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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exchange information, they are applied in various fields including
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field, security

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 Cirﬁuit)
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



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 an antenna module, and then the antenna

gahedulgds sandwished pepwaersa paiy oficard ferning isheets 0Ba security
synthetic resin. Therefore, the noncontact IC card has semiconductor

syropegies sueh as a degeadation ik Peopetties andia reduttion imanagement
-reliability due to a temperature rise. In recent years, as part of

s coumtermeasheesttopretect security against a temperature rise, it is
considered to prevent a temperature rise in the IC chip caused by
comminications. tRortthistmethodl, seich abméthat dstinvetdd fhwhicint enna
a noncontact IC card having an IC chip connected to an antenna coil by

capite v Ading pdckaging. aTHe tif folhSatarikia termed Yetwen Hfeteunted
ngi and an insulating substrate mounting the chip thereon, wherepy the

Ot
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Patent Reference 1 (JP-A-2000-163543)). However, in th ' ich .
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skggiégtig cgg %Ct&%g%%%q%%dgg sf’j‘inr_aI psu]lagg%g%%%g{i,tetwghn%%negﬁtagct IC card
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.



Thus, it is difficult to form a metal foil heat sink between the IC chip and
the insulating substrate mounting the chip thereon. Therefore, in this
case, itis hard to accelerate heat dissipation in the IC chip. In addition, as
part of countermeasures to protect security against a temperature rise,
such a techpique is_ also invented in which a temperature sensar is

Thifsunted in*&n IC cHip Bt nonconta’t i card Bnitomnilmicatios S0
be threeigh ahantehnalcoil arstermirmatedisithe tase irrwhichr #te mounting

crlemperaturg senspr detegls thatthe temperatyre of the, 1Cchipreaghesia g
predetermined temperature. SUMMARY OF THE INVENTION However,
2CHPHS 8aSe,\FRéEN T%é?e’lrﬁﬁéﬁéi’&relé‘f the9Ct chiprises due to

comraunications.ceven though the |IGhipoisrplaced-withirethe distapeeobct
se 8llowing communications i, a readerfuriter, the (G ghin might ot oy 5

commanicate with it. Particularly, under high temperature environments,
alfifis decias Fisticedbly i ishhds desivebie tolaceeftafeHeat Hissipatibhdn o
ananTi€ chipiand &a suppress thentermination of cammuicationsrimthecasen s
thin which commgnications aie stgp%%q:dgggncggg on ttggeterg Seeraatlfre %fhich

the' cﬁi%. iinna?irrléiaas%%%: of the inveﬁhon, %ere iS provided "an antenna
theodelerrwhichcansamenna doit forpfedt3at 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



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

°f cBnth6l Greuft throudithé inStiStiny Subdtite! ahtitHe LnitBI cifdtiit fas:9
subgetectting meansfor detecting:a tempenature of¢he eontrol circuitcdndtait

cofi@Rtolmeans forigmminating the.commuynicationswhen g, temperatyre o,

the control circuit is %iual to or above a predetermined temperature. In
Cofne antefifia MEAUIE Accofdifgto an eMbdtifent of the ventidhSalating
subpace 08 thexinsulating=substraterermdichothe contealcircuib s dispasede i n
and a space on the_insulating substrate on which the pattern is formed
o P ot partl e P aith SA T GHHes (ot e T o the
orRstldtihgssubstrate. Th the anterma moddleidecbiding 36 aplemBediment 109

subk ke inventian, anarea of a;space oathednsylating ssubstrate-9n whiche n <
theCPattern is formed mﬁ?:}/ be between 0.5  times and 16 times, inclusive,

LOnn SFes & isulafing substiate GHWwhith tiie totror cifcdtiit 2

An &fea6f a'Space o
cojst disposeth: s thé @antenramioddlérarcording tocamembodimentof 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.



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 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

commurficatforsore i ite &itehAs il Bie-daRtrol ciRaft dispored bried
anthe insttating rsubsteate] andva patterarformedeafraametat foil, ivherein the =

nefafern s fprmedion hepsylaling subgtiateon e, opgositg side ot e, ;
control circuit through the insulating substrate, and the control circuit has
sug Hetectivg UHIE cORfiGired tBUSiedt LEMmperatute of the toritst kirgdigcult
coanfd guuenirokunit configuned taterminate-then eonypypicaipng whengrenna
colfmperglure of the control dreuitjs equal to or.above, a predetermined. .
tlen‘lpera Ure. IA"an embodiment of the mvgntlon, the Control Gircuit that =9
sUEGTItEGIS comaithicatiors-dene byt thenantesria coil foirmed éfca metallfsitein

+h@n thednsulating;substratesis isposed ondhe insulating, substrate, and - pe
the pattern formed of a metal foil is formed on the insulating substrate on

OPIRB IpSosTth Eidé bf theoontror Eiféuit thidtigh the Tati&ting Sublstrite 3hine
suadditieniethe eontrottoircuitdetects the. températuessof thecontrot cinguitpnit

c&ﬂ%lgured to detect a temperature of the control 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.



