5 May 2005 1 DESCRI PTI ON Non-Contact I C Card Technical Field The present
invention relates to a non-contact |IC card having recorded infornmation
based on el ectronic data and visible information thereof B@@ﬁ@éﬁﬁﬁd Art A
met hod of perform ng nmagnetic or optical reading has been Tt onal |y
and widely used for credit cards and the like, as ID (identification) cards
for identifying individual persons. However, as altered data and forged
cards have appeared due to popul ariked techni ques, the nunber of people
who actually suffered fromforged cards increases, resulting in a social
probl em concerni ng secret of pMESCRIPTIONr mati on. Therefore, in recent
years, | C cards incorporating |IC chips have attracted attention, as a

manageNy 1 ta fromthe viewpoint of the size of information
capac??%]%fge&%%qgg? Ity to contain cipher data. This kind of 1C card has a
connection termnal for electrical and nechanical connection to exchange
I nformati on between an IC circuit and an external data processing device.
Therefore, it involves various problens, - e.g., maintenance of

ai r-tikgodmesd Fldt he inside of the I1C circuit, countermeasures agai nst
electrostatic breakdown, defective electric connection of term nal

el ect r odes THeOpRIseARigfertidRYeldRESt2 a ABERBAtRNIT card dading/ webided

device. In addition, a nmanual operation of inserting
information based on electronic data and visible information thereof.

Background Art
| A method of performing magnetic or optical reading has been conventionally
and wi,del_y used for credit cards and the like, as ID (identification) cards for
iidentifying individual persons. However, as altered data and forged cards have
appeared due to popularized techniques, the number of people who actually suffered
from forged cards increases, resulting in a social problem concerning secret of private
information. Therefore, inrecent years, IC cards incorporating IC chips‘hav_e attracted
attention, as a manager of personal data from the viewpoint of the size of information
' capacitance and ability to contain cipher data.

This kind of IC card has a connection terminal for electrical and mechanical
connection to exchange information between an IC circuit and an external data
processing device. Therefore, it involves various Aproblems,-e.g., maintenance of
air-tightness of the inside of the IC circuit, countermeasures against electrostatic

breakdown, defective electric connection of terminal electrodes, complicated



or attaching an IC card into a reading/witing device is finally required,
and leads to |low efficiency and conplicated operation in sonme use fields.
There hence have been demands for a non-contact |IC card cggfblofqoﬁf
exchanging information with a renote data processing devi i at
portabl e use can be realized w thout troubles. Hence, devel opments have
been made in a non-contact I1C card v@i ch conprises an antenna for
utilizing el ectromagnetic waves and an I C chip having a nenory and a

cal cul ation.fungtion,, in tthe hase body qf.the card,nmade, of astics. This
o Godmgremis ot apadingiailies doviseq e pddition, 2 saanil Spgruenel BHE: om e
antenna inside the card by an external electromagnetic wave froma

r eadergnatiaching ahiG cawt uhtm agdading/wiithg devige ib finaby yequres; anddeads tonsi des,
so a card with excellent activity can be provided. In sone applications, a
thin Ngit effikiend§AndTomplRARd HRirh@sy i Sorhdabe dielils MiREORENL Havedae a wave

for a long distance or to use a high frequency band. However, from'the

Vi ewpoj fe € _ ' ' . - 23S eagerly
dermn i o Bt IE S8 bt of e BhA i a LS G AE iR En REEEC 1S
carried out by . provjding a recqrdable IC chip a, part qof the card. In
case procshsiadsvise Sortb%l?‘?}éﬁ)h BES CAR Péﬁa]éﬁ“@tm@g‘ll 18- confirmed in
these cards, read processing for recorded information nust be executed by
a dedi cat edersagievglafenéntehaeaiitegemededn a nonecontaiet Iowardrathiche omaprisesr
confirmng them For exanple, in some nenber cards, prem unms and points
are pravifigchd o vilidEaRerdmabRRY faves Bnd ah ICUhip having'£ERAILMGNAN a
card, an introduction must be made optionally by a guidance |etter or 5 My

recor et BinchRR b bBad SR Re b e BBy Sy e MY il BORCT T 0
M dbive e TC by & dieleckie motive force excited from the antenna inside the card by

an external electromagnetic wave from a reader/writer. This card need not include a - -
‘battery poWer source insides, so a card with exceﬂent. activity can be provided. In
some applications, a thin battery such as a paper battery is included internélly to send
a wave for a long distance or to use a high frequency band. However, from the
viewpoints of costs and applications, a battery-less type has been eagerly demanded.. :
In infonnation recording in these cards, digital recording is cazriéd out by
providing a recordable IC chip at a part of the card. In case where contents of .
recorded information are displayed or confirmed in these cards, read proceésing for
recorded information must be executed by a dedicated reading device, and general |
users do not have a way for confirming them. For example, in some member cards,
premiums and points are provided for the members. However, in case of only

recording on a card, an introduction must be made optionally by a guidance letter or -



has been made in a reversible display technique of high/low nolecular-type

in which organic low nolecules in a resin binder, to achieve display based
on nebul ar-transparent contrast. The high/l ow nol ecul ar tgﬁf rzg)!)sr sible

di splay nedium is constructed by a support nmenber such as” EHI I c, sheet
or the like/a coloring layer/a recording (high/low nolecular) |ayer/a
protect |layer or the like. Thus, necegsity has becone nore and nore serious
for 1C cards which has a visible recognition display function and al so

manage cret based,on e] ectroni L.nhformgtion. Further, ..n. recent

year s theilife Henss, &W%f sinplefied sesplay o canfentaterordeddR forBtiar
between an antenna-and an | C chip is provided- on a sheet and the IC chip
i s di hasblegn beingtincrensed. blmenecenttymans, ¢ comphesiithashisodemsand hevetepmeridopt s a
face-down systemin which a projection called a bunp is provided on an

el ect haddedi iadefifaedediblé didplAticchhRfulioThighIdvasRoletulah @ypdarcwhivhby

sol der, gold, or the |like. Somme” connections may be resins cont.aining

ducti ve e : . 0 il .
ove Stbdific O1oWD hofetitbs dn 2R SBHEOMiEdeE 018! Hobiic! 'diFBlaG BERHDm OF TRV
nodul e supstrate, such as an under-fill. In this case %Qso, engl osure
usi ngnpég af4TansPYEBEFOIERSt nLBe suamoleswarntypereysesible displpy meadiam® | ¢ y

for inletting. In a card using an IC chip, all data may be lost if the IC

chi p isconstiwatkddst 4 supporickembemharhedsarastic shiest ar the bkkfacdloning tayenfar ove

mechani cal strength against spot 5 May 2005 4 pressure such as bendi ng,

spot waaﬁ«e#r%(@Mdﬁ%&lb&%ﬁlﬁwﬁgrﬁwﬂaﬁ%ﬁh@ﬂﬂ@n 1'C chip cannot. yet

achi eve sufficient strength ‘at sent although resin having rigidity

di fferent t['h%rsr,] rtle*?:%ss@"l%? Fad BEDhéndtt Ad5nSA Shrious for IC cards which has a

visible recognition display fuhction and also manages secret bé.sed on electronic
information.

