10. In addition, the shape and size of the reinforcing
plates 23 and 24 are decided in accordance with the outer
dimensions of the ICchip 22. Moreover, the reinforcing plates
23 and 24 are not necessarily a stainless sheet as long as
materials can surely provide the strength of the IC chip 22
necessary for the nonceontact IC card 10.

For example, the reinforcing plate adhesive 25 is a



plates 23 and 24 are decided in accordance with the outer dimensions of
the IC chip 22. Moreover, the reinforcing plates 23 and 24 are not
necessarily a stainless sheet as long as materials can surely provide the
strength of the IC chip 22 necessary for the noncontact IC card 10. For

1i%%?f&P'%&ﬂ%é%i%o,r‘:i”ﬂrp'%t&o%‘_’!‘féh’? 258 a-8 liguidadhesive In. ¢, .o g
additio

n, the form of the reinforcing plate adhesive 25 may be any forms
pBsdang ag adhesives Gan, baad he reifercing plates, 43 a0d2hihede can

chip 22. For example, the reinforcing plate adhesive 25 may be a film

badhesive shestrigadditipn the derm thatthe reinfercing:plate adhesive.  ror

25 covers the side surface of the IC chip 22 is varied depending on the
eder okthe teinforeing plate adhesive 2. HeHornvamaygie aryfores as £ilm

long as forms can surely provide the strength necessary for the IC chip
a@2eMoveowdtgthie .bonding scheme of the reinforcing plate adhesive 25 is
varied depending on the material of the reinforcing plate adhesive 25. For
example; andig case it whiththetieiifortingrslatef adirasie25isapdhesive
epoxy adhesive, thermosetting is desirable. For example, the adhesive ‘
2 pateviarayedra 2 iR riead BF a ffoligaid epokyadiedive’ Theaiv 6 igaad - g
epoxy adhesive is an adhesive that a comfound (base resin) containing
ognE&%xgorm of the reiniorcing plate adhesive ' 20. The form
may be any forms as long as forms can surely provide the strength
necessary for the IC chip 22. Moreover, the bonding scheme
of the reinforcing plate acdhesive 25 is varied depending on
thematerial of the reinforcing plate adhesive 25. For example,
in the case in which the reinforcing plate adhesive 25 is an
epoxy adhesive, thermosetting is desirable.

- For example, the adhesive material layer 12 is formed
of a two liguid epoxy adhesive. The two ligquid epoxy adhesive
is an adhesive that a compound (base resin) containing an spoxy
group is mixed with a curing agent containing amines or acid
anhydrides for bonding by curing reaction. For the compounds
containing an epoxy group, bisphencl A, hydrogenated bisphenol
A, novolac resins, bisphenol F, bromination epoxy resins,
cyclic aliphatic epoxy resins, glycidylamine resins, and
glycidylester resins are named.

In addition, for the curing agent containing amines or

acid anhydrides, aliphatic primary and secondary amines (such

10



group is mixed with a curing agent containing amines or acid anhydrides
for bonding by curing reaction. For the compounds containing an epoxy
group, bisphenol A, hydrogenated bisphenol A, novolac resins, bisphenol
F, bromination epoxy resins, cyclic aliphatic epoxy resins, glycidylamine

aLesins; and glycidylester resips argnamed. In addition, for the ,Cugyﬂiphatic

agent containing amines or acid anhydrides, aliphatic primary an

+ 886qndary amines{sueh 19 astdethylensteframing and.dipropylfriamine). ; on,
, aliphatic tertiary amines (such as triethanolamine, and reaction

p prenliiots of alhats Privapr-and secandancamines:anad apexy, saipBalic: v) ,
polyamines (such as diethylenetriamine, tetraethylenepentamine, and

a bisthexamethylpoe)daminey, aliphatielaminesg{suchdsthyienstriamine,
metaphenylenediamine, di amino diphenylmethana, and

tdiaminbtiphenyisalidre) amine adducts {sutheasareactiori progluttsiainine) ,
polyamine and an epoxy group), aromatic anhydrides (such as trimellitic

2apRYdid-and pyoineditic anhizitiele) dicyasdiamides-ant defvatived iamine,
thereof, imidazoles, and thiols are named. The cover sheet materials 13

dARB-4ZCst Y LRSI B TheATichl @it o aikilié of pblyesters amine

such as polyimide, polyester, polyethylene terephthalate and
aﬁg%ﬁﬁnéﬁé‘%ﬁﬁaﬁ&laféb%cﬂéﬁ%lm pRIDVIEHR BEIIGBEegn SpPOXY
such

group), aromatic anhydrides (such as trimellitic anhydrid and
pyromellitic anhydride), dicyandiamides and derivatives
théreof, imidazoles, and thiols are named.

The cover sheet materials 13 and 14 are configured of
a chemical element or amizture of polyesters such as polyimidé,
polyester, polyethylene terephthalate and polyethylene
naphtahalate, polyolefins such as propylene, celluloses such
as cellulocse triacetates and cellulose diacetate,
acrylonitrile-butadiene-styrene resin,
acrylonitrile-styrene resin, polystyrene, polyacrylonitrile,
polyacrylic methyl, pelymethylmethacrylate, polyacrylic
ethyl, and poly(ethylmethacrylate), and vinyl resins such as
vinyl acetate and polyvinyl alcohol, and polycarbonates.

On the cover sheet materials 13 and 14, text and patterns
may be printed by offset printing, screen printing, and gravure
printing.

