ANTENNA MODULE 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 refergreeuBACKERAEND OF THE INVENTION
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 ROwWbicRECODRBNOCAtiaTs ’ELstoped: Hepeadingaitthe
temperature of an IC (Integrated Circuit) chip. 2. Description of the
RelatathArplnareeent yearsiCimedizcareatidelysavailabie inelodimg related
noncontact IC cards and RFID tags in the size other than the
tostdngardized daad sive Jsirg RFED (o FedUiehty OidiéAdficafibapd in the
technique and contact IC cards. Particularly, because of the convenience
Jagfane porcohtitt 1I8Thide 1 the” REIBRags #Y whidhth& eardhis jGeptents
Oﬁlaced on a card reader or held thereto to exchange information, they are

pBlied in Rearieds Hefdsn i tr &fSpot Rty stét &8 s ficket 1

gates of railroads, primarily used in this field, security

BACKGROUND CF THE INVENTION

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 communications are stopped
depending on the temperature of an IC (Integrated Cirﬁuit)
chip. |
2. Description of the Related Art

In recent yvears, IC media are widely available including
noncontact IC cards and RFID tags in the size other than the
standardized <card size using RFID {radic freguency
identification) technique and contact IC cards. Particularly,
pecause of the convenience of the noncontact IC cards and the
RFID tags in which the card is just placed on a card reader
or held theretc 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

module is sandwiched between a pair of card forming sheets of a ‘
gag@sthefic fesin. TPRFsford ThEABALANEGTE card HasSsemicoRdudtsFr sty

-properties such as a degradation in _properties ang ared ctiQEP in
S 0

S Rty e 0 Sotepr trd TRATIFEBart yaRF, BS paor Management

' counterrr{eas#a[%%gorp@éect security against a temperature rise, it is
SYE5R&Gered t6 prever]ﬂ a femperature rise in the IC chip caused by

communications, EQt this methad, such.g methad js inyeptedn whichRenna

C : <
a noncontact? card having an IC chip connected to an antenna coil by

co irei hording packaging..& metalfal heat sink s formed; betwegn hedGnted

chip and an insulating substrate mounting the chip thereon, whereby the

onheatdissipation propeytiesof the A€ chipate inproveshiforexamplesee the
Patent Reference 1 (JP-A-2000-163543)). However, in the case in which

anaR G ghipdscoaneeiedatosan antennacoil y-flip chipipackaging; dhe dCGming
chip is directly connected to an insulating substrate with bumps. 2

sheets of a synthetic resin. Therefore, the noncontact 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 <aused 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, a metal foil heat sink is formed
petween 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
(JE-A-2000~163543)).

However, in the case in which an IC chip is ccnnected
to an antenna coil by flip 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, it is hard to accelerate heat dissipation in the IC chip. In addition, as

part of countermeasures to protect security against a temperature rise,

such a technique is also invented in which a temperature sensor is
Thgunted sartic EAPY oF aTONEITAG IEafd and cormtihicatibrs >t ween

through an antenna coil are terminated in the case in which the

e mpber&tireséisor ‘ditecR Hatthe tempERRIEOrthe T Shid 2 achSs §oip

redetermined temperature, SU]MMARY OF THE INVENTION Howeyer
L drat
t ﬁ]ﬂ%g%ase%%ﬁé% Ré Temparatiire of tha 1¢ ch%p%%eg%lﬁé o CoooTorate

communications, even thouah the IG ¢hip is placed within the distance of
heaah%wr?nlgscs:gr%%ntuln?glatﬁb%s vla% a readef/writer, the IC chip might not

commépicatgwifh it,, Patticulgdy.under highlemperaliug £OYIroanmemts tece

this occurs noticeably. It is thus desirable to accelerate heat dissipation in
sARUIE; ehipa tossuppressthe dermination of camanipicalions, indae £asel so
in which communications are stopped depending on the temperature of
1 ithe 4G ship rAnrantenna- medulesaccosdingto@n embediment ofthen IC chip
invention is an antenna module in which an antenna coil formed 3
of a noncontact IC card and communications through an antenna
coil are rerminated in the case in which the temperature sensor

detects that the temperature of the IC chip reaches a

predetermined temperature.

SUMMARY OF THE INVENTION

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

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

&n antenna module according to an embodiment of the

invention is an antenna module in which an antenna ccil formed



of a metal foil and a condenser are formed on an insulating substrate, the
antenna module including: 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
o kontro teirkcut dhrbughdhe instlaifgsubstrate, Gndthd contreh chioait hasing
a detecting means for detecting a temperature of the control circuit, and a
s'dRirbRirRans 16 teFhmalAg T tofmmsiéatibhsdrheén &terhperatGrererait
the control circuit is equal to or above a predetermined temperature. In

CHR ARtETTA hoGaB Herdr GGy THe 8 mboRim@RRs! e tGeitibRNg2 coil/

tl’E%ace on the insulating substrate on which the control circuit is disposed

8'sphce o‘?%t’ﬁ(éuiﬁ %ﬁﬁ&oﬁ?oqst?&et&?m&ﬁ%%%tdﬁ%rﬁ‘i ?&rﬁ?etcf; and
- Bz et el pBored v coph b rough el

e antenna module accofding m
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pattern is formed niay be between 0.5 times and 16 times, inclusive, an

crea ot a space gn the,sylating subsirate; anwhichdhe copirol GUCWLIS: 1o

disposed. In the antenna module according to the embodiment of the
cinvention; adhicknessof the, paiterr.may-he hetwean 10 micometers-and or

40 micrometers inclusive.
the control circuit, and a control means for terminating the
communications when a temperature of the contrel circuit is
equal to or above a predetermined temperature.

In the antenna module acceording to the embediment of the
invention, a space on the insulating substrate on which the
control circult is disposed and a space on the insulating
substrate on which the pattern is formed may be at least
partially overlapped with each other through the insulating
substrate.

In the antenna module according to the emboediment of the
invention, an area of a space on the insulating substrate on
which the pattern is formed may be between 0.5 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 the embodiment of the

invention, a thickness of the pattern may be between 10

micrometers and 40 micrometers Inclusive.