terminates the communications in the case in which the temperature of
the control circuit is equal to or above a predetermined temperature. As
discussed above, according to embodiments of the invention, heat
dissipation is accelerated in an IC chip and the termination of
communications is suppressed in the case in which communications are
stopped dependingon the® terhpérattird6f thef chaiil "5 BRIEF
DESCRIPTIOMN:.OFTHE DRAWINGS FHg. 1sshows:a cress.sectignicting a
noftsfuaicaly depiafind a, napgantact|C.gard doudich an embodimentaf; o,
the invention Is adapted; Fig. 2 shows a plan view depicting the antenna
&hown in Fig. 1 seen from the mounting surface side; Fig. 3
shows @.plan viewwdepictingathe andennaempdule: shewa inkigdrseefodul e
<nirom the E%rfac on Wh%ct%thoeml%ggipmgsug%t.mounted' Sa Figi es_hows a
giagram e plar view

is

ﬁc’:ting the resufts of experlmentst;n Igig.S Is%aoc\i\?s a
depiktifig the patterh of aradaconiast |Camkdbsad inttie experintentrkigile
shBshows a:plan view depictinganether pattern-af anopgontact|C.card iy,

. _used in the experiment;
is not mounted;
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Fig. 7 shows a diagram depicting the other results of experiments; Fig. 8

shows a diagram depicting still other results of experiments; Fig. 9 shows
a plan view depicting still another pattern of a noncontact IC card used in
the experiment; Fig. 10 shows a plan view depicting still another pattern

O_f the E"QL@QP”@C%@&@@ usedsindhe expen@ent £ig,d1 §|91%W5§e_%|§@ts of

view depicting yet another pattern of the noncontact IC card used in the
egxperment and Fig. 12 shows a plan view depicting still yet another

pattern of the noncontact IC card used in the experiment. DETAILED

DESCRIRTION efcidE ANYVEATIQN ¢lereiaafterr anembodimentofthe of a
invention will be described. The following is examples of the

ngorespganente betwkerseshfigurdtion reguirementstor the invention
and the embodiments of the specification or the drawings. Thisis -
descrilf&dfor configningahat Bie ermbodifrpiscsubpartingiiess imeentionn of
are described in the specification or the drawings. Therefore, even though
2tHEPE O @b odiment fhat i schibed Sin T §edifatiion or the
drawings but is not described herein as an embodiment corresponding to
configurafion feqitrefefts it e TVERBOT Hdbe TG Mattthat gt ts of

embodiment does not correspond to those configuration requirements.

=Bty

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



to this, even though an embodiment is described herein as an
embodiment corresponding to configuration requirements, it does not
mean that the embodiment does not correspond to configuration
requirements other than those configuration requirements. An antenna

1 fRRAplg grcordingda apsembodimenfofdhe inyantion,is,an,aniennady . o |

module (for example, an antenna modulé 11 shown in Fig. 1) in which an

TREteINCO] HoL £XamRls Harnarenna sail 3hshownindid, 2) formedafa o4

metal foil and a condenser (for example, a conductor 32A shown in Fig. 2

iAnth & £eaduetor 32Bshewntnd-igr 3y aresfarmed 08 apinstaliRgbes herein
substrate (for example, an insulating substrate 21 shown in Fig. 1) , the

aantenraoiite includingea pomtenl ciscuid (fosrexample ran i chip:22ement s
shown in Fig. 1) configured to control communications done by the

Tantenma doily ¢hne Controlidirctitedisposecher the: nstlating sulbistratejsand does
a pattern (for example, a pattern 33 shown in Fig. 3) formed of a metal

NG, chersin ol ortdinds fosned oA thaihsoatingsubstmtsds theContrary
opposite side of the control circuit through the insulating 7 substrate, and

tﬂnegééﬂroﬁéﬁ%it%%me%@cm{%@éﬁ@ﬁ& Exafgiiera kafpErargen as an
sensor 22A shown in Fig. 2) for detecting a temperature of the control
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Fig. 2) for terminating the communkijcagons when a temgerature of the
d&ﬂﬁﬁ)%icﬁFan that the embodiment does hot 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



is equal to or above a predetermined temperature. Hereinafter, a specific
implementation to which an embodiment of the invention is adapted will
be described in detail with reference to the drawings. Fig. 1 shows a
cross section schematically depicting a noncontact IC card 10 to which an

s grkadiment of thelnvention. is adapted; henoncontact 1 93@ #9ans (for

shown in Fig. 1 is configured in which a pair of cover sheet materials 13

et IS Hsedhio- sandwich:an aptenna nedila 14 thagcomniuicatessct ing
with external devices in a noncontact manner through an adhesive

a Wmatatial dayers bx The aftennasmeshite-Ll is, cantigured ot an insdating (for
substrate 21 and an IC chip 22 mounted on the insulating substrate 21.

etantheinsulating substrate 21 ra’ypicah high jpolyiner fin i usedkonating
typical high polymer films, there are resin films such as polyester,

t ipelyathylens terephthalates(PETY, grahetipiene naphtdimalaten(PEN), circulit
polyimide (PI), polyethylene, polypropylene, polyvinyl chloride, acrylic

1 PesiAd Folycarbon&B o850y respEereatesing, imaie B4Esins, and
melamine resins. A high polymer film used for the insulating substrate 21
is not Fé&tiRkidtRpatitulady adPIBAG TaCthe TRt RS THSUTAtRTY prdpeltiesch an