Furfher, in recent years, a bare-chip mounting method.in which a junction
electrode part between an antenna and an IC chip is provided on-a sheet and the IC
chip is directly mounted has been attempted to reduce costs. This case adopts é

:. face-down system in which a projection called a bump is provided on an electrode part
formed on a circuit-forming surface of the IC chip b'y‘solder, gold, or the Iike. Some
connections may be resins containing conductive grains, such as anisotropic
conductive films or resins, or may have an object of filling a gap between the IC chip
circuit surface and a module substrate, such as an under-fill. In this case, also,
énclosure using resins as described must be made to attain operational reliability for
inletting. In a card using an IC chip, all data may be lost if the IC chip is mechanically

broken. Therefore, it is a problem how to improve mechanical strength against spot



partially functions as a protector for the IC chip. Therefore, the

mechani cal strength is not sufficient, and there is a problemin
managenent of noney information and ID information which 53@33/%@?’ hi gh
functions fromcards. Hence, a nethod of providing a reinf mat eri al
together with a sealing material has been proposed to respond to prevent
breakdown of the junction part of the IC chip or the ICchip itself.
However, if this reinforcement nmaterfal is used together with a sealing
material having a hardening/contraction effect, the reinforcenent materi al
def or rpressure suclo agl hending spot swpactacandthedike he sealing material. After
providing and card-formng an |G nounting nodul e having the deforned

rei nf or cenefbweRés enalosufe of wndl( thip fnnot ket mehikas sufficieas stresgthedts, and a
reversi ble heat-sensitive recording | ayer on the exterior side, the

def or ' t1 Of hel gk {rif:{btnﬂ | sor bed
when f r%&ﬁgﬁﬁl&e;@a@gﬁjf Irl%gnullé @%@( olafrlﬂrré%ﬁna er @ET[ E%él;ﬁ?‘h}:dgg@gggg ngnglﬁlaconcaves
remain on the surface of the card, .affectin he fl.at ness, |f convexes
and cdiftll “Féﬁ&iﬂﬁ?t%ﬁgc‘i%ﬁg'%@gﬁ@- Q@%@f&sthﬁm%‘%h@mcaiégf’? cannot
be attained during printing oEerat_i on on the reversible heat-sensitive

r ecor dsmgt sﬂrfeﬁsl'zalii,yarﬂjp thhrer isal probkean immanhgethenteof monegemformation and dPobl em i s
involved in that recording errors easily take place. 5 May 2005 5 In

addi tiigfornittlonvivhich refigsd Kigh(fBMEliotiefibm cards.pol ymer of vinyl chloride and
vinyl acetate are mainly . used as materials of these cards. Particularly,

polywi 1y} Gl 8ndifisd B broiBing aelnfolti b RRle bW Lo Bhilf'S sétilgh | ©

excel l ent “i'n physica I'st1Ics, mechanica aracteristics, and

enbo roperty. at . .
S mbterial had béen proposed to respond to prevent breakdown of the junction part of -

the IC chip or the IC chip itself.

However, if this reinforcement material is used together with a sealing material
having..a- hardening/contraction effect, the remforcement material deforms in
accordanee w1th contraction of the sealing material. After providing and card-forming
an IC-mounﬁng module having the deforme(i fcinforcement material, a plurality of
thermoplastic resin sheets, and a reversible heat-sensitive recording layer on the
exterior s;de, the deformation of the part of the reinforcement material cannqt be
absorbed when forming the card from the deformed material but convexes and
_éonca?es remain on the surface of the card, thus affecting the flatness. If convexes
and concaves thus remain, spacing occurs so that sufficient heating cannot be attained
during printing operation on the reversible heat-sensitive recording sheet by a thermal
head or the like. Consequently, a problem is involved in that recording errors easily

take place.



~text part, and is thus just optimal material for cards, which is wdely
used at present. However, although polyvinyl chloride resin has excell ent

material property, process-ability, and econonic property 'tégﬁgerates a
hydrogen chloride gas and damages a furnace when it is digﬁkg f, and
particularly, when it is burnt. Thus, there are problens that the lifetine
of the furnace is shortened and polyvigyl chloride resin is suspected of
relation with dioxin, which. is dealt with as one of environnental
hormones. Wth respect to these problens, many countries including Germany

and those Nor i abditipe pelyeinygototideq POCE redih, 0b-pidpatirtdfeingyYehloride
Donestically, there has been a simlar trend of using other resins than
pol yvi nyandhviyll decetate the rhailldsusdd ki hditegalsmef ethiesd scardsd Patticwdbrly,
resources, and wapping materials. Disclosure of the Invention The present
i nvent i opohadngkehlgridgpossid isrgenesallpfusetde Pobywiayt ichhatide sesinaisi excedlent
descri bed above and has an ,object of providing an | C card which ensures
rel i abi | in physicahechaetsristics.: maghanisail |dhagactiesios,eandppabossnpeopsityt bt
print. characteristic._ In accordance with a first aspect of the present

i nvent i ofeXtipaEtcand is ghyyijust ontinesl- meteral farccansisg wiichniscwidelyl wabatl e
constructed b¥ mounting an I C chip and an antenna circuit on a substrate
is 5 MayPB¥68L-6 sandwi ched between at | east one pair exterior filns,

\;\Qie;]fe chégeb;ﬁg%?j%fq{; gglééeal dp‘éﬁ%n& Si: o%ndeou}essirg ehgg é}?gelie%tc ?Iilﬁelaigl
property, process-ability, and economic property, it generates a hydrogen
chloride gas and damages a furnace when it is disposed of, and particularly,
when it is burnt. Thus, there are problems that the lifetime of the furnace is
shortened and polyvinyl chloride resin is suspected of relation with dioxin,
which. is dealt with as one of environmental hormones. With respect to these
problems, many countries including Germany and those North Europe have
come into movement of depositing PVC. Domestically, there has been a similar

trend of using other resins than polyvinyl chloride, in the fields of building

materials, industrial resources, and wrapping materials.

Disclosure of the Invention

The present invention has been proposed in view of the conventional
situation as described above and has an object of providing an IC card which
ensures reliability of the IC chip without spoiling the outer appearance or the
print characteristic.

In accordance with a first aspect of the present invention, there is
provided a non-contact IC card in which an IC module constructed by mounting

an IC chip and an antenna circuit on a substrate is



material having a substantially circular shape with a dianeter greater than
a |longest dinension value of the IC chip, the substrate is conposed of

pol yet hyl ene t erepht hal at e and/ or pol yet hyl ene napht hal ate, and a hei ght
variation amount of the shape of the reinforcement nateri &Ma2®5surface
thereof is within a range of 20 mor less. In an exanple enbodi nent of the
present invention, the height variationg anount of the surface shape of the
rei nforcenent material is defined to be within a range of 20 mor |ess.
Therefore, in the exanpl e enbodi nent, concaves and convexes di sappear from

h d ] . 5 l.
pri nt - cnsnidyaiR BRIt Bne BT LR (RS RARES dR G TR
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at or andord WRBCreShS B bIGIATTETIL Tl et ARRSERl L WRRICERRRL ©F
IS a crosgstefa] ikﬁ%ﬁ%"d %%%%ﬂgnﬁri&:{tlgﬁ%%]ﬁP@ w?%@ﬁpﬂﬁn?éteﬁ[gréﬁer CRafl a

according to the present inventi s a plan view sliow ng a
struct ur ddngeshiiteneioritalfe GPthe KC ¢hRsl the RublratéGscainpsse@WT polydth{dend -
FIG 3 is a circuit diagramshow ng a’structural exanple of an I'C nodul e
used in tdrephtGalaes ahd/bopolyiethyiirs ndphtiifie, dnd heoight vargedncaasant eftthenal
view showing an I C chip nmounting part of 5 May 2005 7

shape of the reinforcement material on a surface thereof is within a range of 20

pm or less.
In an example embodiment of the present invention, the height variation
amount of the surface shape of the reinforcement material is defined to be within
~ arange of 20 pm or less. Therefore, in the example embodiment, concaves and
convexes disappear from the card surface, and the card has an excellent
appearance and excellent print characteristic.
Other objects, features, and advantages will be cléarly understood from
the embodiments of the present invention described later and the appended

drawings.