4 In the embodiment of the invention, the control circuit that controls
communications done by the antenna coil formed of a metal foil on the
insulating substrate is 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
additid, tHeccomPa irEaR HetdcistRe teifpatdire of fife “ontrbPeiredircuit
and terminates the communications in the case in which the temperature

Chartne Tl SirE TR BHER - OF A6VR % Preddterfimedtemperatire S48 e
discusse agoy , acco dinrlg: to the embodiment of the jnvention, he%t

ot Rdlrron RACREIETAEE i ATEE A At TR AR bFECSSa on the

., _communications is suppressed,in the case in which commupnications are,. .
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i£%§%@-@9|§é@£ THE,PRAWINGS Fig, 1 spows @1%0%%%%%!99@ side of

schematically depicting a noncontact IC card to which an embodiment of

‘trihe nveptian is- adapted; kig.-2.5hQws@plan, vievsdapiciing the aptenna  1n

module shown in Fig. 1 seen from the mounting surface side; Fig. 3
a ENOWSA plamvensdepieling: the-antendagBedyer sROWAHR Eig: LuSREBF the

from the surface on which the IC chip is not mounted;
control circuit, and terminates the communications in the case
in which the temperature of the control c¢ircuit is egual to
br above a predetermined temperature.
As discussed above, according to the embodiment 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 depending on the

temperature of the IC chip.

BRIEF DESCRIPTION CF THE DRAWINGS

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

Fig. 2 shows a plan view depilcting the antenna module
shown in Fig. 1 seen from the mounting surface side;

Fig. 3 shows a plan view depicting the antenna module
shown in Fig. 1 seen from the surface on which the IC chip is

not mounted;



5 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
depicting the other results of experiments; Fig. 8 shows a diagram
depictiigstill bthénfesaits®f tp&imBntsIfiy 9tHows &lpfan TRRP1ES ©Ff
depicting still another pattern of a noncontact IC card used in the

S XBpetfentSEig. 10 shows a plan view depicting still another pattern of

the noncontact IC card used.in the experiment; Fiqg. 11 shows a plan view
el el o lhoseR bl R et i A

acPSHmENt: and FIg, 42 shows:a plag.view depicliag st yet another

pattern of the noncontact IC card use e experiment. DETAILED

DESCRIETIQN.QF THE INVENTION Hersinafier,an smbodimepafiae., of

invention"will be described. The following is examples of the
a Gosrespandencer doetween corfiguratien eequirgmenisfor the invention

and the embodiments of the specification or the drawings. This is
descriped foriconfsming that dke embodiments syppadingthe r results of
experiments;
Fig. 8 shows a diagram depicting still other results of
experiments;
Fig. © shows a plan view depicting still ancther pattern
of a noncontact 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 noncontact 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.

DETAILED DESCRIPTION OF THE INVENTICN
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
_ mean that the embodiment does not correspond to those configuration
irregiird s CCORf AR S this e lérf tveiRfhidn embbtlineht f< GeSered IS -

herein as an embodiment corresponding to configuration requirements, it

ThETS Gt e tRat e SmibOdife rt6Es TP CorrBSpond 16 “coffigtrtion- 2

. requirements_other than those configuration ,requirements. An anten )
L R BP ehiding 16 3R Sa AR br B Rubrtion RS eAng a nerein

module (for.example, an antenna mcr)éjule 11 n jn Fig. 1) in whic
e o o e A B £ 5 AR P, o] e e

£dJpetal foil and .a candenser (for example, a congugtor 32A.shown inFig. e s

and a conductor 328 shown in Fig. 3) are formed on an insulating

ncRsirate Hor example, aadnsylating substralg 2L shewadr kig. 1) e rary
antenna module including: a control circuit (for example, an IC chip 22

tShomnsin kBige) eanfigieddocaptsali gemmunicationsrdonabydhein as an
antenna coil, the control circuit disposed on the insulating substrate; and

endpatierar(for cexamplesaatigrn:33 showii mpfrig: 3ptormedhof semetat s, it
foil, wherein the pattern is formed on the insulating substrate on

does not mean that the embodiment does not correspond to

configuraticn requirements other than those configuration

reguirements.

An antenna module according to an embodiment of the
invention is an antenna module (for example, an antenna module
11 shown‘in Fig. 1) in which an antenna coil (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 mcocdule 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) 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



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 a control means (for example, a control circuit 22B
shown in Fig. 2) for terminating the communications when a temperature
S \of $he e6troRSifc it Ssegual 0- ok hbevd & predletarmiriceriehiseratgres (for
Hereinafter, a specific implementation to which an embodiment of the
SEATENRDN & BRAPRIRNHIT HesEABeddR Hatiwith Ffreheeidtrdetecting
drawings. Fig. 1 shows a cross section schematically depicting a

3 fERntR e T 16 ToSHIEH 8h ShBGHMment B the iRvBhteHt ig@sans (for
d d. Th tact IC in Fig, 1i i din. .
R B A ST Lok B HatofaR T RHE 1L becb upameR e ting

antenna modul

eﬁll that %ommunicates with external .devices in.a . .
the ¢o UHN1CatTlons W n4a moerdtule O the %or:ﬂ;lrol clrcult
noncontact manner through an adhesive material layers 12. The antenna

1 fnodyle 1143 configyysd of 9”@%%@%9:&99%3% and ap I chip 22

mounted on the insulating substrate 21. For the insulating substrate 21, a

typical:high :pelymer-filmds used. For typicalbhighaobypecfiims Jhergiate an

resin films such as polyester, polyethylene terephthalate (PET),
arRiolyeihdene paphtabaiate {REN}rpalyimide fRld will be described in
detall with reference to the drawings.

Fig. 1 shows a cross section schematically 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 14 is usgd to
sandwich an antenna,médule 1llthat communicates with external
devices in a noncontact manner through an adhesive material
layers 12.

The antenna module 11 1s 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 polyester, polyethylene terephthalate
(PET), polyethylene naphtahalate (PEN)}, polyimide (PI},
polyethylene, polypropylene, polyvinyl chloride, acrylic

resins, polycarbonate, epoxy resins, urea resins, urethane



polyethylene, polypropylene, polyvinyl chloride, acrylic resins,
polycarbonate, epoxy resins, urea resins, urethane 8 resins, and
melamine resins. A high polymer film used for the insulating substrate 21
is not restricted particularly as long as the film has insulating properties.
Moreover, hereinafter, as long as not particularly specified, the surface of
reféhesuRiAgsubarake 21 Bhilwhich AheIciemmp Rens médAkdisaeféadthe
_ to as a mounting surface, and the surface opposite to the mounting
1ntiffe b i 8 Pefathh 16 B8 & Surfad®bnnfRiER e fRE @ Is ot Aduntéd +ong
Around the IC chip 22, a pair of metal reinforcing plates 23 and 24 such
25 GintesdstBafs Jp?éx‘z%gé‘&%ﬁ%ﬁ Jahaiiches Sthe IC chip 22 from the

moungg%grsurface si%e and the_surface side ,on which the IC chiap is .not

mounted. %ﬁg?gihforcﬁ%g lﬁ]ﬁtfe {“:‘2%”<';1n%15243<’;fr>é1 Boritied With at reﬁw%r%lilnlga rly

s '%.tleﬁde%s'\é%e%s- & aexe""%?'%ﬁgei%eé”f%%”ﬂa ale; %%:a%r‘gezﬂfrgﬁawhich
stalnless s’heet, and the thickness thereot Is decided epending on the

 wisirengthqfihe)lG chip 22 nesessary far EQ%@OE‘&Q{‘%E‘Q%&%Q% gﬂgface,

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

arshape-and, size of the reinforging, plates 23.and:24ate decideddR referred

accordance with the outer dimensions of the IC chip 22. Moreover, the
t seipforgingplates« 23 andr24-are:net necessarily a stainkess.sheetas long