Fig. 2 shows a plan view depicting the antenna module

11



as cellulose triacetate and cellulose diacetate,
acrylonitrile-butadiene-styrene resin, acrylonitrile-styrene resin,
polystyrene, polyacrylonitrile, polyacrylic methyl, polymethylmethacrylate,
polyacrylic ethyl, and poly(ethylmethacrylate), and vinyl resins such as

1vinyl agetate andpolyvigyalicaholand,polycarhenaigs (Qp #1@. L0NeHe, and
sheet materials 13 and 14, text and patterns may be printed by offset

FFINtNGs 1564@e A REINHAG ARG, gfMH e tAMHYINGH EiG 2rShows Addan e from
depicting the antenna module 11 11 shown in Fig. 1 seen from the

teowiiing=sy facedides anehEigh3 shewd a planaview depictingrthented. In
antenna module 11 from the surface side on which the IC chip is not :

adniodrited, Iniradditipn, iINPFigsd2 andd; doted lines:depiepelementsmants on
the opposite side through the insulating substrate 21. As shown in Fig. 2,

tlon thiemmsdnting sultacerofahghingdiating subbtraier 21, sarbaitteaha coill 31
formed of a metal foil is formed along the edge part of the insulating
substrife 2BCHRd the ahichna<oil 3T istéonn&ded id e |G hip22 byt the
mounting the IC chip 22 in flip chip packaging. In other words, projecting

L RRthRdeR RS férhfed on thE Greuft Slfate ‘of the IECHIF 2 Pare Metal

connected to the antenna coil 31 through an anisotropic conductive film
f%}gnlgnfis%{%ﬁji%gﬁ&ﬁ:tﬁ?ée eége pagz:t of.the 1 suclatlng substrate

21, and the antenna coil 31 is connected to the IC chip 22 by
mounting the IC chip 22 in flip chip packaging. In other words,
-projecting electrodes (bumps) formed on the circuit surface‘
of the IC chip 22 are connected to the antenna ccoil 31 through
an anisotropic conductive film or an anisotropic conductive
paste adhesive. Moreover, for example, the IC chip 22 may be
packaged by wire bonding with solder.

The antenna coil 31 communicates with external devices
by using radio waves. The IC chip 22 has a tempeﬁature sensor
22A and a control circuit 22B incorporated therein. The
temperature sensor 22A detects the temperature of the IC chip
22. The control circuit 22B controls communications done by
the antenna coil 31. For example, in the case in which the
temperature detected by the temperature sensor 22A 1is a
temperature egual to or greater than a preset temperature
{hereinafter, referred to as an abnormal temperature), the

control circuit 22B terminates communications. The set

12



paste adhesive. Moreover, for example, the IC chip 22 may be packaged
by wire bonding with solder. The antenna coil 31 communicates with
external devices by using radio waves. The IC chip 22 has a temperature
sensor 22A and a control circuit 22B incorporated therein. The

« AGPReIAlIE Sansang2A detects thedemperatyre %ftt*l?h'agc%hig §échQSation

control circuit 22B controls communications done by the antenna coil 31.

105 £380P16, 41 the,gage inwhichihe temperatute detected bythe ;s the 1c

temperature sensor 22A is a temperature equal to or gréater than a

cRigset temperatyes iereipafier: referred 49 ag-anabnormal temperature)
, the control circuit 22B terminates communications. The set 12

temperatuegiisitbe devesktempeanature atiwhich aglegrpdaliennifing surface
properties and a reduction in reliability occur in the IC chip 22 dueto

o Sethieondsctds prioperiies.sinedoiién, as showdun g, 226ndhesmetmndingioil
surface of the insulating substrate 21, a conductor 32A of a metal foil is

iforrhedrand asshowsinstigwd, ohvthéd sarface,of thre tristlating Substrate the
21 on which the IC chip is not mounted, a conductor 32B of a metal foil is

1 fotkhed it e PoBRIBA 2ESresp ot i thetdondueteh3ZA {Fhaot mounted,

conductor 32A and the conductor 32B form a condenser through the

2inSGRERG SOBstiAe Pif BY thisdhdénset, the FEQERAEY 6fthé Aftetfal tion

coil 31
corresponding to the conductor 32A. The conductor 322 and the

conductor 32B form a condenser through the insulating substrate
21. By this condenser, the frequency of the antenna coil 31
can be set to 13.56 Hz, for example.

Furthermore, as shown in Fig. 3, on the surface of the
insulating substrate 21 on which the IC chip i1s not mounted,
apattern33<xfan£talfoilfjsformedjjlthespacecorresponding
to the space on the mounting surface on which the IC chip 22
is mounted. Moreover, the space to form the pattern 33 on the
surface on which the IC chip is not mounted is overlapped.with
the space on the mounting surface on which the IC chip 22 is
mounted through the insuiating substrate 21.

As described above, in the antenna module 11, since the
pattern 33 of a metél foil with a high thermal conductivity
is formed in a space on the surface on which the IC chip is
not mounted, the space corresponding to the space on the

mounting surface on which the IC chip 22 is mounted, heat
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can be set to 13.56 Hz, for example. Furthermore, as shown in Fig. 3, on
the surface of the insulating substrate 21 on which the IC chip is not
mounted, a pattern 33 of a metal foil is formed in the space
corresponding to the space on the mounting surface on which the IC chip

dizgs !Lsprg'g Eﬂg?qan{g%ﬁl{@% SPACE,1Q ﬁcg;rg 5@% patern.3g Ondgﬁsequent 1y,

surface on which the IC chip Is not mounted is overlapped with the space

a S:the-mountingsurfacs,en which thelG chigg24s drounted thrgugh the, due

insulating substrate 21. As described above, in the antenna module 11,

r since-theppatten-33,0f sametakipd with a high therwahceadyctivtynised. In
formed in a space on the surface on which the IC chip is not mounted, the

= 8paee eprrespaadingtosthesspace on themmeuntintg sdefaee dnwhichidhe rmal
IC chip 22 is mounted, heat 13 dissipation in the IC chip 22 can be

t anpelemted.cCongequentlgmpedegradaticrein propeftfesandizeredyntion dis e d,
reliability due to a temperature rise in the IC chip 22 can be prevented. In

a2 ndditionntielicad bboscHRanbE of ettt abhorral tempelatgresited in
the temperature sensor 22A can be suppressed, and communications

than BeSsrelierited Horhibeing téfiRated i the 2aS& i WHid i fe Shig-2nce

22 is placed within the distance of allowing communications with the

Ofe stk HAES FHrRHRoRE it teSartéima FlotiufE R SiHeE theShace

Furthermore, in the antenna mocdule 11, since the space
in which the pattern 33 is formed is overlapped with the space
on which the IC chip is mounted, heat dissipation can be
effectively performed through the pattern 33.