Brief Description of the Drawings

FIG. 1 is a cross-sectional view showing a structural example of an IC
card according to the present invention.

FIG. 2 is a plan view showing a structural example of an IC module used
in the IC card shown in FIG. 1.

FIG. 3 is a circuit diagram showing a structural example of an IC module
used in the IC card shown in FIG. 1.

FIG. 4 is an enlarged cross-sectional view showing an IC chip mounting

part of



an IC nodule. FIG 5 is a cross-sectional view. show ng another structural
exanple. of an IC card according to the present invention. FIG 6 is a
cross-sectional view showi ng anot her structural exanple of an IC card
according to the present .invention. FIG 7 is a cross-secPiM#a005 ew
“showi ng anot her structural exanple of an IC card according to the present
I nvention. FIG 8 is a cross-secti on}al vi ew showi ng anot her structural
exanple of an IC card according to ‘the present invention. FIG 9 is a
cross-sectional view show ng another structural exanple of an IC card’
accor @nd§ medulee present invention. FIG 10 is a cross-sectional view
showi ng anot her structural exanple of an IC card according to the present

i nvention. FEGGS id akross-sectbadlviewahoddng aifdsertiseniebiral egathpleodf améCsur f ace
shape of a reinforcenent material in an |IC nodule prepared as a sanple 7.

rF:a'ian %%{:dé%%(%{%ngﬁgrtﬁgﬁgsgﬁtﬁvwrerrent result of the.surface shape of a

, n an nodul e prepared as a sanple 1. FIG 13 is a
Tt or' ol aFU0: oS astosicwchans RasBrranBuaAnoR T Seperyel saRRiesat 81 IChe
rei nforcenent material. 5 May 2005 8 Best Mdde for Carrying Qut the
| nvencashadderdingbtthe prasentinvetéorence to the drawings, detailed expl anati on
Wit be mElijTIeG. 7 is a cross-sectional view showing another structural example of an IC
. card according to the present invention.
FIG. 8 is a cross-sectional view showing another structural example of an IC
card according to the present invention.
FIG. 9 is a cross-sectional view showing another structural example of an IC
card according to the present invention.
FIG. 10 is a cross-sectional view showing another structural example of an IC
card according to the present invention, |
'FIG. 11 is a graph showing a measuremént result of the surface shape of a
reinforcement rhaterial in an 1C module prepared as a sample 7. |
FIG. 12 is a graph showing a measurement result of the surface shape of a
reinforcement material in an IC module prepared as a sample 1. |
FIG. 13 is a graph showing the relationship between the hardness of the |

reinforcement material and the surface variation amount for every thickness of the

reinforcement material.




of enboedi ments of an I C card to which the present invention is applied.
FIG | shows a structural exanple of an IC card 1 according to the present
invention. This ICcard 1 is constructed by sandwi ching an | C npdule .2
between a pair of thernoplastic resin sheets 3a and 3b. FPMa2Wows a
plan view of the I1C nodule 2, and FIG 3 shows a circuit diagramthereof.
As shown in these figures, the I1C noglule 2 is constructed in a structure
in which a resonance circuit conprised of an antenna coil 5 and-a tuning
capacitor 6 is connected to a rectification diode 7, a snoothing capamtor
8, andBes Maile o GargyingOutithe dgvendtamg substrate 4. Note that the tuning
capacitor 6, rectification diode 7 and snmpothing capacitor 8 are

i ncor-por at ddereinaffes, With ¢bfeperReito thodraveings sdetdite] sxplarativn will bévmadesul at i ng
substrate 4 is a si ngle material or mxture selected froma polyester

group 4 BSHiRR )M I hpiéln hal at e, ,

pol yet(jr]%ne naé‘ﬁsﬁ‘%’ﬂgg,@”ﬁ@ ﬁ@hﬁpﬁé’?@ggﬁgo yoﬁaﬁ E%(ﬂg%ip) I ncl udi ng
propyl ene t.h |ike, a ce]lulos i ncl d|n el lulgose triacetate,
el Phl oo di dr shaws Astroengs] prasbie,ok S Gl diadBedRe PdlE Trebftid: g
acrylonitrile-butadi ene-styrene resin, acrylonltrlle st rene resin,

pol ystigventen. Phisylétearddnistaansencisd pasandwichingtamiC module 2 between a

pol yrmet hyl - met hacryl ate, polyacrylic ethyl, polyethyl-nethacrylate, vinyl

acet atpair ofbetbplaktie ks chect@ B ahiSh. | ke, and a pol ycarbonate group. Any
material can be used without probl ems as long as it is an insulating

o ToHRCLY il RO o P oSy P2ha11G: enahe YEolFENl oned

antenna coi |l uni 'ng ‘capaci tor I cation ode sm)ot
Copacii g oo SRt e o0 e st bng caubsliare 4 w11 b
structure in which a resonance circuit comprised of an antenna coil 5 and a tuning
capacitor 6 is connected to a rectification diode 7, a smoothing capacitor 8, and an IC
chip 9,.:0n-an msulating substrate 4. Note that the tuning capacitor 6, rectification
diode7,-and smoothing capacitor 8 are incorporated in the IC chip 9 in some cases.
The material of the insulating substrate 4 is a single material .or mixture selected
from a polyester group including polyimide, polyester, polyethylene terephthalate,
polyethylén‘e naphthalate, and the like, a polyolefin group including propyleﬁe and the
like, a cellulose group including cellulose triacétate, cellulose diacetate, and the like,
a Viﬁyl-based resin group including acrylonitrile-butadiene-styrene resin,
acrylonitrile-styrene resin, polystyrene, polyacrylonitrile, polyacrylic methyl,
- polymethyl-methacrylate, polyacrylic ethyl, polyethyl-methacrylate; vinyl acetate,
polyvinyl alcohol, and the like, and a polycarbonate group. Any material can be used

without problems, as long as it is an insulating organic material.



conposite material thereof. Resin that can be used will be single or m xed
t hérnmopl astic resin selected from vinyl-based resin such as
pol yest er - pol yuret hane resin, polyurethane resin, polyester resin,

“acrylonitrile-butadiene-styrene resin, acrylonitrile- styr&dféay 2o,

pol ystyrene, pol yacrylonitrile, nmethyl polyacrylate,
pol ynet hyl - met hacryl ate, ethyl polyacrylate, polyethyl-nmethacrylate, vinyl
acetate, polyvinyl alcohol, or the I4ke, thernoplastic resin such as

_ polycarbonate or the like, and the like. Further, thernosetting resin such

as phenol Aeaiethodgfproviding the abovesaentransdantenna cobls, tiageapatitonfsed as
known binder resin. In addition, a chem cal conpound containing two or

nor e wettefiedtion dibdé Spamaotiieg cigAditor 8, L0 ehipnd,atid the HkedorcHrNingalatingonpound

i ncluding an epoxy-based functional group- can be used as a reactive

or 9anisGbitpite W0k AF 8o AR of (ifiheOly hRABWERIRAIIA ol BficH LRl bEAC! ! Ve

functional group can be used, X a conpou having a reactive
property such as a, ¢o und i ncluding a hydroxyl group, am no group, .or

t he |i°Qé{P%%?H&§?ﬂ?}rt§Bﬂ[%%s_ In addition, as shown in FIG 4 which enl arges
the part of the ICchip 9, a nethod of connection between the 1C chip. 9
and t he coR¢sathatecandyearsedarill beisingle er mixedtheodoplastitiesin sélected doom ode
(bunp) 9a of the IC chip 9 and the antenna coil 5 or the conductive |ayer

part einyifbas¢Crasininidhngs yéstaf-goﬁmﬁéthﬁﬁ@ﬁbsﬁrﬂ polee st poRester Vey 2005
10 through an adhesive layer 10 and further an "ani sotropi c conductive