> Around the IC chip 22, a pair of metal reinforcing plates
23 and 24 such as stainless steel 1s 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 pléte adhesive
25,

| qu example,_the reinforcing plates 23 and 24 are a
stainless sheet, and the thickness thereof is decided depending
on the strength ¢f the IC chip 22 necessary for the noncontact
IC card 10 and the layer configuration cf 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 IC chip 22. Moreover, the reinforcing plates
23 and 24 are nct 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 example, the reinforcing plate adhesive 25 is a



materials can surely provide the strength of the IC chip 22 necessary for

the noncontact IC card 10. For example, the reinforcing plate adhesive 25

is a 9 liquid adhesive. In addition, the form of the reinforcing plate

adhesive 25 may be any forms as long as adhesives can bond the

reinforcing plates 23 and 24 to the IC chip 22. For example, the
Liygirifercirdfisistevadhesive 28@idyiba a fitrh cadhesivecshedhan zeibitionr cing

the form that the reinforcing plate adhesive 25 covers the side surface of
PUREICAHIT 22 YEvared aEpeRdiAg Yor HeMorof tRE Feinforemigasiaess can

adhesive 25. The form may be any forms as long as forms can surel
PYEvidectnesstretighir HedeRsanFhrtie 38Ty 2*29M8’r809€r&ﬁé%&1¥1mg For

scheme of the reinforcing plate adhesive 25 is varied depending.on the _
ABRHA! of tHE refORAAL BIALE alHESive 26 Fe7 EXEMBIb, ' tne-Sas® irf + 17

a%@gg‘tf%e rei,ilréfggcing plate adhesive 25 is an epoxy adhesive,

ermosett?ng IS desirable. For example, the adhesive material layer 12 is

formed 0f g wp {ighid spoxy.aqnegive. hhe o liguid enoxy, adResive, IS : o

an adhesive that a compound (base resin) containing an epoxy group IS

2 Mbeerwith:a, cuging agentcontainingr-amines of acid anhydudesifQependsing

bonding by curing reaction. For the compounds containing an epoxy

ordreuR, kisphenot A; hydregenatad-bisghencl tA, ReNIaG fesing bisphenalo rm
F, bromination epoxy resins, -

may be any forms as long as forms can surely provide the strength
necessary for the IC chip 22. Morecver, the bonding scheme
bf the reinforcing plate adhesive 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 epoxy
group is mixed with a cgring agent containing amines or acid
anhydrides for bonding by curing reaction. For the compounds
containing an epoxy group, bisphenol A, hydrogenated bisphencl
A, novolac resins, bisphenol F, brominatlion 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



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 as
triethylenetetramine and dipropyltriamine) , aliphatic tertiary amines (such
as triethanolamine, and reaction products of aliphatic primary and

& Sseddnidiir) ahfines 8hd TpoRY), alighatid palgaminesi@tdngs, aliphatic
diethylenetriamine, tetraethylenepentamine, and

i heRim Ry IBRE) rARHTS), Afhatcaminespadhiqe, and reaction

taph di ,_diaminodiphenylmethane, and .
P AU heMyITORG, KT B (SUCH A5 o5 BARTS B

polyamine and an epoxy._ group), aromatic anhydrid ch.as trimellitic.
alalrﬁ%/%nacand Ef?‘cl) e %%gfnhydr%&c |cyan§L|3ymidee%,sla%z?%lij (}]elrﬁ/%ﬁ\%sl SMAInE,

cdbhereofimidazales, andsthiols arg named The cover sheqtmaterials. i3 e |

and 14 are configured of a chemical element or a mixtufe of polyesters

aSUGh asipolyimide.; polyester, palygthylengsterephtbalate, and 1 cnediamine,
polyethylene naphtahalate, polyolefins such as propylene, celluloses

d:suehnas celiase tiacetate andicelldlose diasetateenylsulfone), amine
acrylonitrile-butadiene-styrene resin, acrylonitrile-styrene resin,

adublystyrene, phlyacrylenitrie opatyaetyliccmethy| mealymathytmethaceylatey o x v
polyacrylic ethyl, and poly (ethylmethacrylate), and vinyl resins such as

group}, aromatic anhydrides (such as trimellitic anhydrid and
pyromellitic anhydride), dicyandiamides and derivatives
therecof, imidazocles, and thiols are named.

The cover sheet materials 13 and 14 are configured of
a chemical element or amixture of polyesters such as polyimide,
polyester, polyethylene terephthalate and polyethylene
naphtahnalate, polyolefins such as propylene, celluloses such
as cellulose triacetate and cellulose diacetate,
acrylonitfile—butadiene—styrene resin,
acrylonitrile-styrene resin, polystyrene, polyvacrylonitrile,
polvacrylic methyl, polymethylmethacryliate, polyacrylic
ethyl, and poly({ethylmethacrylate), and vinyl resins such as
vinyl acetate and pclyvinyl alcohol, and polycarbonates.