Moreaqver, hereinafter, as long as not particularly , ) i
embodiment of tThe 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 is configured c¢f 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



specified, the surface of the insulating substrate 21 on which the IC chip
22 is mounted is referred to as a mounting surface, and the surface

opposite to the mounting surface is referred to as a surface on which the
IC chip is not mounted. Around the IC chip 22, a pair of metal reinforcing

r0laies 23 Ande4 syoh as.stainless stgel isproyidediibat sandwiches fhe .y

IC chip 22 from the mounting surface side and the Surface side on which

1 thealG ehipdsnot srounted: The reinforcing plates 43.and 2&@1%99{9@9 long

with a reinforcing plate adhesive 25. For example, the reinforcing plates

ag3and 24 are a=stainessisheptandibgdhiekness thereof is decided
depending on the strength of the IC chip 22 necessary for the noncontact

IC cardid@ enddhe layet-eanfigitratign of the nengondact Ko wcaptht@.laularly
addition, the shape and size of the reinforcing plates 23 and 24 are .
sdecidéd érlaccbrlanoetwith the dhteridimehsions ofsthedCmhip 221 on which
Moreover, the reinforcing plates 23 and 24 are not necessarily a stainless
tEifeéfashomy&d imararidls ednisureffsrovidd the stfepdtivohthelT shipface,
22 necessary for the noncontact IC card 10. For example, the reinforcing
2Hfatd ABheSvE ISP DG aehesive. FPaddidsrs the féms of #fe referred

reinforcing plate adhesive 25 may be aBr%(y forms as long as adhesives can
to'th

ERorictife reitfoftitg PRl 28 AnkiS4 thIh& IE Bhip22 ormounted.

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
stainlesssheet,andthethicknessthereofisdecidedd@pendiﬁg
on the strength of the IC chip 22 necessaxy.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



example, the reinforcing plate adhesive 25 may be a film adhesive sheet.
In addition, the form that the reinforcing plate adhesive 25 covers the side
surface of the IC chip 22 is varied depending on the form of the
reinforcing plate adhesive 25. The form maybe any forms as long as

lf&gﬁ%cgﬁﬁggmgmw%thfdﬁﬁ%g ,negﬁ%sa%{,q{ tl&% Ic&kcfglpr%zinf orcing

reover, the bonding scheme of the reinforcing plate adhesive 25 is

plaried depending o the majerialof the reaforcing plaje adheslye2], &0 can

example, in the case in which the reinforcing plate adhesive 25 is an

b&R@Yyadhesiver thermosetling-isdlesyable) For example, the adhesive. ror
material layer 12 is formed of a two liquid epoxy adhesive. The two liquid
cepayy adhesive is-amadhesive thal atcempauad (kasexesimpgortainiag £ilm
an epoxy group is mixed with a curing agent containing amines or acid
adinbydnidessioe bonding by curing reaction. For the compounds containing
an epoxy group, bisphenol A, hydrogenated bisphenol A, novolac resins,
bisphehol & idrmiraticiepoxynasins; tjslic alipHaticcdpoxp esinsadhesive
glycidylamine resins, and glycidylester resins are named. In addition, for
2Eheevifing Adenedottaining anfirnes 6P acd aihierides, alHatR bAmaRRIL R
and secondary amines (such 10 as triethylenetetramine and

CRipkESy IEFRRTINEY, Alfhatie Ry Tfngs &beh 28N RethaRofaimine’ ARd® orm

reaction :
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
then@terial<xfthereinforcingp&éteadhesiveZS. For example,
in the case in which the reinforcing plate adhesive 25 is an
epoxy adhesive, thermosetting is desirable.

- For example, the adhésive 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 cgring 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



products of aliphatic primary and secondary amines and epoxy), aliphatic
polyamines (such as diethylenetriamine, tetraethylenepentamine, and
bis(hexamethylene)triamine), aliphatic amines (such as
metaphenylenediamine, di amino diphenylmethana, and

a diaminodiphenyisulfone), amine aaf@c@uc&agj&lgtsﬁ{%@%m%deU%ﬁr%gatic

polyamine and an epoxy group), aromatic anhydrides (such as trimelli
+ aphydrid, andy, pyromellitic aphydrde) dicyandiamides and derivatives. - o+ ; on

thereof, imidazoles, and thiols are named. The cover sheet materials 13

pabddd-are eanfiggred-afc aehemicpl slemeatena mxtue ol PolyesiesS ox y) ,
such as polyimide, polyester, polyethylene terephthalate and

apobiethylene napphtabalaie spolyolefinstsuch as propylepengeltesesi anine,
such as cellulose triacetate and cellulose diacetate,
tatmdariitrije-butaoieris:styrene resim acpylenitrdetstyeenefesie ) triamine),
polystyrene, polyacrylonitrile, polyacrylic methyl, polymethylmethacrylate,
apélyheiylic ethyhrahdgsoly(etHyethacrylate), andeingtiesinglstuchdisamine,
vinyl acetate and polyvinyl alcohol, and polycarbonates. On the cover
diRaetingieriafv3 BRE 120 foxt aRE pakemsrRyHespminted b ofger amine
printing, screen printing, and gravure printing. Fig. 2 shows a plan view
2tepiching thie ahtérhind friodtle 1 PTPSHEWR irf Eig A1SE8hifsmane an spoxy

moun}ing surface,side, and, . : L :
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