adhesi I [ -1 he ' . ' I: ' a
cdnest i @ PoniHER ARG ORUEIRR, LNTiRRehlele R RURSRE 2
R I R R

polyethyl-methacrylate, vinyl acetate, polyvinyl alcohol, or the like, thermoplastic resin

such as polycarbonate or the like, and the like.
Further, thermosetting resin such as phenol resin, epoxy resin, silicon resin, or -
‘the like can be used as known binder resin. In addition, a chemical compound
containing two or more molecules of iéocyanate (NCO) in one molécule or a chemical
compound including an epoxy-based functional group: can be used as a reactive
organic low-molecular agent. Any ofthese compounds including a reactive ﬂnctional
- group can be used, mixed with a compound having a reactive property such as a
compound including a hydroxyl group, amino group, or the like, without problems.
-In addition, as shown in FIG. 4 which enlarges the part of the IC chip 9, a
method of connection between the IC chip 9 qnd the conductive layer part willbe a -
- method in which the electrode (bump) 9a of the IC chip 9 and the antenna coil 5 or the

conductive layer part of the IC-mounting part are connected in a face-down manner



pol yacrylonitrile, nmethyl polyacrylate, polynethyl-nethacrylate, ethyl
pol yacryl ate, polyethyl-nethaerylate, vinyl acetate, polyvinyl-- alcohol,
or the like, polycarbonate-based resin, and epoxy resin, and the |like. For
the adhesive layer 10, it is possible to use a material obt®d/®edPdy ni xi ng
grai ns subjected to non-conductive processing based on an organic nateri al
into the surface of such grains thih are obtai ned by nmaki ng conductive
processi ng (physical or chem cal prfdcessing based on Au, Ni, A, Sn, or
the like) on the surface of conductive grains (A u, N, A, Sn, or the

j 1ver adhgsive 1

li ke) throughrancadhesiveilepergtGiamd funthsriamangsatropic conduct BYeL, in order

to attain an ani sotropi c conductive adhesive layer. In these grains that

have been iilentd ddhelie-laoaE U0 twillebsiagRstdsy; a iliktgendratdongpleryer is.
exposed since the non-conductive processing |ayer is broken when nounting

(e | AR iy 3581 SEF 5 o DA O ST 0o Bl

antenna co e conductive n a use

chip 9 i.s brought.into contact with.the antenna coil 5.or the conductive
| ayer TR acmiQlpbutadiene s aenc Fosi ACTHIGNE-SHTRRS ToSR) PRBFHES50 t hat
the IC chip 9 can contact the antenna coil 5 or the conductive |ayer part

when melyrarylgnittite, n@thglpolyacrylateepolgmethyi-raetuoeylete, ethyl pelyacsyliate,i ng

substrate 4 is sealed by a sealing 5 May 2005 11 material Il flowed so as

to Co‘fﬁﬂyéthﬁl-ﬁﬂthdﬂiﬂatepf vild | eqtbitd PolgviBhovaicoRoF! Gor 4the i Milgy,der to
guarantee the conductive characteristic, and’is reinforced and protected by

Ep{)i;- %&W&?F@%ﬁ%@&é,ﬁd(%p%&gﬁsg??@a@gl Iﬁﬁeglr Imr;ge{ntif ﬁ[yi ?les |1ﬁ can be used
as the seafing meperial 11 \n order i prevent stiges fromybelag applied

grains subjected to non-conductive processing based on an organic material into the

surface of such grains that are obtained by making conductive processing (physical or

chemical pfocessing based on Au, Ni, Al, Sn, or the like) on the surface of coﬁductive

grains (Au; Ni, Al, Sn, or the like) or non-conductive grains, hollow grains, foil, or the

~ like, in order to attain an anisotropic conductive adhesive layer.  In these grains that

have been subjected to non-conductive processing, the conductive layer is exposed

since the ﬁon~conductive processing layer is broken when mounting the IC chip 9, and

.are used for junction between the 'IC'chip 9 and the antenna coil 5 or the conductive

layer. In a use method thereof, the IC chip 9 is brought into contact with the antenna

coil 5 or the conductive layer while pressure is applied or heating 1s further

maintained, so that the IC chip 9 can contact the antenna coil 5 or the conductive layer

part when mounting the IC.

Further, the IC chip 9 adhered to the insulating substrate 4 is sealed by a sealing



9 due to contraction of the volune caused by a thernosetting reaction, a
filler, hollow grains, or foil singly or a conplex thereof is nixed into
this resin and put to use. To restrict generation of stress due to the
“filler, hollow grains, or foil, these matericals are used R 2985 ¢ si ze,
grading, and mxing ratio thereof adjusted properly. Used as the
reinforcenent material 12 is a subsi{int lally circular disk having a

| ar ger-di ameter than the |ongest difension value of the IC chip 9. The IC
chip 9 adhered to the insulating substrate 4 fornse a convex part on the

i nsul amategalstinfewadsoss thieever the periphery ofithe I chip/rasphown in BIG dt.f or med
on the surface of the reinforcenent material 12 so as to reflect the

convexn sfithep o gharhhitcd thEcohducte charact@ivtRRy and anditforcalan] prpeaed bpen the
reinforcenent material 12 is viewed entirely. The convexes and concaves of

this rej ﬁﬁa‘ JBLS | es and concaves on the
card gg—?@g@léc% E‘E’l}}ereﬁa%%ﬁ%ﬁ%%g@gﬁ%ngéaz@%%%gﬁgﬁft he card surface, not
only the appearance,of .the, card is, degr.ade ut also print characteristics
are’ degr adbRoxys0gsed. siligan-haseds obphmcﬂebass&stﬁwmg FmeRRGeaRed visi bl e
recording layer. Hence, in the ICcard | according to the present

i nvengs the sealing matémalel v dnicaderto prevenistreghfoghbeidg apphedtethedCrelup
convexes and concaves) of this reinforcenent 5 May 2005 12 naterial 12 is

def i n9@ukdo Beni#lcticind Pthe voheme BYusedtyd A rnbSetbingrésdtion aifldr oldsmunt
(height difference between convexes and concaves) of the- relnforcenent

oo o e 2 L S5 Sl AT B oGRS BB
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used with their size, grading, and mixing ratio thereof adjusted properly.

Used as the-reinfércemcnt material 12 is a substantially circular disk havinga
- larger-diameter than the longest dimension value of the IC chip 9.
The IC chip 9 adheréd to thé insulating substrate 4 forms a convex part on the
msulating substrate 4. There is a case that a convex part is also formed on the surface. -
- of the reinforcement material 12 so as to reflect theé convex shape of this IC chip 9, so
convexes énd concaves appear when the reinforcement material 12 is viewed entirely.
The convexes and concaves of this reinforcement material 12 appear also as convexes
and cohcaves_on the card surface. If there are convexes and concaves on the card
surféce, not only the appearance of the card is degraded but also print characteristics
are degraded, e.g., blurring or print errors occur in printing on a visible recording layer:
Hence, in the IC card 1 according to the present invention, the surface variation