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

Fig. 2 shows a plan view depicting the antenna mcdule

11



vinyl acetate and polyvinyl alcohol, and polycarbonates. On the cover

sheet materials 13 and 14, text and patterns maybe printed by offset

printing, screen printing, and gravure printing. Fig. 2 shows a plan view

depicting the antenna module 11 11 shown in Fig. 1 seen from the

mounting surface side, and Fig. 3 shows a plan view depicting the
1lamtepna mbdaledl fromehie durbicedie %ﬁ%ﬁéﬁl%esféféﬁiﬁﬁ’s fofie, and

mounted. In addition, in Figs. 2 and 3, dotted lines depict elements gn

Fifhe oppbsite stiethtough fe HRRiiting sanstad b1 A8 3hBRmin Figl 2f -om

on the mounting surface of the .insulating substrate 21, an antenna coil 31
th%rrﬁgﬁr%?%eméga Foifis f(‘)’fr}rj‘nlecc}1 a%ir}é3 th%ia%?élﬁaartl of the Fnsﬂ?a%irﬁEEA' In

adipiisirate 21, Qﬁté“? tenng %0” é%%jc%%{“?ﬁeed todt%'?ilgt‘:heieér%e ts on
chip22inflip c ords

mounting the | ip packaging. Tn other , projecting

th%'e%%%%(;téJr@&%iJOEE%%%Hgﬁh%ﬁiéc%h%?&‘éiﬂfglhgdgscﬂggg e,

connected to the antenna coil'31 through an anisotropic conductive film

or an RRISgHERiE condustive pastesadhesixe.Moreover; fos example, dhe che
IC chip 22 may be packaged by wire bonding with solder. The antenna

ireaih3k communisates witlp extesnakde\desss bydising r1adiorwaves fThedetal
chip 22 has a temperature sensor 22A and a control circuit 22B
fdheotporadechdieeeim e Hempkyaturesersbri22A tetects thing substrate

temperature of the IC chip

21, and the antenna coil 31 is connected to the IC chip 22 by
mounting the IC chip 22 in flip chip packaging. Inother words,
projecting electrodes {bumps) formed on the circuit surface
of the IC chip 22 are connected to the antenna coil 31 through
an anisotropilic conductive £ilm or an anisotropic conductive
paste adhesive. Moreover, for example, the IC chip 22 may be
packaged by wire bonding with sclder.

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

control circuit 22R terminates communications. The set

1z



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 is a temperature equal to or greater than a
preset temperature (hereinafter, referred to as an abnormal temperature),
the control circuit 22B terminates communications. The set 12
tqapperdtuikeisithetlowebeerspeiativesataihicte asdegrhdation idegradation
properties and a reduction in reliability occur in the IC chip 22 due to
1rsdriieBRAGASEproptries af Heleitin, B8 SHOWHERIFIGLY, eftermburiing 1C
surface of the insulating substrate 21, a conductor 32A of a metal foil is
“Hofnéd, &ttfad ShGRMHITRRAACEAThe SaRSCe dftfe insulating substrate

21 on which the IC chip is not mounte%oia conductor 32B of a metal foil is

formed ‘atIRE pO&itBA E5r2SpERdMy fo-fhe condiiclor 32K Fhet 9 Surtace

o£nductor 324 and he. condugtar 228 form a condenses fhrouah the ., ¢ ;4
msulatlng Su s%ra?eg Sfblfy IS con énser, e%requency OP e antenna

1 Lol 31,can be sat 1o 1356 g, for,example. Furthermare., a5 Sbowp in e e

Fig. 3, on the surface of the insulating substrate 21 on which the IC chip

1S 09LAMOH F%b%@@g%@ 33 ofa WEEQJ:?PF{:E%JOEJ@(EQMH“%EP%%% mounted,
corresponding to the space on the mounting surface on which the IC chip

a 22cisgmeuntedsMereover the spacertoiform therpatiern 33:onthe position

surface on which the IC chip is not mounted is overlapped with
corresponding to the cenductor 32A., The conductor 32A and the
conductor 3ZB 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,
apatternBBcﬁfametalfoiiisf@;medjjlthespacecorresponding
to the space on the mounting surface on which the IC chip 22
is mounted. Morecover, 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 insulating substrate 21.

As described above, in the antenna module 11, since the
pattern 33 of a metal 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 c¢n which the IC chip 22 is mounted, heat
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the space on the mounting surface on which the IC chip 22 is mounted

through the insulating substrate 21. As described above, in the antenna

module 11, since the pattern 33 of a metal 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
disigfgeetorrwhichtthe KC cHip P2 awumed dreatl I3Edissipatioams gwirntly,

chip 22 can be accelerated. Consequently, a degradation in ﬁ:} perties
a g/E Bacdudtoh im reRaBIRy RS t8 adtemperlitGrelide iltke 1¢ @Rplax Y due
can be prevented. In addition, the rate of occurrence of detecting

tOa&&%ﬁra%ﬁﬁaauﬁe%y%e%ﬁq&&aﬁnéee%éo%p@@a%evented in

ressed, and communications can be prevented from bein
= JEhihaten i tfe CHAbn ORI JETHIFE2 1€ placke i e 2omornal

dlstanc of aII Wi d&fcommunlcatlons Wlth the re lwnter Furtherrg%rse%d
n?he antenna module 1t1 Sihcethe sp space IR Whic he patl?ern 331??

af@rmed 9\1%&%@&95%%&%@ ce . whiehthe |G chipis maunted, .5 3,

eat dissipation can be e ectlve y performed through the pattern 33. In

rraddition, it is sufficientithat the.gpace in which the pagtern 33 isfermed  ance

may be at least partially overlapped with the space on which the IC chip

o 2243 maumed ehaverlapped with;gach ether intheantire spage. The
antenna coil 31, the conductors 32A and 32B, and the

Furthermore, in the antenna module 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 overlapped
with tne space on which the IC chip 22 is mounted, not overlapped
with each other in the entire space.

The antenna coil 31, the conductors 324 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 base material
of a metal foil such as an aluminum foil or a copper foil are
etched in a circuit shape. Moreover, printing with a
conductive paste or etching is performed on one surface one
by one. Therefore, desirably, the thicknesses of the antenna

coil 31 and the conductor 32A formed on the mounting surface
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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 base material of a metal foil such as an
aluminum foil or a copper foil are etched in a circuit shape. Moreover,
printing with a conductive paste or etching is performed on one surface

amne by eresd lsgefdre, dedirdbhy be thicknessesasftha ahtenni Boili81 the
and the conductor 32A formed on the mounting surface 14 are the same

padstthsthitknéssasor e corluetct BpBand thd isdtteii 33 formedon therot
surface on which the IC chip is not mounted. In addition, since the

moipfagd topoldyyZotiné aritennaidbit3 158 feflebfetfif the- SPAIOpHlbgy- &
of the noncontact IC card 10, preferably, the surface is flat. In addition,

2RLEETEBNP22 shdwhin g ‘24 the tenpératireiéstisor 9B/ C9Y ©F the
incorporated rein, hut it may not haye the t t 2
" GCOiRbAtE IerGivt (e L8 b Sshtiol GRUTILJH Aose hBt ~ L2

a1 . ce 1
a rein. conﬁ()l circuit %OGS not

lerminaje sommunications, depending on she atnoimajiempgratye glie

IC chip 22. xt, with reference to to 13, the result of experiments

+ JilLbe deserbed ﬁogodftgaﬂiniqgc@g%éga%% thickness, of thepattern 33 ot

preferable for the case in which the ip 22 has the temperature
h$60Seh23ANsormarated Sthetein asshewn i big- 2 Sirstiof allia methed hi s

of fabricating a noncontact IC :
case, the control circuit 22B does not terminate communications
depending on the abnormal temperature of the IC chip Z22.