Fig. 3 shows a plan view depicting the antenna module 11 from the
surface side on which the IC chip is not mounted. In addition, in Figs. 2
and 3, dotted lines depict elements on the opposite side through the
insulating substrate 21. As shown in Fig. 2, on the mounting surface of the

11ngwWaiing substate 21, %&P@Q@%CQ%%H&SH}@QM@ metatfoll iS5 ge, and
formed along the edge part of the insulating substrate 21, and the

Fiantennareiis3k ipcannectess tathe K ehig 22qay Jneunting hedeiehipi22 rom
in flip chip packaging. In other words, projecting electrodes (bumps)

tHermed oadhe giteldt surfaed iefiihe Ha chip 22ie cannestad todhated. In
antenna coil 31 through an anisotropic conductive film or an anisotropic :

adgondiotive ipasie gdhesiverMoioven forekahiple sthedCichip 22amay:be on
packaged by wire bonding with solder. The antenna coil 31 communicates

thatreextemidielevices hyhasinghadibavaves U C chip@2shiasiae 21.
temperature sensor 22A and a control circuit 22B incorporated therein.

The témpératie seRsof 22A detectithé iempersiue BetheucTams 22f the
~ The_control circuit 22B controls communications done by the antenna coil
IBFUERF ARANTHE S TR Eade in WhiER TR T peratureldéRERR by the metal
fte peri%ﬁlge sens% 22A is a telg1 erature equal to or r(;;ﬁ;er than a ‘

BhesA e pBTETLRA. (el ThaER YETarTii 16 s SReabAGTHIER tetiperatan 2 e
211, fOMHQ qlreuit 228 terminajgs communications. The.s&t 12 cnip 22 by
mounting the IC chip 22 in flip chip packaging. In other words,
-proijecting 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 temperature 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



temperature is the lowest temperature at which a degradation in
properties and a reduction in reliability occur in the IC chip 22 due to
semiconductor properties. In addition, as shown in Fig. 2, on the mounting
surface of the insulating substrate 21, a conductor 32A of a metal foil is

, Sh iR Ei f f I ti .
-GS o He L g svleneg! e s i -

1 formediatinenosition copespanding 19 the-conduycton32A I » i1 the 1C

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

cinsylatingsubstrates 241 By his condensesJhedreguency of the antenna
coil 31 can be set to 13.56 Hz, for example. Furthermore, as shown in
Fig. 3, on thesurfase ofthes insulating stigstrate 24 amwhighiheilkgcbiprface
is not mounted, a pattern 33 of a metal foil is formed in the space _
o tottespomslinige td the space pa tkedouatingsdtface orB&hictt ther€cctlipfoil
22 is mounted. Moreover, the space to form the pattern 33 on the
isurfacermtiwhighdhe KC etfipwsndtrmdiinted iS overtapped withr flsecspace the
on the mounting surface on which the IC chip 22 is mounted through the
iinsulding subsiraf 2B s déseibed dlsdve; iethCantehnaimodale rpunted,
since the pattern 33 of a metal foil with a high thermal conductivity is
2fornRE T B Bpacé Bn e 8urfite®dn Wwhith thesICEERBTS ot nfotmtet thid 1on
space corres%?nding to the sgace on the_mounting surface on which the

C@Eﬁiﬁ%‘ig guﬁ%a:k}.ﬁe&o ductor 32A. The conductor 3228 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 is 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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13 dissipation in the IC chip 22 can be accelerated. Consequently, a
degradation in properties and a reduction in reliability due to a
temperature rise in the IC chip 22 can be prevented. In addition, the rate
of occurrence of detecting abnormal temperatures by the temperature

4503924 fan, b suppressed, And cogumunications cap be E@YEQEﬁﬁiennt 1y,

from being terminated in the case in which the IC chip 22 is placed w

a t@@ﬁi%@%&f allpyingpearpmunications with the readerwritar; apility due
e

Furthermore, in the antenna module 11, since the space in which the
t palterradds formed isi averdappedwith the space eawhich hekeehinds 1n
mounted, heat dissipation can be effectively performed through the
apatied33. Incadditioat ¥ is stifficientihatthe spase indehieh tthegatitinormal
33 is formed may be at least partially overlapped with the space on which
t thepkrehip22sisomaureetenokoveriappedeniti rachothenibb the entiree s sed,
space. The antenna coil 31, the conductors 32A and 32B, and the pattern
233 devonibad abbieate f6imb¢ iPEECIEA VWY thara benduttivepasiafsed in
printed on the insulating substrate 21, or that the insulating substrate 21
thfidsRiatinate bhse maferldl eRaPnetal 16l BdaTas ardiliminkmddil ot nce

copper foil are etched in a circuit shape. Moreover, printing with a

o&oriduttive PAsEPBFERhRS PeFfofmid ohbhe &rflts Ghe by bne.