amount (height difference between convexes and concaves) of this reinforcement



For exanple, to adjust the surface variation anount of the reinforcenent
material 12 to 20 umor less, it is effective to use a material which has
Vi ckers hardness within a range of 200 or nore and 580 or | ess, as the
material formng the reinforcement material 12. The Vi ckePdM®ufQfbess is.
obt ai ned, by a neasurenent nethod according to HS-Z2244, and a Vickers
har dness tester. according to the standard of JIS- 137725 is used. |If the
Vi ckers hardness is |ess than 200, the shape of the IC chip 9 is reflected
on the surface of the reinforcement material 12, or deformation is caused
in acmateteald? isidefinedtd ba20 pan bh besde Byndefofing tiee srdhdenganiaticar ambutl .
Therefore, the surface variation anount of the reinforcenent material 12
cannot(Hegglitel efthck BeBiedtRorRext £t cditaVesh ¢f (B reihfSicefifdiy MARSHAD ‘
concaves al so appear on the card surface, ‘thereby degradi ng the appearance
and causj I an rint _errors., Thus rint . chargcteristig :
ot er 5 slsfhetel 70 AR Re Rt lonfER nd fte Shaorind SLAY SIS e hape
of the ICchip 9 is, not reflected on the surface of the reinforcenent
mat er i Eduged torprowidsr tha paid withngeod appearanpe.acidonddition, wxepllent print
contraction/ hardening of the sealing 5 May 2005 13 nmaterial 11. The
sur f accharactesisticswithowtrilusfor phint eeions cdrcberaniined irepriating dnt@thebdsible
restricted to be very small. However, the reinforcenent material 12 is not
soft, @p&rdihPesRkore, the - bending strength is so low that the card cannot
be provided W th softness. Accordingly, by using a material having Vickers
har dness within the range.of .,.200.0r nore.and | ess than 580.as the
mat e a1 chon fredion 78 AR the R ERE T RgioH, Rwoulh oot RRGToTeSh ; o
can be prevented frombeing reflected on the surface of _the .

matertal 12 to 20 pm or less, it is effective to use a material which has Vickers

hardness within a range of 200 or more and 580 or less, as the material forming the
reinforcement material 12. The Vickers hardness is. obtained by a measurement

- method according to JIS-Z2244, and a Vickers hardness tester according to the
standard of JIS-B7725 is used.

If the Vickers hardaess is less than 200, the shape of the IC chip 9 is reflected - |
on the surface of the reinforcement material 12, or deformation is caused in -
accordaﬁce with contracﬁén/hardenjng of the sealing material 11. Therefore, the
surface variation amount of the reinforc':ement material 12 cannot be reduced to 20 um
or les.s‘ In addition, the convexes and concaves al.so appear on the card surface,
thereby degrading the appearance and causing blurs and print errors. Thus, print |

- characteristics deteriorate. Meanwhile, if the Vickers hardnéss is 580 or more, the
- shape of the IC chip 9 is not reflected on the surface of the reinforcement material 12

or deformation is not caused in accordance with contraction/hardening of the sealing



l

T

rei nforcenent material 12, and the surface variation anount of the
refnforcement material 12 can be adjusted to 20 mor |less. Meanwhile,: the
card can be provided wth proper softness. The material which has Vickers
har dness of 200 or nore and | ess than 580 will. be nonfer PRy 245,
material such as Cu-Sn-P, N -Cu-Zn, Cu-Be-N -Co-Fe, or the I|ike,

ni ckel /al | oy-based material such as_ Ni-Co, NN=C, N-M-Cu, or the |ike,
ni ckel / ferrous-all oy-based materi al 13uch - as Ni-Fe or the like,

titani un’ nol ybdenuni st ai nl ess-based material such as SUS304, SUS301,
Sus31@aterisl 863 The saffags Fariachb4dtyunt SsHe ecinforcement imateriak 12 gabr st eel
such as SK steel, or the like. It is possible to use any of these materials

af t er rédtFichel tol CV&R Sl t HBwelaF, 408 séinfdrdedehtaiatdrisl Al RMot W andt he .
t hi ckness of the reinforcenent material 12 should preferably be within a

at or (eRots? B helBinB e th Y BTN (b e el i S R WA, Corent

material, 12 is 50 pm5 May 2005 14 or |less, the convex shape of the IC

- chip 99EHA¥et be absorbed, and deformation is caused in accordance with

contraction/hardening of the sealing material 11. Thus, the . surface
vari ation auvgordingly, bp@ising franerdatdryvingVékiesd ha@nesswathib éhe ehgeed to 20 m
or less. Alternatively, if the thickness of the reinforcenent material 12

exceeds) HGnofB ard leb$that §80 £Libe rhesil forife rhinféReafen®imdtBfal 2 ched 1

wi thin the range according to. 1SO definitions. Accordingly, by setting
m e OE G B b 5 BRTRRIsEbE bdhe splestbi o HERRR BT on i 1
RO A Ercomment mbterial 13, and the Surface vration amount of the ramforcement
material 12 can be adjusted to 20 pm or less. Meanwhile, the ;zard can be provided
~with proper softness.
The material which has Vickers hardness of 200 or more and-less than 580 will.
be nonferrous metal material such as Cu-Sn-P, Ni-Cu-Zn, Cu-Be-Ni-Co-Fe, or the like,
nickel/aﬂoy#based material such as Ni-Co, .Ni,-C-r, Ni-Mo-Cu, or the like,
- nickel/ferrous-alloy-based material such as Ni-Fe or the like,
"titanium/molybdenum/stairﬂess—based material such as SUS304, SUSSOI,. SUS316,
SUS631, ASL350, SUS430, SUS420, or the like, or carbon steel such as SK steel, or -
"the-like. It is possible to use any of these materials after further increasing the
hé:rdness via a heat treatment.
Also, the thickness of the reinforcement méterial 12 should preferably be within

. arange of 50 um or more and 100 pm or less, if the Vickers hardness of the material

to be used is 200 or more. If the thickness of the reinforcement material 12 is 50 pm



11. is.not caused. Thus, the surface variation anobunt of the reinforcenent
material 12 can be reduced to 20 mor |ess, and the thickness of the IC
card | can be easily set wthin the range according to I SO definitions. If
the Vickers hardness of the material used for the reinforcén¥a2ffxerial 12
.1's 300 or nore, the thickness of the reinforcenment material 12 should
preferably be wthin a range of 30 or nore and 100 mor less. If the

t hi ckness of the reinforcenment matetrial 12 is 30 pmor |ess, the convex
shape O the IC chip 9 cannot _be absorbed, and deformation is caused in

accor danlessusherconyex shepe o the lQshimg emnot be ahserbedy andrdafprnatian 1sthys,

the surface variation anount of the reinforcenent material 12 cannot be

r educedadsed 20acocedanssith bontaldidn/hardeningtofehé béatinpesstenial t heThus, the -
reinforcenent material 12 exceeds 100 um it is difficult to set the

thi cknggs$aQy va&ﬁﬁohgmcﬁ?ﬁg’f gl}ﬁ’i‘gfgﬁi)fbcﬁle{)lﬁ Bﬁeﬁﬁcﬂr&hﬂat bOrddne:ded 20 '.l.h‘%-g ns.