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 22A inceorporated
~therein as shown in Fig. 2.

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

In a first step, aluminum having a thickness of 30 um
is bonded to 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. In a second step, the

insulating substrate 21 is etched that has been bonded to

aluminum in the first step. Thus, the antenna coill 31 and the
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card 10 used in the experiments will be described. In a first step,

aluminum having a thickness of 30 m is bonded to the mounting surface

of an insulating substrate 21 formed of a PEN base material having a

thickness of 50 m, and aluminum having a thickness of the pattern 33,

described later with reference to Figs. 4 to 13, is bonded to the surface
CEHWRIEhthe! B cHip & riot FiGuhtet!) Intd Secbndsidm dnhes instgating oL the
s substrate 21 is etched that has been bonded to aluminum in the first step.

LIFHIS2 e Anfdri Rl ERIES1 2nd B FBoRBncorS2k aefotiféd-of thattern

mounting surface of the insulating substrate 21, and the conductor 32B

30Ad Thé PRI F hfe TGS Srthe Bnfies oh Whith e & BAip RAstEsS -
mountfd In% hll’g stgg ngg ijap le%am %%h{clgc{rjura%{c,scgf 17}% gm wgé 175

mm square, at IS, aVI an areao IS m ed Oﬁ

moun| surface byfI chip. packagin Whereb the |C.chip 22 is
Iltr%a o the Shet ol 31. ffaq’ ?’grffﬁ s?ep, ontLLh s mounted

COI’]I’]EC € an‘tenna co (0] e mountlng

orsupiaceside. 188 teipforeing plate 23 andipe teinforcing plate adhesive, +ne

25 are used to encapsulate the’lC chip 22, and on the surface side on

Tavhigh the IC chip-ds netmeynted.the reinfareing plate2gand the, 5 fourth
reinforcing plate adhesive 25 are used for encapsulation. As discussed

stebpyecat first, thewantenna modide 414s fermeth After that inca fifhstep.e 23

the antenna module 11 is sandwiched between the cover sheet materials
a3 aha IMelaMogcing 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 acdhesive 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 pclyethylene 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
noncontact 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 caxrd 10 fabricated
as described above and a reader/writer that reads and writes
information to the noncontact IC card 10 intc a thermostatic
oven at a temperature of 55°C, and they are allowed to stand

for one hour. Subseguently, the tester places the noncontact
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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 2. Thus, the noncontact 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

ICasaedcrled Rbdve Bnb ReaderRititeh that FERRIANEF WSS Fifofafion the

to the noncontact IC card 10 into a thermostatic_oven at a temg/)terature f

CeERS AN ey ard HHOWRY D StAfid Hor Ohehotf. SObSEquEHRT fieftedtet e

places the noncontact 16 IC card 10 at a distance from the reader/writer
RORSIRER Hre ?e%npézraa u(%e r!%(éhta}é)gg\?emt%% IC%(tZr:heip P S e surfaces of the - -

corz]n?z{‘lucr?fé%cé:!_%r(fgrdnjéQ:Q%%%mec%gheﬁ%%xé?H@agpd %@rté rd 10 and the

communications between the noncontact [C card 10 and the

r erggggr/wggege@enﬁ, the tester determines whether the temperature
sensor 22A incorporated in the IC chip 22 detects an abnormal

temperglre withia a:communigatian-imeeriqahankiie tester: mgasHERS i re
a time period for which the abnormal temperature is detected after

s<osamurtcationsare started if detected Atter: g8Pxsenondsfromthebnormal
beginning of communications, since the temperature of the IC chip 22
t eangkthetemperatité rightabaven the tC chip 22 @ptheisuiface ofthe tester
noncontact IC card 10 are generally stable, a communication time period
magsertel80time period for which the abnormal temperature is
detected after communications are started, 1f 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 pericd is set to 180
seconds. Mcreover, for the reader/writer, SONY’S sﬁrong
electric field reader/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 formed
on the noncontact 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 is formed on the nonccontact IC card 10, and in the case in

which the pattern 33 is not formed as shown in Fig. ©.

Moreover, in Figs. 5 and €, only the space arcund the
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seconds. Moreover, for the reader/writer, SONY's strong electric field

reader/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 formed on the

noncontact IC card 10 is changed according to the method of the

experiment as described above. Fig. 4 shows the result of the
pagkseriments Th e chg UihathicH thekpakert 839h the ShapEatl §izen trom

shown in Fig. 5 is formed on the noncontact IC card 10, and in the 8§se in.

thEhRAThE PattEAT 3398 nbRisThed Ss Showil iPrigS 62 Mior85VEt Cinrigs, 2+

. 5 and 6, only the space around the 17 pattern 33 on the insulating
5o AR LY SRR 05t M (e atb S Ghwhihe fe Hhipt >

IS not.mo eqi. This is similarly applied to the cases shown in.Figs. 9 to
defﬁrégggjibr&e% &tef. On the first line in a table shown in Fig. 4, items

"shapgand size’. sarea fatioy, 'gh&%fésﬁﬁ&%'wﬁem‘g.@geiec%m@n“shape

abnorma}l temperature by the temperature sensor" are described. On the
an3econddine, g the deseriptions oerespending ta gachof thetems, "R ect

5", "two times", "20 pm", and "not detected" are described. On the third
anlingraso thes deserpiionscomespanging teeachmb thesiterns, "sign6sr”  are

"zero time", "20 pm", and "detected (30 seconds)" are described.
described. On the seccond line, as the descriptions
corresponding to each of the items, 5Fig. 57, “twe times”, “20
pm”, and “not detected” are.described. On the third line, as
the descriptions corresponding to each of the items, “Fig. &7,
“zero 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 the paftern 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
22 is meounted (hereinafter, referred to as an area ratio) is
two times, and the pattern 33 has a thickness of 20 um. In
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 0
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In other words, the second line describes that as shown in Fig. 5, the

shape of the pattern 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 22 is mounted (hereinafter, referred to as an area ratio) is two
urtimest and fthies patesra 33 Has atthitkaesss off20 prankothisédseddtescts an

temperature sensor 22A incorporated in the IC chip 22 does not detect

DG Abor RS RBEEGres Titdddiflor SRR i Besibdaparasng of

shown in Fig. 6, the pattern 33 is not formed, in other words, the area
CHRBGTS-Z&r0ltiRE "and the pattern 33 has a thickness of 0 18 nm. In this

case, fhe teperature sensor 224 detgts an abnoymal emperatire atter
30 seconds from the beginning o comm_unica%ions. Théreforer from the