Therefare, desirably, the thicknesses of the antgnria .
Furthermore, in the antenna mcdule 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 partialiy'overlappéd
withtﬁespaqaonwhichtheICcﬂﬁ$>22isnwunted,notoverlapped
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



coil 31 and the conductor 32A formed on the mounting surface 14 are the
same as the thicknesses of the conductor 32B and the pattern 33 formed
on the surface on which the IC chip is not mounted. In addition, since the
surface topology of the antenna coil 31 is reflected in the surface topology

a2 the nangpntadt G card 10, preferably, Jhe sydacs isflat Jﬂ:ag%' Ofnd the

the IC chip 22 shown in Fig. 2 has the temperature sensor 22A

péqqggggraggd hgreiny it ittmay Dt have tB%t%m@%@tlé@eSQ@%k?—z?ﬁ\ is not
incorporated therein. In this case, the control circuit 22B does not

mdermiBgte communieationsn depending onrthe abnarmal terapeyatiye obthethe
IC chip 22. Next, with reference to Figs. 4 to 13, the result of experiments

anilbhe desetibed foridetesriningtthe size antk thickfesseoftthepatien 38 the
preferable for the case in which the IC chip 22 has the temperature

ngersort22A intorporatedl theremegds=showryin Fig.e2.srirst of all ia methdd
of fabricating a noncontact IC card 10 used in the experiments will be
descriBed. asaiffrdostep, Aigmifanchaving & thickeiels bh 30 Y s Bolded the
to the mounting surface of an insulating substrate 21 formed of a PEN

CBHBE RTdiEAS FRAMRP A tRieRNESSCEIE0R2 TRl AlifTTUm havitig 4t may not
thickness of the pattern 33, described later with reference to Figs. 4 to 13,

B RSohHECtERE SBFfAEE 8%\‘?}%1%%@%%%%%&5?@0“%% secohd i

cggg,thecontrolCchu&t22Bcﬂxﬁsnotterm&natecommunlcatlons
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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insulating substrate 21 is etched that has been bonded to aluminum in
the first step. Thus, the antenna coil 31 and the 15 conductor 32A are
formed on the mounting surface of the insulating substrate 21, and the
conductor 32B and the pattern 33 are formed on the surface on which the

-G ShIR 5ot mounied. 8 A g Siep. 4 1C GIR 22 heNing albipkness o

175 gmin 4 mm square, that Is, having an area of 16 mm 2'is mounted

i OB the meunting syrface by-flinchippackaging wheteby the | chip 228 e rn

connected to the antenna coll 31. In a fourth step, on the mounting

33wiace sidles thedeinforsingmiate 28 wnddhedginforcing platg adhesiMented.
25 are used to encapsulate the IC chip 22, and on the surface side on

which the KCahipds s1oé pountedt; the feinforcingyalate 34andthgess of 175
reinforcing plate adhesive 25 are used for encapsulation. As discussed

wabbve; atfirstythe-antennecmicdula 43 s formed. Aftepthat sinna fifthsstepunt ed
the antenna module 11 is sandwiched between the cover sheet materials
on3tEe Ibhavingdars expangeddpoliethylerieierephthalgtelgasevimatertal the
through an adhesive material layer 12 formed of an epoxy adhesive
IRa¢ihgPadéndife sivearEtHediveosttdRythof 2/51R/mmd. Pus, the a fourth
noncontact |C card 10 for use in the experiments is formed. Next, a
ShftRno®of thE eXP&ineRE Wi a8scibed, MRt & tddtérpiadegariate 23

noncontact |C card 10 fabricated as described above and a reader/writer
a %ﬂﬁ gdg%&%ﬁﬁmgéng'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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information to the noncontact IC card 10 into a thermostatic oven at a
temperature of 55C, and they are allowed to stand for one hour.
Subsequently, the tester places the noncontact 16 IC card 10 at a
distance from the reader/writer at which the temperature right above the

dec@}_ie ZﬁooﬁﬁheaSHH!‘%‘E%BE@?EP&HCQ’H@C&'&%Qﬂv@ﬂ%‘@@%’%t%ich the
maximum, and starts communications between the noncontact IC card 10

« ahgdhe tieaderiter. Fhere the tester deterpines yhether therface of the

temperature sensor 22A incorporated in the IC chip 22 detects an
n@bpoerak temperate avithin a cemasicationdime petindrgnd theitesiearts
measures a time period for which the abnormal temperature is detected
caftencdrarilinicatiohs awe startetiaf detectech tAfter 180 segoddsifforathe the
beginning of communications, since the temperature of the IC chip 22
rafadahd terhperature right above the IC chip 22 on the surface of the
noncontact IC card 10 are generally stable, a communication time period

is set (18D s&éohds SMbfeoVER T6rthé Peateifitere SONYSs stfgiRprature

electric field reader/writer is used. Next, the result of the experiments will
S BB S CribBA HRRRATAE $ire Br thtethickrfedd B the PaltERT 8335 Pnermal

formed on the noncontact IC card, 10 is,changed according to the method
SRR B EAC A BebG BN HbOVE RGP 4 SHBWS e FRLIPSRNE™ ©o5t e

xperiments in.th . . .
m%é%%re% Estfmg%ggglod for which 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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in which the pattern 33 in the shape and size shown in Fig. 5 is 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. 5 and 6, only the space
around the 17 pattern 33 on the insulating substrate 21 is shown as seen