In addition, it is sufficient that the space in which
the pattern 33 is formed may be at least partially overlappéd
with tﬁe space on which the IC chip 22 is mounted, not overlapped
with each other in the entire space.

The antenna coil 31, the conductors 32A and 328, and the
pattern 33 described above are formed in such a way that a
conductive paste is printed on the insulating substrate 21,
or that the insulating substrate 21 and a laminate basematerial
of a metal foil such as an aluminum foil or a copper foil are
etched in a c¢ircuit shape. Moreover, printing with a
conductive paste or etching is performed on one surface one
by one. Therefore, desirably, the thickﬁesses of the antenna

coil 31 and the conductor 32A formed on the mounting surface

14



in which the pattern 33 is formed is overlapped with the space on which
the IC chip is mounted, heat dissipation can be effectively performed
through the pattern 33. In addition, it is sufficient that the space in which
the pattern 33 is formed may be at least partially overlapped with the

a,SRacE onuwhichthe G chin 225 mounted, notoverappad \With €8N, 4 1

other in the entire space. The antenna coil 31, the conductors 32A and

pa2B. apdiberpatiern 33, deseribgd-ahove ayg fprmed insuch @ way thata not
conductive paste is printed on the insulating substrate 21, or that the

mdIgHRINg substrated2l-anch laminate bare materied of agpgtal fajhsush the
as an aluminum foil or a copper foil are etched in a circuit shape.

aMoereaer pHibting With & conductive paste loe etohifth isepertaraleskgn ofiethe
surface one by one. Therefore, desirably, the thicknesses of the antenna

nooit 81 andthéConaudior 32 Adoaed ek the mouatisg sliHaee 11 difesthe
same as the thicknesses of the conductor 32B and the pattern 33 formed
on the Burfagedhieich tHeel Cléhisizinot ZRoured i Hudition; sidcdfie the

surface topology of the antenna coil 31 is reflected in the surface topology
CeFBRT AbRENEBETRD Eartl 0, ‘pteferatsty ahe duifhee & flat. fitaddifiomay not
the IC chip 22 shown in Fig. 2 has the temperature sensor 22A

hFh%%rEBF’a W@@ﬁw ﬁW%?zA incorporated therein. In this

case,thecontrolcircuit22Bcﬂxﬁsnotterminatecbmmunications
depending con the abnormal temperature of the IC chip ZZ.

Next, with reference to Figs. 4 to 13, the result of
experiments will be described for determining the size and
thickness of the pattern 33 preferable for the case in which
the IC chip 22 has the temperature sensor 224 incorporated
~therein as shown in Fig. 2.

First of all, a method of fabricating a nocncontact IC
card 10 used in the experiments will be described.

In a first step, aluminum having a thickness of 30 um
18 bonded ¢ the mounting surface of an insulating substrate
21 formed of a PEN base material having a thickness of 50 um,
and aluminum having a thickness of the pattern 33, described
later with reference to Figs. 4. to 13, is bonded to the surface
on which the IC chip is not mounted. 1In a seccnd step, the
insulating substrate 21 is etched that has been bonded to

aluminum in the first step. Thus, the antenna coil 31 and the
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have.the temperature sensor 22A incorporated therein. In this case, the
control circuit 22B does not terminate communications depending on the
abnormal temperature of the IC chip 22. Next, with reference to Figs. 4 to
13, the result of experiments will be described for determining the size

< 4ng, thickness, of t@%Qa%%r&%%pfsﬁ@fa%f%gsg@g%(gﬁevxﬁig@at@s 1Ge tre

chip 22 has the temperature sensor 22A incorporated therein as shown in

14l 7% H{15L 0f @ll 3 mgthoghof fabricafing &, pencontaceiy card 1. usedin o vy

the experiments will be described. In a first step, aluminum having a

3 8hickness:of30 s islkopded de thenpHnting sydace of ap insulling o unted.
substrate 21 formed of a PEN base material having a thickness of 50 m,

and aluminuathadng eethjckiesscottherpatien:33; dgssribed haterath £ 175
reference to Figs. 4 to 13, is bonded to the surface on which the IC chip is

Aol maunted dn srsecanthsteps thRarswlating substrate 2ldsmeiehed thatinted
has been bonded to aluminum in the first step. Thus, the antenna coil 31

oandhise MB0GAdEteN3ZA afe fornfedion tHelmopeting:surface oftheeby the
insulating substrate 21, and the conductor 32B and the pattern 33 are

Iforfifebior the sufase Bf Yasich thé I chiptisrbenrirted in a Tirdestéprrth

an IC chip 22 having a thickness of 175 gm in 4 mm square, that is,
SE§@ng?ﬂ15R§a@PH§ﬁﬁﬁ@i§%ﬁgeﬂﬁd3ide' the reinforcing plate 23

aﬁd the reinforcing plate adhesive 25 are used to encapsulate
the IC chip 22, and on the surface side on which the IC chip
is not mounted, the reinforcing plate 24 and the reinforcing
plate adhesive 25 are used for encapsulation. As discussed
above, at first, the antenna module 11 is formed.

After that, in a fifth step, the antenna module 11 is
sandwiched between the cover sheet materials 13 and 14 having
an expanded polyethylene terephthalate base material through
an adhesive material layer 12 formed of an epoxy adhesive having
a tensile shear adhesive strength of 4.5 N/mm?. Thus, the
noncentact IC card 10 for use in the experiments is formed.

Next, a method of the experiments will be described.