Fi %S.UIL ,Of H%e £ épgreimgggse %\ﬂ%{n hFei ‘t4 '12%'?%@(\! & ﬁ%%gpggﬁgﬁt%%s sipat e_d

acceleratedly dissipated from the IC chip rough the patte

£ SQHMER DR herssiace o the dasulating subsirate 2% gpaich the, IC ohin 5

is not mounted and the temperature sensor 22A does not detect any
o abaeEMakiemperatues (Nextrkige 7 shows the:resuitof therexperirpents not

in the case in which the noncontact IC card 10 is formed with the pattern
ma3rifdhe shape aadsizeshownineFigeb Having@r does not 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 the first line shown in Fig. 7, items “shape and size”,
“Yarea ratié”, “thickness”, and “whether to detect an abnormal
temperature by the temperature sensoré, and “appearance” are
described. On the second 1line, as the descriptions
correspending tc each of.the items, “Fig. 57, “two times”, ™10
um”, “not detected”, and “no problem” are described. On the
third lipe, as the descriptions corresponding to each of the
items, “Fig. 5”( “two times"; “20 pm”, “not detected”, and “no
problem” are described.

In additicn, on the fourth line, as the descripiions

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

um”, “not detected”, and “no problem” are describsd. On the
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thickness changed. On the first line shown in Fig. 7, items "shape and

size", "area ratio", "thickness", and "whether to detect an abnormal

temperature by the temperature sensor”, and "appearance" are

described. On the second line, as the descriptions corresponding to each

of the items, "Fig. 5", "two times", "10 nm", "not detected”, and "no
fiptbblemtare desdribvedierrthepthihiine; asthedescrptipriss each of the

corresponding to each of the items, "Fig. 5", "two times", "20 nm", "not
1RitsctetF land3 e Prottehiree Hesthibed! In adklitiont od theTorthdings)

as the descriptions corresponding to each of the items, "Fig. 5", "two
ali*ﬁ%é‘s@-@r?%&?ﬂﬁbtfaé?ec@@oﬁ-?aﬁ&@ﬁo préﬁ}erﬁharéaégé?ib%an@n the the

19 fifth line, as the descriptigns corresponding to each of the items, "Fig.
A%8 CRHR HiRES SBThE 58 fé‘éféag(?@s@e%ﬁﬂa%g “Nhd B problenf are s tWo

described. Qn the, sixth line, as the desgriptions corresponding to each of
CifiE ﬁell’nsqf\ 5%9?"%&', "tv\stgpcﬁ%e(i@,t%ﬁtrﬁ“% "hotd¥tecttd® aHY e anteRnas o

figréc{s,toa]ﬂgageagggggggbed. In other words, the second line describes
that as shown in Fig. 5, the shape of the pattern 33 is a square, the area

ratio isttwg {imes. angddhe patlern A3 as athickpess. ok 4 M dnthiss snoun

case, it is revealed that the temperature sensor 22A does not detect any
i bnogmaktermperaiuresancksuch-apseblemn 33 is z square, the area
ratic is two times, and the pattern 33 has a thickness of 10
pum. 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 are
the same as those described in the second line and the pattern
33'having a thickness of 20 um or the pattern 33 having a
thickness of 40 pum 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 describes that the gshape and
the area ratioc are the same as those described in the second
line to the fourth line and the pattern 33 having a thickness
of 5 pum is formed. In this case, 1t is revealed that after

70 seconds from the beginning of communications, the
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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 are the same as those

described in the second line and the pattern 33 having a thickness of 20

m or the pattern 33 having a thickness of 40 m is formed. In both cases, it
tﬁ@?&}@a%%héﬁﬁé%ém%%%t%t%r 2DA RS FibR deferBAy ature but

abnormal temperatures and there is no problem in the appearance of the

Ehonontatl 18 cald 0. 1h ddbftiBRPRR RGNS deSCRLBSHTAthE Shape c27d

d th tio are th those described in th d_line t
2 i 15UA TG AREnG DA 34 MG & THAES o 514 & RAnietEary =7

t}{glsacraesg.’ 'rta[% {%V%}cl%d tlpx%t asfgen{e7g ss eggg%séfr éns@fi%%nri]mgtq{e Fecond
communications, the 2 temperature sensor 2 detects anabnorma

+ demperatiite but there is ng problem in the appearanee of th{}?{‘EQR‘%&E of

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

s @regyratiq are the.same ag thoge described in the secqnd, ta the fifthyJines .,

and the pattern 33 having a thickness of 50 gm is formed. In this case, it

t dsfRvegiad-that the, semperatare senser 224 doegootdeteckaly azbnormal
abnormal temperatures but such a problem tends to arise that the

t antenna: mediledt] dooks fqated insthe: appearance obthe nancontaeintGnna
card 10. '

module 11 looks floated in the appearance of the noncontact

IC card 10.

As discussed above, 1t is revealed that in the case in
which the pattern 33 has a thickness of 10 um to 40 um inclusive,
the temperature senscr ZZA does not detect any abnormal
temp@fatures and such a problem does not arise that the antenna
medule 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 pum, because the
thickness ©f the pattern 33 is thin, the effect o0f heat
dissipétion 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 um, aluminum has a thickness of 5 um that is

bonded to The surface onwhich the IC chip is not mounted. Thus,

the thickness of the conductor 3ZB is 5 pm that is formed on

the surface on which the IC chip is not mounted. However, in
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As discussed above, it is revealed that in the case in which the pattern 33
has a thickness of 10 m to 40 m 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
t e pasterd B3 Has A tHckiess Wt 5vA Shécaté e ahrRkhedsuf the wm that
. pattern 33 is thin, the effect of heat dissipation is small, and the
1 SR SIrE SNLBr PORLFSHE R R HBAd A FtepEfatare: MOEoVEP RS
the case in which the gatternd33.has thickness ofg.m aluminqcm has a
PRicR Sof%%m?ﬁé‘t i59h61det to ?he"‘%ﬁulrflalil:rél’on‘“’wl%i%h1 tﬁﬂelF&‘chiﬁa?‘é1 Aot ="
inrré%urggd'. TE]IL{S, E%% thickn%s%of tg% co_\rrlgﬁcégr 32 m that ig g‘}or

i med
on t egurface on Whiclﬁetﬁe g’tuatlo tjh?tl-:- the

is
. 1
aérﬁlp is not mounted: However. m 21

&858 40 which aluminum hasg,tickness.below 10-mahat g bopdediedhe, g

surface on which the IC chip is not mounted, pin holes are generated in

= @uminum, whigh might-cause aay iNcrease i theesisiance valudie surface
fluctuations in the capacitance of the condenser formed in the conductor

a82B, andradrake ielines i assogiationavith vatigtions:is thersudaege, the
area. Therefore, also in the viewpoints of these, the thickness of 5 m is an
t nfavosakledickness. Furthermeres #ds sevealechurfaverable that in the

wase Furthermore, it is revealed unfavorable that in the case
in which the pattern 33 has a thickness ¢of 50 pm, the temperature
sensor 222 does not detect any abnormal temperatures but the
anteﬁna medule 11 locks flcocated in many noncontact IC cards
10.