P afﬁcy@ ﬂb% §u<5§‘§‘c§n§_id§z9§h‘ﬁ’g *&D&Besl@b%l% La":‘tr?é)tZT Olugltgﬂowgisd éss een from

similarly applied to the cases shown in Figs. 9 to 13, described later. On
tHbe fisstdinedn astahleshoywy Fignd items-ishape sard sizeouAfRAl. This
ratio”, "thickness", and "whether to detect an abnormal temperature by
i dhe temperature sepsare are: sleserbesh Ondhe secendiineragsdhe 9 to 13,
descriptions corresponding to each of the items, "Fig. 5", "two times", "20
das’;afide'aot deteeted” are described. On the third line, as the
descriptions corresponding to each of the items, "Fig. 6", "zero time", "20
- gm", amal tdetetteds(80 secondsy' ares testribedh imothar.wbrdstems “shape
second line describes that as shown in Fig. 5, the shape of the pattern 33
anglassepfe, theratio rofthe area oh iekspaes on thieSsurfdretére Which fatect
IC chip is not mounted and on which the pattern 33 is formed to the area
aTpf thEEPAEE bn theTREUrtirig Surface ohWhich $H& R BhRipr 22 iSFR6Gted 27 &

(hereinafter, referred to as an area ratio) is two times, and the pattern 33 |
d%ﬁ%%ﬁ%ﬁﬁnessc@%O;ﬁﬁ%n second “line, as the escriptions

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
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this case, the temperature sensor 22A incorporated in the IC chip 22
does not detect any abnormal temperatures. In addition, the third line
describes that as shown in Fig. 6, the pattern 33 is not formed, in other
words, the area ratio is zero time, and the pattern 33 has a thickness of O

unt 8 9y In fRis case, fhe te{ﬂ%”@%%é%%%%?@@ {R%%% an Abngrpal.y s an

temperature after 30 seconds from the beginning of communications.
adherafore Jromdhe result of the experimentsshown i Hoh & Md§inning of
revealed that heat is acceleratedly dissipated from the IC chip 22 through
cdhenpatterst33formed on the surface of the insulating substrate 21 on
which the IC chip is not mounted and the temperature sensor 22A does
not deteeot any caknorfaltemiperatuwes. Next, Eige 7sshossithexesul obwn in
the experiments in the case in which the noncontact IC card 10 is formed
Fuwgth the pattem 88k tHeghape andesize Skowndre Figr Sthaiing dissipated
thickness changed. On the first line shown in Fig. 7, items "shape and
Taptaréd ritibl, Risknezsyrahtl eviietier 16 detete anednoihbk surface
temperature by the temperature sensor”, and "appearance" are =
S fesbet: Bh'theisttord iRE 48 thelde SRpHEHS RofrBgporiding idPedéh not
", "two times", "10 gm", "not detected", and "no

of the items, "Fig. 5",
mBHﬂﬁ&%"aﬁgdébﬁmgameﬁﬁﬁgure sensor Z22A does nct detect 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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third line, as the descriptions corresponding to each of the items, "Fig. 5",
"two times", "20 gm", "not detected", and "no problem" are described. In
addition, on the fourth line, as the descriptions corresponding to each of
the items, "Fig. 5", "two times", "40 gm", "not detected", and "no problem"

<em Rt Qi 1IN o o5 Dot P BITNG0- re

Q
each of the 'items, es’, seconas)

i@@%éﬁ‘o*\%‘é’i%'e B are %?f{iﬂ%%-sof‘ m%?gﬁm "“‘edﬁ“tsetct,‘% e%e?‘?r;&?%%gfonds )",

corresponding to éach of the itéms, "Fi two™ fimes™, "50

adetected" sang ithe-antennadends 19, digat” asg degeribed, in otherwords, +y,

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

dpatiernpd3 isnd seiare dpe daea datio isswe times, and thespattern,33hasy
a thickness of 10 m. in this case, it is revealed that the temperature

+SeRsoT, 224 gloga not datect asy abreraa) terpperaiies and SHER arends to
problem does not arise that the antenna module 11 looks floated in the
fappddraace of dme-mameontact IC card 10. The third and the fourth lines
describe that the shape and the area ratio are the same as those
described #riersatonddind Sgd ke patlernl B8 Ksdiy altkiekhbss of 20shown
m or the pattern 33 having a_thickness of 40 m is formed. In both cases, it

1R rBlgaled thartheiemperdturd Selsti D2ATHOES AGt deteetame, the area

abnormal , ‘
ratio 1s twe 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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temperatures and there is no problem in the appearance of the
noncontact IC card 10. In addition, the fifth line describes that the shape
and 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

rdipcaseitis reygaled tb@hafkﬁété%%comsé@%%@e%eﬂé%g Péture but

communications, the 20 temperature sensor 22A detects an abnormal

ciernperatue bubiherne isrhe Reoblen: inthe apRearanseefithe RORENtRCt- 4 rg
IC card 10. Furthermore, the sixth line describes that the shape and the

1arearatia peerthersgmeras thoserdascribeddr thei second, 40 the &fthHines and
and the pattern 33 having a thickness of 50 pm is formed. In this case, it

tiereveated that the tenmpesatireseasot 224 dods not detedt Anythe second
abnormal temperatures but such a problem tends to arise that the

tantérmal hfddulé 1ndeoksnfodtbd iy dHetappeardndeofithe roncbntacbd€s of
card 10. As discussed above, it is revealed that in the case in which the