Therefore, by setting ess e reinforcenent materia

within a,ran of 30, m.ar re and 0O mor less, 5 ) 05 15 convex
Chape O 1k Mietnatveh if hapiskmenof e westorsamein s {2 exgess 100 conv
accordance W th contraction/hardening of the sealing material 11, if the

Vi cker gm, ibisdlifficulioto setsheghiskness ofdthe ICggard Hewithimiheriaage according tal 12 i s
300 or nore. The surface variation anount of the reinforcenent material 12

can belS@definiions. ZQ:d@fdfnglj,QfgSse ; etthitknbscsfitrsrenffotdeendi@ materiall i s set
within a range according to SO definitions. Further, sheets nade of

e O ST IS G IO SR ot
3a an dal%i) df\.!}&(])imggticsn? ﬂg %c%?d%c% VIVI%I %edéjol_n a%tiglslfhda?faecﬂiing %?tl?ebge\éﬁhgp‘n%attepl%l
~ 11isnot caused. Thus, the surface variation amount of the reinforcement material 12
cah be reduced to 20 pum or less, and the thickness of the IC card 1 can be éasily set
within the range according to ISO definitions.
If the Vickers hardness of the material used for the reinforcement material 12
18 300 or more, the thicknesé of the reinforcement material 12 should preferably be
‘within a range of 30 um or more and 100 pm or less. If the thickness of the
reinfor'caine;nt material 12 is 30 pm or less, the convex shape of the IC chip 9 cannot
- be absorbed, and deformation is caused in accordance with contraction/hardening of |
- the sealing material 11. Thus, the surface variation amount of the reinforcement
‘material 12 cannot be reduced to 20 um or Iess. In addition, if the thickness of the
reinforcement material 12 exceeds 100 pm, it is difficult to set the thickness of the IC
card 1 within a range according to ISO definitions. Therefore, by setting the thickness

of the reinforcement material 12 within a range of 30 pm or more and 100 pm or less,



thernopl astic resin having a |lowcrystallization characteristic. of a-
crystallization rate of 5 %or less, it is possible to . use copol yner of
terephtal i c-aci d- cycl ohexanedi net hanol - et hyl enegl ycol , or aIIo ofthis
copol ymer and pol ycar bonat e, copol yner of 5 May 2005
terephtalic-acid-isophtalicLacid-etherneegcoI, or one Kkind or m xed

pl ural kinds of non-crystal resin s% ected froma group of resin of

copol ymer -of acrylnitrile-butadiene- étyrene polystyrene resin,

polyacfylnitrile resin ol resi nmet h I-polyacryl ate
resin tfl%daoyﬁ%% ﬁﬁ@%@tﬂfb@r& 51{‘9 fi?é%.a SO dyandaé tia s mot fAusetdrBonat e
resin, and the |ike. These kinds of resin do not generate a gas such as a
hydr ogmeondanoe witth germtwdstioh/har deding ©f! thegeealingl metecd 1dn if the ddiekersnd
environnments, during incineration of disposition after use. Therefore, by

usi Ng Haedndys ¥ ﬂi’@ﬁﬁ&éﬁaﬁ%séa%ﬁme%ﬁﬁ@&%ﬁkﬂlt%ﬁt%ﬁaplﬁ ROF00 bP&oQ@“é[‘h%

facilitated, and probl em of enV| ronnental pollution Is not cause

2005 I
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sheet _created from non-cr stal resin and.crystal resin by a co- extru5|on
met hodessrapdHbe, t thiekiess yoft el 1G gardsd Hobglewihin aeEingeoIcooRdag i MO or

other resin nay be added with various additives or a substance such as
pol yrmelefiortidrise - | i ke within a range of weight ratio of 50 %or |ess, or
nor e preferably W thin 15 %or | ess. A reversible heat- sensitive recordi ng

Sheet 14, a0 O Uty SRR Ay 5
heat - SRRSIclerbRic's aocr:lcji/'spaqhza el ratd ofS 900 dss %%eegse%yasathenﬂoprohg %‘gé‘.IIGI film a
sheets 3a and 3b which sandwich the IC module 2 as described above. As the
- thermoplastic resin having a low-crystallization characteristic of a crystallization rate
of 5 % or less, it 1is possible to . wuse copolymer of
- terephtalic-acid-cyclohexanedimethanol-ethyleneglycol, or alloy of this copolymer and
polycarbonate, copolymer of terephtalic-acid-isophtalic-acid-ethyleneglycol, or one -
kind or mixed plural kinds of non-crystal resin selected from a group of resin of . -
'copolymef of acrylnitrile-butadiene-styrene, polystyrene resin, polyaclylniﬁile resin,
polyvinyl-alcohol resin, methyl-polyacrylate resin, polymethyl-methacrylate resin,
-vinyl acetate resin, polycarbonate resin, and the like.
These kinds of resin do not generate a gas such as a hydrogeﬁ chloride gas
which provides large influences on furnaces and environments, during incineration of

- disposition after use. Therefore, by using resin as described above, processing after

disposition can be facilitated, and problem of environmental pollution is not caused



coloring layer, a reversible heat-sensitive recording |ayer, and a
transparent protect layer.. As the.high-nolecule film it is possible to
use various high-nolecule filns including, for exanple, a

pol yet hyl ene-terephtal ate (PET) filmand the |ike. The col &Ma200%yer is
prepared, for exanple, by forming a netal filmof alumnumor the |like on
the high-nolecule filmby a vacuun1§§position method or the like. . .. The
heat - sensitive recordi ng | ayer can sel ected and used from a

hi gh- npl ecul e/l oy npl ecul e type in which nebular and transparent states
changelit precessiigfoy dispasiti®sr dance with the change of the crystal state of
the organic |ow nolecule nmaterial dispersed in the nother naterial
(matrix) oflntdditiesiin placedofondn-dsptal @68in b théseudnds, dtrzoposditily pe vas aa

t her no- col ori ng conmpound which utilizes reversible coloring reaction

bet weedbtﬂﬂe-@gﬁcmgé@@qg?g%@ewa%a& '-@ﬁiﬂtﬂﬁgﬁ-w%sﬁ%&ep%ﬁ%gﬁﬁbyacce_pt or

t ype conpoun I ch | Sperse er material”. of the Tesin. The

heat -sensi tive recordi ayer is formed.to have a fi.l mthi ckpess of about
2t Fo-mrirySn niaBofng trbhdavssristulERdeY papeFer sosin BT RIR o

| ow- nol ecul e, material to be dispersed in the heat-sensitive recording

| ayer athef regin may by addediwath varigus additives ona substanceassich asipodymeyerthe or gani ¢
acid. For exanple, the material will be saturated or non-saturated nono-
or di -ldarwakin a cangewifaveightiatis tof S0 ot lesss ot mote pagterably ekithipdSrifetarc aci d,
hept a- decane acid, stearic acid, nano-decane acid, arachic acid, behenic
aci d, jhignoceric acid, cerotic acid, nmontan acid, nelissic acid, or the.
like. anpl es of the non saturated fatty acid will be olein

A reversible heat-sensitive recording sheet 14 is adhered to one of the surfaces
of the thermoplastic resin sheets 3a and 3b by way of an adhesive layer 13 . This
reversible heat-sensitive recording sheet 14 is constructed by a high-molecule film, a
coloring layer, a reversible heat-sensitive recording layer, and a transparent protect
layer.- = -

As the high-molecule film, it is possible to use various high-molecule films
including, for example, a polyethylene-terephtalate (PET) film and the like.

The coloring layer is prepared, for example, by forming a metél film of
aluminum or the like on the high-molecule film by a vacuum deposition method orthe

- like,
. The - heat-sensitive recording layer can be selected and used from a
high-molecule/low-molecule type in which nebular and transparent states change
reversibly in accordance w1th the change of the crystal state of the organic

Iow-molecule material dispersed in the mother material (matrix) of the resin, and a |



acid, elaidic acid, linoleic acid, sorbic acid, stearol acid, and the.like.
Note that the fatty acid, derivative of fatty acid, and alicyclic organic
acid are not limted to those described above, and one or two or nore

ki nds of them can be mixed and applied . The nother materi &Maf2Q0%e resin
will be a single, mxture, or copolyner selected from.. acryl-based
resin, urethane-based resin, polyesggr-based . resin,

cel l ul ous-acet at e-based resin, nitro-cellul ous-based resin,
vinyl -chl ori de- baged resin, . and vinyl -acet ate-based resin. Meanwhile, to
cont r $PUGH EOHIPRHER AVBRCES BethsEmarenlamg Gogmpaynd; wbich pidlizep Teversile

heat - sensitive recording part, a plasticizer of resin, a

hi gh- soldringyrepction betweearin, elactdon Hendritigpe caloring cadyemindoaridhan electron
material of resin, at 0.1 to 20 weight% Further, to - inprove the

resis ta@@é‘;ﬁoﬁ%ie%hﬂ)duﬁ_ﬂ%ﬂibh‘é?e éi_sﬁgﬁéea APtheBothRF intéral Y the ¥édn OThehe