Next, Fig. B 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 having a thickness
cf 20 pm.

On the first line shown in Fig. 8, the items “shape and
size”, Marea ratio”, “thickness’”, “whether o detect an
abnormal temperature by the temperature sensor”, and
“communications with the reader/writer” are described. COCn the
second line, as the descriptions corresponding to each of the
items, “Fig. 97, “0.5 times”, “20 um”, “nct detected”, and “no
problem” are described. On the third line, as the descriptions

corresponding to each of the items, “Fig. 57, “two times”, “20
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in which the pattern 33 has a thickness of 50 m, the temperature sensor
22A does not detect any abnormal temperatures but the antenna module
11 looks floated 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 card 10 in the shape and size shown in Figs . 9 to 13

Hrfiaving @ thiekress: of 20 mrGn TR iRt el SHOWA e FRE 8C tHeitéins
"shape and size", "area ratio", "thickness", "whether to detect an

abnorntal fHgérafite by thé BEmpEraturd séndd, & ‘Commtnicaists °ns

with the reader/writer" are described. On the ,second line, & . v
R NS EEHES, RGN Lo 01 T vk i o g e ' ™20

m", "not detected" agd, "no %{oblem" are)?qTehscrjbed. @) etge thﬂ{:ge CIi'ne,
0

S
Hhe de%%ﬁp |§r?se%%?respoﬁa‘ing to edch ot e items: 10- g.’r’l WO fimessn', the

£1 £0n22 Pl "NoLdetecter: sand 3o probler - ate.described. 1n,addition, encpe

the fourth line, as the descriptions corresponding to each™of the items,
it ﬁ%,lQFl .tﬁeﬁ"g‘*@@_’2@5,{{!%%'0',9@%;? :ﬁapd‘mg@@é@n'{@ées@conds)”,
described. On the fifth line, as the descriptions corresponding to each of
arthe vites rhigl da %, "9etimesc r2@ ay,. "datected 6@ sgeonds) negnch'Noc he
problem" are described. On the sixth line, as the descriptions
deotrespanding teeach b theditergs t#ig.ak2i, of the items, “Fig. 127,
“20 timeg’”, Y20 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
ratic is 0.5 times, and the pattern 33 has a thickness of 20
um. In this case, it is revealed that the temperature sensor
22A does not detect any abnormal t'e-mperatures and there 1s 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 square pattern 33 having an area
ratic of two times i1s formed, and as shown in Fig. 10, =&
rectangular pattern 33 having an area ratio of 16 times is
formed. In both cases, 1t is revealed that the temperature
sensor 22A does not detect any abnormal temperatures and there

is nc problem of communications between the noncontact IC card

10 and the reader/writer.
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"20 times", "20 m", "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 square, the area ratio is 0.5 times,
and the pattern 33 has a thickness of 20 m. In this case, it is revealed that
the temperature sensor 22A does not detect any abnormal temperatures
and tHeteridHhb" bribleh 6f Ediuhicafiofs BetwdsiPtihd AbnkdRtaides and
card 10 and the reader/writer. The third and the fourth lines describe éhﬁt‘
ChhEtHRRAedS & thaSatAE astfiat 08S&iIEHTH THE §8cand Hitle Batay e 110e

shqwn in Fig. 5, a square pattern 33 havin area ratio of two times i
B A 55 Shoh g 10 B Mo g atterh 35 RAAG arf rohe ™
3§’ alglgv%fnlﬁﬁ grrpeasrléafoﬁr%}f%@lgg cbthg aéfﬁelél%re\éeo%!%%w.at t?g this case,

temperature sensor oes not detect any abnormal temperatures and

; dthere js.na problem;of communications.hbetweaen the poncontact4€ card s o5
10 and the reader/writer. 23 In addition, the fifth line describes that the

cshapeand: thickness are the samea as thasesdeseribeddn the segand-ing-mal

to the fourth line but as shown in Fig. 11, a square pattern 33 having an

+ pa ratia k0 timesds dorreds Ip s Tase o # isdevealed dhatafter8G ween
seconds from the beginning of communications, the temperature sensor

+ 122 Andetestscaizabnarmal rienideratute butthese teno’ probtem of
communications between

Furthermore, the sixth line describes that the thickness
is the same as that described in the second to the fifth lines
but as shown in Filg. 12, a rectangular pattern 33 having an
area ratio of 20 times is formed. 1In this case, it is revealed
that the temperature sensor 22A does not detect any abnormal
temperatures but a problem arises that communicaticn error
occeurs in commuﬁicatipns between the noncontact IC card 10 and
the reader/writer, in the case in which the position cf the
noncontact IC <card 10 1is 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
reader/writer (hereinafter, it is referred to as the case in
which the noncontact IC card 10 is offszet}.