S Patbesin 38 hasarthitknessiof 10iA to-46 pm indlusive, the terhperaturet the

- sensor 22A does not detect ag abnormal temperatures and such a
L BIHTIER [UeR not e hatdhé antéim@ nidalile PEGBKE floatey in #reormal

a earance of Lge nonc ntact IC card 10. In addition, it is revealed that in

FAHERHIER the HaterP 58 s TG REoR B, bBCaULE an tonna

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
bondedtothesurfa@eonwhichthélccﬂﬁg:isnotmounted. 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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thickness of the pattern 33 is thin, the effect of heat dissipation is small,
and the temperature sensor 22A detects 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

e IG chin is natmeunted, Thus, the thickness of the copdyctar %%Bd d$5¢ hat

pm that is formed on the surface on which the IC chip is not mounted.

i Howevergin 2k the saser incwhigh alumiing hasecthigknessdelow b ohted,
that is bonded to the surface on which the IC chip is not mounted, pin

pheles<re geaeeated irealsowaum whichimigheausear Hneegse indhese an
resistance value, fluctuations in the capacitance of the condenser formed

incthesconductor 82B, and sa btakeds lines Iniassociationtwitht vamagionsnin the
the surface area. Therefore, also in the viewpoints of these, the

ceekricssts afisan wiavteralslenthickness? Furthdrmorenitis-levealed®, and
unfavorable that in the case in which the pattern 33 has a thickness of 50

AR heehiperdtGre demstt 22Adoea hotiddie¥Edhpabiformaln the surface
temperatures but the antenna module 11 looks floated in man -

2hGRcontatPRY BAFIES 10. NSR, FieP 8 Sthicvs YRE MRt expetimBARSA,  the
the case in which a pattern 33 is formed on the noncontact IC card 10 in

CieCsipRtand sizetShowh TFigS: ‘GBI RaVIng & Hikkess -

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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of 20 m. 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

;m’Pf rtheﬂgagn%é'g %9:1__9&’&'0 ;5 HE‘I‘@SI‘I‘ﬂgo_ﬁog?éﬂeteﬂzeéjudégg ;rl(?)ed .
problem" are described. On the third line, as the descriptions
correspgnding te eash obthecitems Shig: 8", itwostimes”, t2Q 2Zmcr Nt ions
detected”, and "no problem" are described. In addition, on the fourth line,

casrtbesiesarptipns eerrespahding theaeah of the tems *Fig 10 136 s, 20
times"”, "20 m", "not detected”, and "no problem" are described. On the

urdifth linesz-asdbe deserdptionsredrrespopdisigiterach of the stemsefig. L', the
"0.2 times", "20 jim", "detected (60 seconds)", and "no problem" are

T gesbribédisOnalse sheh dine cas el dascriptivrs spresporing toxeichast the
the items, "Fig. 12", "20 times", "20 m", "not detected", and

itesmmidiéation Efror Whei otfsat” aré destribed. de bk avords) theconds) ”,
second line describes that as shown in Fig. 9, the shape of the pattern 33

anda shGarer HelsrBa A i§ B EmBE Imnd R patent 33 Has A thifckndss the

of 20 .m, In this case, it is revealed that the Ezm eraiure sensor 22A does

A' "
IRBEASREL SRy abRGrhTIREMPartures andthe P tems, Toig. 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 .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 sguare pattern 32 having an area
ratio of two times is formed, and as shown J,n 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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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

shownripy Eig+10; & yeqtanguler pattern 33having an areaLatioof 16,-pe ang
times is formed. in both cases, it is revealed that the temperature sensor

tr22AveRessngt-detegtany abngemahtemperatures ardithere: issna proflem i ne
of communications between the noncontact IC card 10 and the

tdeader/wealer-23 In additien, the &t line dasaibes that the shape-angattern
thickness are the same as those described in the second line to the fourth

3linezbutasg showmdm Figtily @sqlake pattera 33 Havingdn area ratibofcase,
0.2 times is formed. In this case, it is revealed that after 60 seconds from

ithe beginnitg lof dcommunichtions, @he semperdturd sensdtz2odetentsiang of
abnormal temperature but there is no problem of communications

CHERAEEH e ABFcontERIENCHE A0 &R 366 Asud erifrier FuRthermatkacrmal
the sixth line describes that the thickness is the same as that described in

CHRPSEHN the Fift i ftss 2uras RhoRh $RAY. EorErettargfuia Sattsineen

33 having an area ratio of 20 times is_formed. In this case, it is revealed
i DR Bt Sore SeRBOF2BA (OBE nbb FetbCEAR ABrar e

temperalres SUESRIOPISM 2SES AL MTURIEANAN RH9% tre 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 (hereinefter, 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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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
state in which the noncontact IC card 10 is in intimate contact with the

copaderiwdter thereipafter. dtis referred to as the.case iy whichithesn, 5t is
noncontact IC card 10 is offset). As discussed above, it is revealed that in

réke gaseiinnwhichthe areadatior-oftheqatiers 33 issbetwaen HeStBesattern
and 16 times inclusive, the temperature sensor 22A does not detect any