First, a tester places a noncontact IC card 10 fabricated
as described above and a reader/writer that reads and writes
informaticn to the noncontact IC card 10 into a thermostatic
oven at a temperature of 55°C, and they are allowed to stand

for cne hour. Subsequently, the tester places the noncontact
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on the mounting surface by flip chip packaging, whereby the IC chip 22 is
connected to the antenna coil 31. In a fourth step, on the mounting
surface side, the reinforcing plate 23 and the reinforcing plate adhesive
25 are used to encapsulate the IC chip 22, and on the surface side on

rwhigh she 4C.chip, is ot mounted dhe reisforcing platg 2and the wh:ch the

reinforcing plate adhesive 25 are used for encapsulation. As discussed

t@@@&@a@hfﬂét,ﬁﬂgﬁﬂt%&z@oﬂu@ ittisfermed Aller thed iBwafifitsteps the
the antenna module 11 is sandwiched between the cover sheet materials

ndB3antt k4 having an:expanded polyethyienetesephthalaiehasezmateriddarts
through an adhesive material layer 12 formed of an epoxy adhesive

chavingl adensilesshieat adkesivenstrengthvafAts Mmm2. Thus, thi€ and the
noncontact IC card 10 for use in the experiments is formed. Next, a

regathod of tHeeaxperiments will be described. First, a tester places a
noncontact IC card 10 fabricated as described above and a reader/writer
that reAB§and Witest iff6Ration 16 MeLAGHEoMaBE e Ear@ NP igmperature
thermostatic oven at a temperature of 55C, and they are allowed to stand

Sfottie hobr. SIseRtEAt Ihetes’eF placesthe rondtad tE6 38 éngormal
10 at a distance,from the reader/writer at which the temperature riggt

CEBBGE te i fip-52 Bt SUHACE B the nbnEbniacet Fc?%[ara‘% S tester

mggggyg%tge{%%gn%ggfggj?ggﬁwhich the abnormal temperature is

detected after communications are started, if detected. After
180 seconds from the beginning of communications, since the
temperature of the IC chip 22 and the temperature right above
The IC chip 22 on the surface of the noncontact IC card 10 are
generally stable, a communication time period is set to 18C
seconds. Moreover, for the reader/writer, SONY’S strong
electric field reader/writer is used.

Next, the result of the experiments will be described
inwhich the size or the thickness of the pattern 33 to be formed
on the nonceontact IC card 10 is changed according to the method
of the experiment as described above.

Fig. 4 shows the result of the experiments in the case
in which the pattern 33 in the shape and size shown in Fig.
5 ig formed on the noncontact IC card 10, and in the case in
which the pattern 33 is not formed as shown in Fig. 6.

Moreover, in Figs. b5 and 6, only the space arcound the
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communications between the noncontact IC card 10 and the

reader/writer. Then, the tester determines whether the temperature
sensor 22A incorporated in the IC chip 22 detects an abnormal
temperature within a communication time period, and the tester measures

pa%@%@?@ogﬁ%ﬂ\é‘i%%% QP@W@@U@Q’@P&%Q@ is i%ege&%%aé@rs een from

communications are started, if detected. After 180 seconds from the

£ Heeginning of cammunigatipns csinee ey derapargture ofdhe o @hined2 This
and the temperature right above the IC chip 22 on the surface of the

1 noscpntagt iG cargdl0iare generaly slablesa samwiunicativndigne periagd 13,
is set to 180 seconds. Moreover, for the reader/writer, SONY's strong
deateqitin faldireader/writer is used. Next, the result of the experiments will
be described in which the size or the thickness of the pattern 33 to be
~ forme@roh tleeionsbntdct4C vard kdHs €lvdnged accérting 4o theansthodhape
of the experiment as described above. Fig. 4 shows the result of the
argkpetinfehts rthescaset ibWhichtihe Pate 33 it Shass Afd size detect
shown in Fig. 5 is formed on the noncontact IC card 10, and in the case in
afyhrRtRE Patert STREAGfoRReds shdWin i BRP BF MoreBveP SR EYgs. 52+ ¢

and 6, on%the space around the 17 pattern 33 on the insulatirgig o
IREBSHAE21 is stin &58eef fioine  1ine. as  the descriptions

corresponding to each of the items, “Fig. 57, “two times”, “20
pm”, and “not detected” are described. On the third line, as
the descriptions corresponding to each of the items, “Fig. &7,

“rzero time”, Y20 um”, and “detected ({30 seconds)” are
described.

In other words, the second line describes that as shown
in Fig. 5, the shape of.th@ paft@rn 33 is a square, the ratio
of the area of the space on the surface on which the IC chip
is not mounted and on which the pattern 33 is formed to the
area of the space on the mounting surface on which the IC chip
27 is mounted (hereinafter, referred to as an area ratio) is
two times, and the pattern 33 has a thickness of 20 pm. In
this case, the temperature sensor 22A incorporatéd in the IC
chip 22 does not detect any abnormal temperatures.

In addition, the third line describes that as shown in
Fig. €, the pattern 33 is not formed, in other words, the area

ratio is zero time, and the pattern 33 has a thickness of 0O

18



the surface side on which the IC chip is not mounted. This is similarly
applied to the cases shown in Figs. 9 to 13, described later. On the first
line in a table shown in Fig. 4, items "shape and size", "area ratio",

“"thickness", and "whether to detect an abnormal temperature by the

pdemperatyrg sensarg are describedy, Opthe second ling.asthe ..

descriptions corresponding to each of the items, "Fig. 5", "two tlmes'@,qES an
aifho ARG I Netdelectad; ate deserbed Qrthefhidipgras Hhereginning of

descriptions corresponding to each of the items, "Fig. 6", "zero time", "20
cogamuandadetected (30 seconds)” are described. In other words, the

second line describes that as shown in Fig. 5, the shape of the pattern 33

is a sqUiase; dlie ratjo fof dhe inea 10f thel space ah the spEadenen whishther in

IC chip is not mounted and on which the pattern 33 is formed to the area
Fofithe spate ba theweedstihg - sarfabe s whichk thee[Gchipe22 is tountgh t =d

(hereinafter, referred to as an area ratio) is two times, and the pattern 33
Tras & pHckRessio? 26 prhrpuihistéas e ahé somperafilreseAson Ik surface

incorporated in the IC chip 22 does not detect any abnormal o
Sterhpératired Hatddiftich Bse tifcPlineldSderiéd tHat hhotnGh ipigie, not
the %attern 33 is.not formed, in other words, the area ratio is zero time,

"GHE the paRE S haS BRAERASES o FRo0r 228 does not detele any

abnormal temperatures.