-reversi bl’'e héat-sensitive recordi part, a hardener, crossliinking agent,

and t L ke.which aghi gves.three-di pensi qgral ,bri dgi n or .Lpg to the
ot heetrailfe oty FEEis Birfylodavg il mhieds R aBPLE T8R0T, ' ©
0.5 tg 10 weight% Next, the heat-sensitive recording |ayer of the |euco
conpodid @%’@&@eﬁlﬁt%é}l@ﬂl@col oring conpound utilizing reversible coloring
reaction of a |euco conmpound and a col oring/decol oring agent which are
di spersed At firkte threndrigamicrietvemiokdculemiaterial to bé dispeised imthk legat-sensipivevi ded
with a filmthickness of 4 to 20 mby a printing nethod, coating nethod,

or t h?eddrﬂﬁlg P& \bﬂ’l‘l&@fa@@rﬁ?ﬁr lBF'a d\éﬁ{rﬁt*i'vé éffa&%,ciq;bﬂ Alfcﬁﬁ%tmg&ﬂﬂabibde(e

recording layer and 1s nornmally colorless or”light-col’ored, “w

| | . d,for - |t di
Oener o bRl 50 8 B S0 o HEBHLRORGLSE BtRarRg R Cpoy
conductjve heat-sensitive recordi ng paper

acid, mynistic acid, penta-decane acid, palmitic acid, hepta-decane acid, stearic acid,
.nano-decane acid, arachic acid, behem'c acid, lignoceric acid, cerotic acid, montan
acid; melissic acid, or the like. Examples of the non-saturated fatty acid will be olein -
acid, elaidic acid, linoleic acid, sorbic-acid, stearol acid, and the like. Note that the .
fatty acid, derivative of fatty acid, and alicyclic organic acid are not limited to those
- described above, and one or two or more kinds of them can be mixed and applied .

" The mother material of the resin will be a single, mixture, or copolymér selected
from. acryl-based resin, urethane-based resin, polyester-based . resin,
ce]luldus-acetate-based resin, nitro-cellulous-based resin, vinyl-chloride-based resin,
and vinyl-acetate-based resin. Meanwhile, to control the transparence temperature
range of the reversible heat-sensitive recording part, .a plasticizer of resin, a
high-boiling-point solvent, and the like can be added to the mother material of resin,

at 0.1 to 20 weight%. Further, to improve the resistance against -repetitive



heat -sensitive transfer paper, and the |ike. Xanthene-based,

spi ro- pyran-based, | actone-based, fluorane-based, or Salton-based conpound
whi ch has a partial skeleton of |actone, salton, spyro-pyran, or the |ike
is used. However, it is not limted particularly. Specifi&Mayadf9bes
thereof will be 3, 3-bis( p-

di net hyl am nophenyl) - 6- di net hyl am n(ight halido, - bis (p - di nmethyl amin
op hen y 1) ph thai i do, 3,3-

bi s(1, 2-di met hyl i ndol e-3-il)-6-di met hyl am nopht halido, 3 - di nethylam no-
6- chr qirtntihg/erasuziepf the reversihle Beatesen2 0676 rac@rding part, a hardener, crosslinking

3, 3- bi s(9-et hyl carbazol e- 3-i 1-5) - di net hyl am nopht hal i do, '

3- di neigayt amdrhe Tikeivieioh Wchivves tiwee diRRnsidnAll &ﬁ@gﬁhgfﬂd?ﬁesboﬁﬂh%@f fheor i ne,

3- diethyl'am no-6-net hyl -7-anilinoful orine, 3-piperidino-6-nethyl-7-

Ful or ifigtoEnddfrig! G ko efberiqdel b the hiyled AL OISR, of 0, T8 101 10

3-(n-et héé-" n- tetrahydrofril)am no-6-nethyl-7-anilinofulorine, and the

| i ke. WH %are used singly or mxedly. Meanwhile, the coloring/decoloring
agent is a conmpound which rel eases reversibly proton by action of thermnal
ener gy and Nemitethebhemt-sensitnleorécogdinif lager afidhe denod arampowid égie enat he -

| euco compound. That is, this conpound has both of an acidic group

consi %hém%—@éloﬁn@%ﬂﬁiommjtﬁi%gMtﬁ@bl%oﬁ:rﬁfgfﬂé%ﬁénf@l&c@%@nﬁ)ld&ﬁai c group

consi sting of anam no group, and beconmes acidic or basic to color or

420! Qg tofifiBe ARG Hine HEH ' Bl 4Pt SRS ol i
of resin, and can be provided with a film thickness of 4 to 20 um by a printing method,
coating method, or the like. Tht;, leuco compound, which is used in the heat-sensitive
recording layer and is normally colorless or light-colored, will be generally represented
by thoseaised for a pressure-sensitive recording paper, heat-sensitive recording paper,
ﬁght-sensitjve recording paper, conductive heat-sensitive recording paper,

- heat-sensitive transfer paper, and the like. Xanthene-based, .spiro-pyran-based,
Jactone-based, fluorane-based, or salton-based compound which has a partial skeleton
of Iactoné, salton, spyro-pyran, er the like is used. However, it is ﬁot limited
particularly.
'Specific examples thereof will be
3,3 -bis(p-dimethyiaminophenyl)-6-dimethylaminophthalido ,
3,3-bis(p-dimethylaminophenyl)phthalido,
3,3-bis(1,2-dimethylindole-3-il)-6-dimethylaminophthalido,

3-dimethylamino-6-chrolo-7-methylfulorine,



conmpound. In addition, the coloring/decoloring agent having either an
acidic or basic group wll be, for exanple, ami nobenzoic acid,

~0-am nobenzoic acid, 4-am no -3-nmnethyl benzoic acid,

* 3-anmi no- 4- net hyl benzoi ¢ acid, 2-am no-5-ethyl benzoic aci d,5MauA@e- 4-

but hyl benzoic acid, 4-amno -3- nethoxybenzoic acid,

3- am no- 4- et hoxybenzoi ¢ acid, 2-am_no-5- chlorobenzoic acid,

4- am no- 3- br onobenzoi ¢ acid, 2-am nd?2- ni trobenzoic acid,

4-am no-3-nitrobenzoic acid, 3-am no-4-nitril benzoic acid, am nosalicylate,
5 May 20050 29(9 - git i hodpehagi @l excd di 125 jred bl e th yhaimonaghh hbiad 1dai d,
3-ethyl -4- am nonaphthoic acid, nicotinic acid, isonicotinic acid, 2-

met hy|3domethylanaw-3-dbenelaninofabiiing C  dclibthelaniiie-7-dhiretofuldéngonmpound
which includes a basic group as a part of a chloric compound wll be a
salt oy _ X ' _ ;i ian Ll Ny g ) C - vl .group or
2 car Doy ISARRIR 6 R P 7 AuBRBRANISG, A O AnilliER N
thereaof mill  ,be a salt or..a conplex salt of an acid selected from:

hydr o%’b@fhi&t ¥ Tﬁéfutﬁfc}r)&%ﬁpﬁyﬁ1’6‘%Eﬁéfsl,'n79'a$FiYClsldEP $ 1 oI EBFenol
acetates, and the |ike, and a base selected fromaliphatic am nes,

pheny Baidd)l whh yiés m i n oi- §-ng e & biyli-Friared i narfh ki ol é ke. 3 - (n Spehiyfli-a -exanpl es
thereof will be a p-hydroxybenzoic acid- al kylamne salt, p-

hy dr oxeteahyzleofil pendhopbiensthpl-Fydndlifdtaloiiled, andthy HkeX These aicCusid dngly -

al kyl am ne salt, p-hydroxybenzoic nethyl- al kylam ne salt,

p- hydb?ﬁﬁk@dﬂ oic stearyl -alkylamne salt, bisphenol acetate.-alkylam ne,
bi sphenol octyl acetate- al kylam ne salt, and the |like, which are used

singly or pjxedl te that e | euco conpound and th .
gy Meanwlﬁlle, the colormg} ecoiormg ageanpls a compoung which releases

reversibly proton by action of thermal energy and makes both of coloring effect and
| decoloring effect on the leuco compound. That is, this.compound has both of an acidic
- group consisting of a phenol hydroxyl group or a carboxyl group and a basic group
- consisting of an amino group, and becomes acidic or basic to color or decolor the
leuce compound. The basic group may exist as a functional group or as a part of a
compound.