3abhermaptemperajuresandrthers isfo peebtemiof s34 somtnudieatons 1 and
with the reader/writer. In addition, it is revealed that in the case in which

tike droeprationitize patternr 33 25.0 2dinees; thexeffedtnd heafldissipatomture
is small and the temperature sensor 22A detects an abnormal
begmperatire Facaasefthbirepsdfthe patiéri 333gamall. Funthehnorsie, it

_is revealed that in the case in which the area ratio of the pattern 33 is 20
18miesY fielithpdraturé Seh36r 22K oes noh Heteciapy abdrRar io of the
temperatures but the space of aluminum bonded to the surface on which

PRHEERTBhip s hot AtbUntEE That 16 theéBREcebHISCIORRE Waked Coes not

becomes large, which Cfluses communicati%g error.in the case in_whi

h .
e Toncomtact 16 LAl 107§ BHfeRE Fromth Lé%pétr}i’rﬁer?t%%%%w%ﬁnﬁf%&mum

bé%%%g’ggsthe 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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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 prevented from detecting abnormal temperatures with no

2 0CCUHeRe ot prabjemsofdhg appearange apd ommunications  Then.. i mes
the prevention of detecting abnormal temperatures suppresses the

1 derminatien of:cammunications im thescase inyhigh the 1€ochiny 221481 40 um
placed within the distance of allowing communications with the

irredderiweter. Therefore, the area ratio of the pattern 33 preferable to the
case in which the IC chip 22 has the temperature sensor 25 22A
incorp¥rated teereiniis betweerk® Sutimmes amd 6 dmesbmdlusiveyand HY ' s
thickness is between 10 pm and 40 m inclusive. Moreover, in the

h e3P eriffenis d6séritsediabe e sSONYiS high- electiciicllreateriifterdsse in
used, but in the case in which a reader/writer having higher electric field

WiRHEH SORRRE e 1ise, tAF et atlfd sEASST T rhay detédian SONY' s
abnormal temperature even though the pattern 33 having the preferable

OBfed ANt iHickiels STORMEE e AGRCGHac e Batd 40 Rowdver 'avermal
though a reader/writer having higher electric field than SONY's high - _
TR c?crllﬁcaﬁéﬁeregggﬁwﬁ’l er” nﬁ’uécégae thé %neerﬁé;o%%?géfégtiﬁa%rpg referable

a?ggog%%t%gwgﬁggg% 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 communications.

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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from the beginning of communications tends to prolong more than 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

+ SPPREMaL temperatures by thedempsratuiesensi-22A. 4 to prolong the

time period of detecting an abnormal temperature from the beginning of
commuynricaiions sMeregvas the shape pfithe pattarn 33 isnotnesessarilythat
a square or a rectangle; it may be a cross, for example. Furthermore, the
venhogimentcof the dventien isqwotvestdeted i0:the embastimpatdescribed and
above, which can be modified variously without deviating from the scope
a bf Sfeteachingsaf theeembodipentdf the inventioni showldberements and
understood by those skilled in the art that various modifications,
ocbmbinatiohs rsublesmbimatiens and witerationsimaywctiredepepdingoh the
design requirements and other factors insofar as they are within the
2gespelefithe’ appended Elafins ek iierd fuiaterits ticredt: 27 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:
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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

wHasulating. 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 equal to or above a predetermined temperature. 2. The antenna

module acgaidingtieclaimd; snieseina spatenathednsidating sulistrate rmed
on which the control circuit is disposed and a space on the insulating
oSubstrateadn fhich thedpatterwisifenmed arerat [EBastpaltially aoveilappédting
with each other through the insulating substrate. 28 3. The antenna
symsdule Becordivg ndlainsa] op2u hersimah atéa of a space on the
insulating substrate on which the pattern is formed is between 0. 5 times
and 16 iRfEEt HReluSivECHR ares bf & $Pa&Sion e MSuTating STBStRte Bl ons

which the control circuit is disposed. 4. The antenna module according to
d%ﬂ?&ﬁéBb@Eﬁﬁgenna 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 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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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 gn the insulating supstrate; and a_ pattern formed of a metal foil,
horain (e B SHA A e B e A & 518 2o e ogEshe

side %f?:[ggecontrol C|rc%|g.thorgu%h the insulatin esu]t_)ggsr%?aggd the C%Q%?:late

. ] . T
circuit has alélet%%tlﬁé unit con IglsJFead:t% ggtec a temperaturg"%f ﬁ1ue

on Mr&ll “‘é_ﬁcé'%a@e%ﬁ%ngr@o%te@Q@gﬂéetq\r@etgrmi @alt.glm_e% %%d 16 times,

communications when a temperature of the control circuit is equal to or

1n@hoVe adredatermined terpperature. 30 ANLENNA MODULE: ihst rate on

ABSTRACT An antenna module in which an antenna coil formed of a
wh metalfall apda-condenserare-foryed oprandagulating substrate,

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 contrel circuit has

a detecting unit configured to detect a

temperature of the control circuit, and

a control wunit configured to terminate the
29



the antenna module includes: 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 means for detecting a temperature of the control circujt, and a

CORBRTI TAE AR or teftinAtih G HRE O hthEniCAtidns WiéER a temperdtarelof 5

the control circuit is equal to or above a predetermined temperature. Fig.
eqh}al Lo or a%ove g pxec?etermgne%[ tempe}:ature.p g
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