Next, Fig. 7 shows the result of the experiments in the
case in which the noncontact IC card 10 is formed with the
pattern 33 in the shape and size shown in Fig. 5 having a
thickness changed.

On ﬁhe first line shown in Fig. 7, items “shape and size”,
“ares ratiﬁ”, “thickness”, and “whether to detect an abnormal
temperature by the temperature sensor”, and “appearance” are
described. On the second line, as the descriptions
corfesponding to each of the items, “Fig. 57, “two times”, “10
pm”, “not detected”, and “no problem” are described. On the
third line, as the descriptions corresponding fo each of the
itemé, “Fig. 57, “two times”, “20 um”, “not detectad”, and “no
problem” are described.

In addition, on the fourth line, as the descriptions

corresponding to each of the items, “Fig. 57, “two times”, “40

pm”, “not detected”, and “no problem” are described. On the
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18 gm. In this case, the temperature sensor 22A detects an abnormal
temperature after 30 seconds from the beginning of communications.
Therefore, from the result of the experiments shown in Fig. 4, itis
revealed that heat is acceleratedly dissipated from the IC chip 22 through

a 33% r on the surface of the insulating substrate 21 an
s R e e e dnAdIRE B0 2 of the

i&%&%‘?te‘%ﬁgy gbnormal temperaluress Next, Fig, 7.shawsthe gesultof .

. 7 . IS
e experiments in the case in whith the nonton aé:tel'ff card '10'is forme

awiththe pattern 33-n the.shape-and.aize shewnin Eig; 5havinga., as the

thickness changed. On the first line shown in Fig. 7, items "shape and

dsize’t i rareanatieo. hisknesst and cwhetherto getestranabnongl 5« wryo
temperature by the temperature sensor”, and "appearance" are

tdesatibed» ON (e second tinecas:thedescriptionseoreespondingtoeaths +o
of the items, "Fig. 5", "two times", "10 gm", "not detected", and "no

fproblémaare describelde@n the third line, as the descriptions
corresponding to each of the items, "Fig. 5", "two times", "20 gm", "not
detectdd?, anderov pisbientzee thesenided. I n additior; Unethetfoaithdimeshown
as the descriptions

in Fig. 5, the shape of the pattern 33 is a sguare, the area

ratio is two times, and the pattern 33 has a thickness of 10
um. In this case, it is revealed that the temperature sensor
22A does not detect any abnormal temperatures and such a problem
does not arise that the antenna module 11 looks floated in the
appearance of the noncontact IC card 10. The third and the
fourth lines describe that the shape and the area ratio ars
the same as those described in the second line and the pattern
33 having a thickness of 20 pm or the pattern 33 having a
thickness of 40 um is formed. In both cases, it is revealed
that the temperature sensor 22A does not detect any abnormal
temperatures and there is no problem in the appearance of the
noncontact IC card 10.

In addition, the £fifth line déscribes.that the shape and
the area raetio are the same as those described in the second
line to the fourth line and the pattern 33 having a thickness

of 5 um is formed. In this case, it is revealed that after

70 seconds from the beginning of communications, the
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corresponding to each of the items, "Fig. 5", "two times", "40 gm", "not
detected", and "no problem" are described. On the 19 fifth line, as the
descriptions corresponding to each of the items, "Fig. 5", "two times", "5
m", "detected (70 seconds)”, and "no problem" are described. On the

« Sheth ine.asthe. descriptions goprespanding to.each.ofithe items, “Rig. 3" 1+

"two times", "50 m" "not detected"”, and "the antenna tends to float" are

cgleseribeta dnothen wards, thesseepndiling.daseribes, that As-shovwr infigea r g
5, the shape of the pattern 33 is a square, the area ratio is two times, and

1the pattern33hass, thiskness«eflQ ineinibiscase:§ isxevealrd thatihe and
temperature sensor 22A does not detect any abnormal temperatures and

tsech agprobien cdees noharisetimatdlze antennaduedulerEdobks fieatetecond
in the appearance of the noncontact IC card 10. The third and the fourth

tiing$ deddrfiderthbi tives shapk &hé theafeamatic Aréahéesane asfhoseess of
described in the second line and the pattern 33 having a thickness of 20

St omthe patferni@3ihavingna thickness 940 mids formedvieadothl casest it the
is revealed that the temperature sensor 22A does not detect any

- LEBRE6MId Uit petaitites and there 9 RS provtém ik eiE &bpedtaiice abhermal

noncontact IC card 10. In addition,.the fifth line describes that the shape
tgﬁlgeratures but such a problem tends to arise that the antenna

module. 11 looks floated in the appearance of the ncncontact
IC card 10.

Ls discussed above, it is revealed that in the case in
which the pattern 33 has a thickness of 10 pm to 40 um inclusive,
the temperature sensor 22A does not detect any abnormal
temperatures and such a problem does not arise that the antenna
module 11 looks floated in the appearance of the noncontact
Ic card 10. In addition, it is revealed that in the case in
which the pattern 33 has a thickness of 5 um, because the
thickness of the pattern 33 is thin, the effect of heat
dissipation is small, and the temperature sensor 222 detects
an abnormal temperature.