As discussed abeove, it 1s revealed that in the case in
which the area ratio of the pattern 33 is between 0.5 times

ang 16 times inclusive, the temperature sensor 2ZZA does not

detect any abnormal temperatures and there is no problem of
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the noncontact IC card 10 and the reader/writer. Furthermore, 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
OB prGbEMRis¥s that EbfmMGREatot értd becurSTin R8ftumBations

between the noncontact IC card 10 and the reader/writer, in %Ee case in

T SHfiehIRetpBTioR of the” AdRcontARt-fE cattP 10§ SHifted fréin e Pa=tern

gsitign .carresponding to the reader/writer.in the state jn which the
b ACIC B 108 R ANALS ForlaErwih Tos FeRdernrtor-nat 20

thg%egég?g%%;ggﬂeef%%%% q.as the casein, whi Ht@%ﬂegﬁ%@a&%ﬁmm

iscussed above, it is revealed that In the case in

béES§EEa{ﬁQ°§4£EEB@“@Hé3§£§@@ﬁﬁeg@Oﬁ§“§M§i§Dd3%%9€K§rmore, it

inclusive, the temperature sensor 22A does not detect any abnormal

1 demperatures and therg is ne prablem af 24-commuaicatiens withtheof the
reader/writer. In addition, it is revealed that in the case in which the area

pdatie of thespatterno 38 im0 2, times, thenefteck ehheatdissipatiae s sioak not

and the temperature sensor 22A detects an abnormal temperature
ddiesatse tiye ateacofthé patere3a is:small. Hrurthenmore; dtc s revealedminum

that in the case in which the area ratio of the -
bonded to the surface on.which the IC chip is not mounted, that
is, the space to block radioc 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 pm and 40 um
inciusive, whereby the temperature sensor 22A can be prevented
from detecting abnormal temperatures with no occurrence cof
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 chip
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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pattern 33 is 20 times, the temperature sensor 22A does not detect any

abnormal temperatures but the space of aluminum 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
22894 P RF PY LitfsCrbvidatdifthat the &eRTafd ofthe Jatfef¥ 3316midd intmes
. the noncontact IC card 10 is between 0.5 times and 16 times inclusive,
Ingid e hickids i< BeweBh A5 aind 30 RE TG6Sve: Whefebpire 40 Hm
. temperature sensor 22A can be prevented from detecting abnormal
lrigﬁg%}éftﬁr‘es with no occurrence of problems of the appearance and

commynications. Than, %%e% pé%"eé‘éi%eoﬁ@%te&grs‘%E‘PB%“%'bove, SONY' s

temperatures suﬁpresses the te?mlnatlon of communications In the case

hﬂ@ﬂ“@ﬁ%é%i%%cg%bfgi§é¥@%¥?wﬁﬁ@ébei%ﬁ%%@@f”ﬁﬂ@“ﬂagthe case in

communications with the reader/writer. Therefore, the area ratio of the

wHPatiern 33 preferable o thecasedmwhichthelCehip 22has thenhan sSoNY’ s

temperature sensor 25 22A incorporated therein is between 0.5 times and
ordd timess dnclusive, aaddbe dhickress isshatween 40 Mdatk4G Mn abnormal

inclusive. Moreover, in the experiments described above, SONY's high

t atectnia fieldareader/wrterigiuseo: hot incthercase imaving the preferable
area and thickness is formed in the noncontact IC card 10.

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 33 is not formed. Therefore,
even though a reader/writer other than SONY’s high electric
field reader/writer is used, the pattern 33 1s formed to
suppress the rate of occurrence of detecting abnormal
temperatures by the temperature sensor 2Z2ZA, or to prolong the
time period of detecting an abnormal temperature from the
beginning of communications.

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

Furthermore, the embodiment of the invention 1is not
restricted to the embodiment described above, which can be

modified wvariously without deviating from the scope of
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which a reader/writer having higher electric field than SONY's one 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. However, even though a
reader/writer having higher_electric field than SONY's high electric field

t ealepERits ishse RO Braieriotiof defectiny Hntatiormal

temperature from the beginning of communications tends tp pralong mor
than. e 2968 HRARCHINS bERGRC3 7o NEP ARk THER ATt hel - Chat
thou%h a re%defr/.v(\ég er gﬁher than SONY:s high electric_field reader/writer _ .

VL 1Red, the pjaftjérn 358 formé&dto suppress%he fate’ of 6ecurrence of ’

alq:eél‘%%t{:nigﬁ%%n%%nf ! otSQLP]? r%fge[;ee%a%\é% tg@pgre gﬁnsepéﬁ{lg%m%ﬁi@s and

prolong the "time“period of detécting an"abnormal temperature from the

o thegiNNing of cammyinicatipns. Mergoyer, the shapg:of the,patierp 33 is Aot ne
necessarily a square or a rectangle; 1t may be a cross, for example. -

agpithermore sthe-embodiment gf thednwentign+s aeteestricted to the
embodiment described above, which can be modified variously without
deviating from the scope of 26 teachings of the embodiment of the
invention. It should be understood by those skilled in the art that various
modifications, combinations, sub-combinations and alterations may occur
depending on design requirements and
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other factors insofar as they are within the scope of the appended claims

or the equivalents thereof. 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: a control

circuit configured to control communications done by the antenna coll, the
Whedntéo? ciré@it BPodéd 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 detectin atemgerfltl%re

i ormed

of the'conftBl GFEuR™EBRd BXIRESI rhealE forteminaling the ©

fcommu)Qiciati ns.whena femperature of the control cig:uit IS equal to or_. .
of a meta go%l angd, a _con ens%f1%Fe OYme %F an _inguiating
above™ apredefermined temperature. 2. The antenna modulé according to

«.8lim 1, whetain a space on the instlating substraie.an which the control

circuit 1s disposed and a space on the insulating su%s'trate on which the

pattery is formedh are atleast paytially, overapped yith-each. othgr throughons

the insulating substrate.
done by the antenna coil, the contrel circuit disposed on the

insulating substrate; and
a pattern formed of a metal foil,
wherein the pattern is formed con 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 contrcl means for terminating the communications
when a temperature of the control circuit is equal to or above

a predetermined temperature.

2. The antenna module according to claim I,

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

overlapped with each other through the insulating substrate.
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28 3. The antenna module according to claims 1 or 2, 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 1 to 3, wherein a
thickness of the pattern is between 10 micrometers and 40 micrometers

inclusive. 5rAnantennamedylelia whieh ag antenna eqikformed efia 2,
metal foil and a condenser are formed on an insulating substrate, the
antenna:medile: eompisingt aacanieot €ircuit coafiguredltecontrokubstrate
communications done by the antenna coil, the control circuit disposed on

on thiel ifsulagngesubstrate sahora pattesndermed ofla metahfcil anketdin thess,
pattern is formed on the insulating substrate on the opposite side of the

incbnoNEircLAntheaRgh tHe dnslatisy substrgtel AAY tRE coAtréldHThitHas on
a detecting unit configured to detect a temperature of the control circuit,

“hpl desntrot it ebnfigdired’th téifafPhasdo

4. The antenna module according to any one of claims
1 to 3,
wharein 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
cn the opposite side of the control circuit through the
insulating substrate, and

the control circuit has

a detecting unit configured tc detect a
temperature of the control circuit, and

a control wunit configured to terminate the
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communications when a temperature of the control circuit is equal to or
above a predetermined temperature. 30

communicaticns when a temperature of the control circuit is

equal to or above a predetermined temperature.
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