Moreover, in the case in which the pattern 33 has a

thickness of 5 pum, aluminum has a thickness of 5 um that is

bonded to the surface on which the IC chip is not mounted. Thus,

the thickness of the conductor 328 is 5 pm that is formed on

the surface on which the IC chip is not mounted. However, in
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the area ratio are the same as those described in the second line to the
fourth line and the pattern 33 having a thickness of 5 m is formed. In this
case, it is revealed that after 70 seconds from the beginning of
communications, the 20 temperature sensor 22A detects an abnormal

tﬁ%mBS tature, b, there.Js fp-prablefiin the appearance of e, hprlc@%ﬁgtthat

C card 10. Furthermore, the sixth line describes that the shape and

i @r%ﬂa@@aﬁ% the same-as thosendegcribadsim ther seeond, to dhg fifthdingst 4,
and the pattern 33 having a thickness of 50 pm is formed. In this case, it

pisrevealed thatthgtesmearatire sensouRA2A daes natdeteetiaglyc cause an
abnormal temperatures but such a problem tends to arise that the

1antermae maduletiielooks floatethinghe eppearance of thexnardcontacti iC the
card 10. As discussed above, it is revealed that in the case.in which the

Cpatternt38 hasE thibknesnobT(® artof4 padntiusives  therémperatiéB, and
sensor 22A does not detect any abnormal temperatures and such a

agrablem Hoesinctadse HFaRe ARl hidda 11asdis fodtedipnahrr face
appearance of the noncontact IC card 10. In addition, it is revealed that in

affefcase TP IRAPHR paftefP33ihas AiRickNeSBPS BRE bétaudd e,  the
thickness of the gjattern 33 is thin, the effect of heat dissipation is small,

CHAG e RMpera esehof DoAHetsERFab e thickness.

Furthermore, it is revealed unfavorable that in the case
in which the pattern 33 has a thickness of 50 pm, the temperature
sensor 22A does not detect any abnormal temperatures but the
antenna module 11 looks flcated in many noncontact IC cards
10.

Next, Fig. 8 shows the result of experiments in the case
in which a pattern 33 is formed on the noncontact IC éard 10
in the shape and size shown in Figs. 9 to 13 ha{rj_ng a thickness
of 20 pm.

On the first line shown in Fig. 8, the items “shape and
size’”, “area ratio”, “thickness”, “whether to detect an
abnormal temperatﬁre by the temperature sensor”, and
“communications with the reader/writer” are described. On the
second line, as the descriptions corresponding to each of the
items, “Fig. 97, “0.5 times”, “20 pm”, “not detected”, and “no
problem” are described. Onthe thirdline, as the descriptions

corresponding to each of the items, “Fig. 57, “two times”, “20
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an abnormal temperature. Moreover, in the case in which the pattern 33
has a thickness of 5 pm, aluminum has a thickness of 5 pm that is
bonded to the surface on which the IC chip is not mounted. Thus, the
thickness of the conductor 32B is 5 pm that is formed on the surface on

pmwhick the 1y chip s Dgtmowipteds However .24 thecase Jp whichy

aluminum has a thickness below 10 m that Is bonded to the surface on
which the Kz ghipisnot meunted, nimbeles armaenerateghin alBiKiht ions
which might cause an increase in the resistance value, fluctuations in the
ceapasitanceiefdhecendaenser formettinthe comductor 82, andl tai heake, “20
in lines in association with variations in the surface area. Therefore, also
urir the siewpoints of ghrse, dhel thicknessobfi=misareudtayorailed. oOn the
thickness. Furthermore, it is revealed unfavorable that in the case in
T iwHikh therpattern 33 hadesthicknesSoR5C AT, s eonperatireo seashr ¢f the
22A does not detect any abnormal temperatures but the antenna module
1gneeks flotted I mafy AoncoARCE IC2ardE 10, Neke FigB shows grnds) ”,
result of experiments in the case in which a pattern 33 is formed on the

2BPncoitaBtiBeHE 102 iftheShape 3fd sizéEhowtFinFigslo topg - as the

having a thickness of 20 m. _. , i
descr pt{an corresponding to each of the items, “Fig. 127,

“20 times”, “20 um”, “not detected”, and “communication error
when offset” are described.

In other words, the second line describes that as shown
in Fig. 9, the shape of the pattern 33 is a sguare, the area
ratio is 0.5 times, and the pattern.33 has a thickness of 20
pm. In this case, it is revealed that the temperature sensor
22A does not detect any abnormal teﬁperatures and there is no
problem of communications between the honcontact IC card 10
and the reader/writer. The third and the fourth lines describe
that the thickness is the same as that described in the second
line but as shown in Fig. 5, a sguare pattern 32 having an area
ratio of two times is formed, and as shown iﬁ Fig. 10, a
rectangular pattern 33 having an area ratic of 16 times is
formed. In both cases, it is revealed that the temperature
sensor 22A does not detect any abnormal temperatures and there

is no problem of communications between the noncontact IC card

10 and the reader/writer.
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On the first line shown in Fig. 8, the items "shape and size", "area ratio",
"thickness", "whether to detect an abnormal temperature by the
temperature sensor”, and "communications with the reader/writer" are
described. On the second line, as the descriptions corresponding to each

of the JiemsHig.o3, "Vimtimest 30 me, NoLdeteciediand Q. shape and
problem" are described. On the third line, as the descriptions

rcorespenrdingdoeachofibedtems,cElg. So.s'twa HIES n"30h 22405008t 1ine
detected”, and "no problem" are described. In addition, on the fourth line,

t@astthe deserptions weresposdinghisvweachrofthe itents, "kigs d02r'46pattern
times", "20 m", "not detected”, and "no problem" are described. On the

3 $iftialinien gsathezdestriptions cofrésporiding:to éach of theel items, Hig.sltsse,
"0.2 times", "20 jim", "detected (60 seconds)", and "no problem" are

ideseribedv Gl sitthtinefas thedb Weseriptings cérespdidingeneachiofy of
the items, "Fig. 12", "20 times", "20 m", "not detected", and

CoEBHmuARBLOA Brréh WREADHEEE AFE RBBAEUZ HPottdraFdrds thebnormal
second line describes that as shown in Fig. 9, the shape of the pattern 33

RO GG ThE AFe& 1B isD BUMES e aRBTRSE S Athieknesy een

of 20 m. In this case, it is reveaé;ad that the temr%)erature sensor 22A does

A6t BABEPATY Snormat tmperatias andShéreighn’ T teT -

-'quthermore, the sixth line describes that the thickness
is the same as that described in the second to the fifth lines
but as shown in Fig. 12, a rectangular pattern 33 having an
area ratio of 20 times is formed. In this case, it is revealed
that the temperature sensor 22A does not detect any abnormal
temperatures but a problem arises that communication error
OCCUurs in,commuﬁications between the noncontact IC card 10 and
the readex/writer, in the case in which the position of the
noncontact IC card 10 1s shifted from the position
corresponding to the reader/writer in the state in which the
noncontact IC card 10 1is in intimate contact with the
reader/writer (her@inéfter, it is referred to as the case in
which the noncontact IC card 10 is offset).

As discussed above, it is revealed that in the case in
which the area ratio of the pattern 33 is between 0.5 times
and 16 times inclusive, the temperature sensor 22A does not

detect any abnormal temperatures and there is no problem of
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problem of communications between the noncontact IC card 10 and the
reader/writer. The third and the fourth lines describe that the thickness is
the same as that described in the second line but as shown in Fig. 5, a
square pattern 33 having an area ratio of two times is formed, and as

cShawriindig ot &, {eqlangulanpalien 33.having an arealalioofds, it is

times is formed. In both cases, it is revealed that the temperature sensor

r&éAedees niok detect aryahnormaltemperatiresand therecis Aapwblettern
of communications between the noncontact IC card 10 and the

3readeriwpteri 23 4n addiionf the-fifth ine describesdbatthecshape apd 11 and
thickness are the same as those described in the second line to the fourth

thire bahas shownen Fgn ddy aSguacepatters Ihhaonng anared eatieoh ture
0.2 times is formed. In this case, it is revealed that after 60 seconds from

bewabeginnity of %mﬁuﬁ@m%tﬂm@ﬁpéatmaéehsormﬁt@@ém it
abnormal_temperature but there is no problem of communications

1 petifaett 156l nbRESNtAR IE18atPES and tE YeadeHifiter Farthaimeredt the
the sixth line describes that the thickness is the same as that described in

Pt Sedonitothe 4ifth iR S hut 48 shGRR fFEigR T2, £F&daTgdafpaftem not

33 havin ea ratio of 20 times is formegf In this case, it is re ealed |,
B e CAp ARHTE VRGP IR GbE ROt Ay aeN Al oF 2fominun

bonded to the surface on.which the IC chip is not mounted, that
is, the space to block radio waves becomes large, which causes
communication error in the case in which the noncontact IC card
10 is offset.

From the experiments shown in Figs. 4 to 13, it is
revealed that the area ratio of the pattern 33 formed in the
noncontact IC card 10 is between 0.5 times and 16 times
inclusive, and the thickness is between 10 um and 40 um
inclusive, whereby the temperature sensor 22A can be prevented
from detecting abncrmal temperatures with no occurrence oI
problems of the appearance and communications. Then, the
prevention of detecting abnormal temperatures suppresses the
termination of communications in the case in which the IC éhip
22 is placed within the distance of allowing communications
with the reader/writer.

Therefore, the area ratio of the pattern 33 preferable

to the case in which the IC chip 22 has the temperature sensor
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temperatures but a problem arises that communication error occurs in
communications between the noncontact IC card 10 and the
reader/writer, in the case in which the position of the noncontact IC card
10 is shifted from the position corresponding to the reader/writer in the

2 Btatere whieh thee foreantact|Ci card 16yjs dvintimate. ¢ariactwith the +imes
reader/writer (hereinafter, it is referred to as the case in which the

1 oneantast ICeaid 1Qds offset)Assliscugsed abpuenit isdevgaledthatin un
the case in which the area ratio of the pattern 33 is between 0.5 times
iranth G ties inclusive, the temperature sensor 22A does not detect any
abnormal temperatures and there is no problem of 24 communications
with théoreadedwriter nintEdditiorng dus meweate dithat int thedcagedm avhidONY “ s
the area ratio of the pattern 33 is 0.2 times, the effect of heat dissipation
higbnrallesier itte ferpperatarsisanstr PpArddisctssadlabhvimah the case in
temperature because the area of the pattern 33 is small. Furthermore, it
W@@%@a%ﬁaﬁﬁﬂﬁ"fﬁé eSS iMwRIEhthE afda fatic bithe Dettetnt3si BONY' s
times, the temperature sensor 22A does not detect any abnormal

ORSmprafies bt thé SPREE B ARfmifiiT Portied RPhEIEHTaCe oh whikRrm21
e e e o s oot
aQE%”%%%”¥%%é éé%% is formed in the noncontact IC card 10.

However, even though 2z reader/writer having higher
electric field than SONY's high electric field reader/writer
- is used, the time period of detecting an abnormal temperature
frmnthebeginningofcbmmunicationstendstoprolongmorethan
the case in which the pattern 33 is not formed. Therefore,
even though a reader/writer other than SONY’s high electric
field reader/writer is used, the pattern 33 is formed to
suppress the rate of occurrence of detecting abnormal
temperatures by the temperature sensor 222, or to prolong the
time period of detecting an abnormal temperature from the
beginning of communicafions,

Meoreover, the shape of the pattern 33 is not necessarily
a sguare ér a rectangle; it may be a cross, for example.

Furthermore, the embodiment of the invention is not
restricted to the embodiment described above, which can be

modified wvariously without deviating £from the scope of
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10 is offset. From the experiments shown in Figs. 4 to 13, itis revealed
that the area ratio of the pattern 33 formed in the noncontact IC card 10 is
between 0.5 times and 16 times inclusive, and the thickness is between
10 pm and 40 um inclusive, whereby the temperature sensor 22A can be

r Preyenigd framidatecting-ahngrmal iemparatures with ng,pccurrence of

problems of the appearance and communications. Then, the prevention
of deteating,abnermal teraperaties HipPresses theitermpation 8t art that
communications in the case in which the IC chip 22 is placed within the
valistance efallowing eammnicatiens vdthithe sgadedwritesmbherefdrens and
the area ratio of the pattern 33 preferable to the case in which the IC chip
a P2<hastthertemperaturecsensoe iz 22A incorposaied dherelis hetveert s and
0.5 times and 16 times inclusive, and the thickness is between 10 pm and
o7Dan ihslosives Mbreovet rinalse Bksarinterts duschibad Bbeves S@RY'SE the
high electric field reader/writer is used, but in the case in which a
2 PERIETRitEF Ralifg PigHer elEdid Al tharP SONSS The is used, the
temperature sensor 22A may detect an abnormal temperature even

though the pattern 33 having the preferable area and thickness is formed
in the noncontact IC card 10.
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However, even though a reader/writer having higher electric field than
SONY's high electric field reader/writer is used, the time period of
detecting an abnormal temperature from the beginning of
communications tends to prolong more than the case in which the pattern
wrs-is;not farmed. rhegefore, even though a reader/writer other than
SONY's high electric field reader/writer is used, the pattern 33 is formed
to suppress the rate of occurrence of detecting abnormal temperatures
by the temperature sensor 22A, or to prolong the time period of detecting

an abrniarmaktespesatute fiomnihe Begindinghf eemanmnicationscil formed
Moreover, the shape of the pattern 33 is not necessarily a square or a

ofeetangle; it May beaancrossfondraraple. dzuethBomore] the embadiment ting
of the invention is not restricted to the embodiment described above,

sSWHiGH ear bet hiodiffedararipusly vt ucdaratirgiftgm the scope of 26
teachings of the embodiment of the invention. It should be understood by
those §kifted i the art kAt vafous heuiieatidins, comBiRatissmunications
sub-combinations and alterations may occur depending on design

dPEGuirdmenits ahbSo@r Fattdrs ihS6r s %Wa%%ﬁi%ﬂﬁh%%‘ﬁ%@(ﬂ {he the

nded claims or the e uwalents thereof. 27
lngeiagzng sugs rateq

a pattern formed of a metal foil,
wherein the pattern is formed on the insulating substrate

on the oppesite side of the control circuit through the

insulating substrate, and
the control circuit has
a detecting means for detecting a temperature of
the contrel circuit, and
a control means for terminating the communications

when a temperature of the control circuit is egual to or above

a predetermined temperature.

2., The antenna module according to claim 1,

wherein a space on the insulating substrate on which the
contrel circuit is disposed and a space on the insulating
substrate on which the pattern is formed are at least partially

cverlapped with each other through the insulating substrate.
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What is claimed is: 1. An antenna module in which an antenna coil formed
of a metal foil and a condenser are formed on an insulating substrate, the
antenna module comprising: a control circuit configured to control
communications done by the antenna coil, the control circuit disposed on
the insulating substrate; and a pattern formed of a metal foil, wherein the

pattern is formed on the insulating substrate .on the opposite side of th
ConteOr cHEUEURBRGHTR T atha SR Bt e LA crcd hs

a dete ti%means for detean atemcperatur of the chntroI circuit,,and a
wie 1nan arag o Sace o1 he ll’lﬁu atin sd%ostr?te
control means for terminating the"communications when atem%era ure o

on Wﬁi‘@‘i‘%‘e%%@%@ﬁ%%‘ %?:A koye glrg %H‘?ré‘li@e@i‘rﬁgg)‘iﬁlﬁui% imes,

The antenna module according to claim 1, wherein a space on the

i nisylating substrate onyhichdhe controligiruit js;dispesed,andgspacee on

on the insulating substrate on which the pattern is formed are at least

wh Patially oveslapped witheach-other threyghsthe insulating substrate. 28
3. The antenna module according to claims 1 or 2,

4, The antenna module according to any one of claims
1 to 3,
wherein a thickness of the pattern is between 10

micrometers and 40 micrometers inclusive.

5. An antenna module in which an antenna coil formed
of a metal foil and a condenser are formed on an insulating
substrate, the antenna module comprising:

a control circuit configured to control communications
done.by the antenna coil, the control circuit disposed on the
insulating substrate; and

a pattern formed of a metal foil,

wherein the pattern is formed on the insulating substrate

on the opposite side of the control circuit through the

insulating substrate, and
the control circuit has
a detecting unit configured to detect a
temperature of the control circuit, and

a control wunit configured to terminate the
29



wherein an area of a space on the insulating substrate on which the
pattern is formed is between 0. 5 times and 16 times, inclusive, an area of
a space on the insulating substrate on which the control circuit is
disposed. 4. The antenna module according to any one of claims 1to 3,
wherein a thickness of the pattern is between 10 micrometers and 40
micrometers inclusive. 5. An antenna module in which an antenna_coil

CORBHTRHC o a thétal fifarftl & TBREEASET He formedforr SR istiatiigr U & 35

substrate, the antenna module comprjsing: a control circuit configured to

*9Bgihrdi AR E4forts HoTEHsHE BAthna LR HR BTl cirevit
disposed on the insulating substrate; and a pattern formed of a metal foil,
wherein the pattern is formed on the insulating substrate on the opposite
side of the control circuit through the insulating substrate, and the control
circuit has a detecting unit configured to detect a temperature of the
control circuit, and a control unit configured to terminate the 29
communications when a temperature of the control circuit is
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equal to or above a predetermined temperature. 30 ANTENNA MODULE
ABSTRACT An antenna module in which an antenna coil formed of a
metal foil and a condenser are formed on an insulating substrate, the
antenna module includes: a control circuit configured to control

communications done by thexgftpRga Cibdhg gontrol circuit disposed on
the insulating substrate; and a pattern formed of a metal foil, wherein the

pattern is formed on the insulating substrate on the opposite side of the
control circuit through the insulating substrate, and the control circuit has:

a detecting means for detecting atetrexature of the control circuit, and a
control means for terminating the communications when a temperature of
the control circuit is equal to or above a predetermined temperature. Fig.

! An antenna module in which an antenna coil formed of a
metal foil and a condenser are formed on an insulating substrate,
the antenna module includes: a control circuit configured to
control communicaticns done by the antenna coil, the control
circuit disposed on the insulating substrate; and a pattern
formed of a metal foil, wherein the pattern is formed on the
insulating substrate on the'opposite side of the control
circuit through the insulating substrate, and the control
circuit has: a detecting means for detecting a temperature of
the control circuit, and a control means for terminating the

communications when a temperature of the control circuit is

egual to or above a predetermined,témperature.

Fig. 1
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