In addition, the coloring/decoloring agent having either an acidic or ba;sic group
will be, for example, aminobenzoic acid, O0-aminobenzoic acid,
4-amino-3-methylbenzoic acid, 3-amino-4-methylbenzoic- acid,
2-amino-5-ethylbenzoic acid, 3-amino-4-buthylbenzoic acid,
4-amino-3-methoxybenzoic acid, 3-ainino-4-ethoxybenzoic acid,
2-amino-5-chlorobenzoic acid, 4-amin6-3-bromobenzoic acid, 2-amino-2-nitrobenzoic

~ acid, 4-amino-3-nitrobenzoic acid, 3-amino-4-nitrilbenzoic acid, aminosalicylate,



col oring/ decol oring agent are not |limted to those descri bed above, and one
or two or nore kinds of those conpounds may be m xed and applied. In
addition, the nmother material of resin to be used is a single, mxture, or
copol yner of resin selected fromacryl-based resin, pol yes®dfapd¥¥d resin,
pol yur et hane- based resin, polyurea, nelamne, polycarbonate, polyam do,
pol yvi nyl pyrol i done, polyvinylalcoa8l, pol yvi nyl chl oride, polyvinyl
buthylal, and the 1like. Further, inAr“order to inprove the resistance
against repetitive printing/erasure at 5 May 2005 21 the reversible
heat - shaminobeazeisastd)i2rmyethyil-5-amunonaphithmic aad, bethyltrapingeaphthoivaghd.f orms  a
t hr ee-di nensi onal bridge corresponding to the nother material of resin, can
be addsicbtiiio atitk isoniditinioRéid! 2-Meth@lnidrfiio acid, 6-dhorbHicoindhadid, brihicher, to
i mprove the resistance, it Is possible to add an ultraviol et absorbent
whichhas a relatively high compatibility wth 'the Ieuco conmpound. In the
|C card 1 according to the present invention as descri bed above, the
surface varj.ation am&:%&lei I&t di.fference between _conyexes and C(()incaves)
of the rei ngludes adrasiorgroup assupath of achlops caawpa@dpe 20 m
or less, so that convexes and concaves appearing on the card surface can
di sappedrbe a gt er a esmplexafalt dflai compdirgl inCluchingla pheaslichwivosybgegrance . and
provi des excellent print characteristics wthout blurs or print errors, in
print laﬂﬂrlﬁtfkyﬂ@ﬁoﬂp,%hﬂ'a%ohgfb?hd iitIndinyah antinbohGiip. A eRariBldtheredf will -

r ,

manuf acturing this I C ca it is possibleto use a neft |amnation

met hog, b t.pre t I il i [ l.ye erials
of t hgl)e éa?ﬂ?a?lg asgﬁglﬁh%esgﬁb‘gf\?geh&@ Egltg?%gjl ﬁ[%%lgo@mrg%ﬁg%%%ea%e | arger
ﬁnhfpoﬁlgg{ogg@géﬁ%@g{jg s,tn % Eegcigsr, ebilsgltlgrgcgla;cegatg)s/, Qﬁg tthfrﬁjll(tel, gt%dpgl ase. The

selected from aliphatic amines, phenylalkylamines, triallylalkylamines, and the like.

Specific ‘examples thereof will be a p-hydroxybenzoic acid-alkylamine salt,
p-hydroxybenzoic acid-phenylalkylamine salt, m-hydroxybenzoic acid—a]kylamine salt,
p-hydroxybenzoic methyl-alkylamine salt, p-hydroxybenzoic stearyl -alkylamine salt,
bisphénol acetate-alkylamine, bisphenol octyl acetate—a]kylaminé salt, and the hike,

~which are used singly or mixedly. Note that the leuco compound and the
coloring/decoloring agent are not limited to those described above, and oneﬁ or two or
more kinds of those compounds may be mixed and applied.

In addition, the mother material of resin to be used is a single, mixture, or
copolymer of resin - selected from acryl-based resin, polyester-based resin,
polyprethane-based resin, polyurea, melamine, polycarbonate, polyamido,
polyvinylpyrolidone, polyvinylalcohol, polyvinyl chloride, polyvinyl buthylal, and the

like. Further, in order to improve the resistance against repetitive printing/erasure at



time are copper plates subjected to.chronme plating, stainless plates whose
surfaces are polished, alum num pl ates whose surfaces are polished, or the
like. In the nelt |amnation nmethod, .transparent protect sheets are

| ayered on both surfaces of the prlnted t her nopl asti c resPiMay@¥ds 3a and
3b. At this time, the types of the protect sheets nmay be different from
each other. In the printing on the éﬂernnplastic resin sheets 3a and 3b,
texts or figures can be printed in £he sane nethod as conventional 5 May
2005 22 printing on papers and plastics, i.e., known printing nmethods such

as a Hharsyeryghlehenhgpnsitorirodydigpan phandcoenpribeidging agenaywhichformsi ng

nmet hod, and the like. After the nelt |am nation, each material of the

i nteg aﬁﬁl%é_-cﬁﬁfeﬁsioﬁaﬂﬁﬂi ok feQPdindifig totticRbthet AlaRsiial BPELsRY %B'Hé&dldéd .
performed into the card shape with a single blade or a male-female nold.

No db
enbos il 'ﬁf’%ﬁh%%@ﬁ%'o?ge%@ SR Loz Pl WRoRe B REIATSr o ol e
Stri ptids PPFPIbRIEHd 48 Aot abERCBL IR BiS Disleoule higlowmaRabuy od.
Thus, the card is finished. For the purpose of inproving the resistance

agai nmthfﬂnedem@neompdundle like of the. printed layer of the letters or
figures, it is possible to further provide a protect layer 1.5. Further,

af ter. cuttimetheld cRF@ICsofdingeb Be gﬁegaﬁqnﬁéiﬁﬁﬁl 5O R REMETARGN R CONt act
| C chi p, an adhesive can be Used t0 embed the IC chip wth use’of an

L S RDASBRE e R SR 27,
AOCOr Cinfbrosment material 12 of the [C module 2 18 defined to be 20 jrh o 16ss, so that
~ convexes and concaves appearing on the card surface can disappear. As a result of
this, this IC card 1 has a good appearance and provides excellent print characteristics
" without blurs or print errors, in printing on the visible recording layer.

Further, as a method of manufacuu'ing this IC card 1, it is posstble touse a melf
lamination method by heat press. In the melt lamination method, respective materials
of the card are sandwiched between mirror plates which are one size larger than the
materials, ;and they are integrated by heat melting press. The mirror plates uéed_ at this
time are copper plates subjected to chrome plating, stainless plates whose surfaces are

. polished, aluminum plates whose surfaces are .polished, or the like. In the melt
lamination method, transparent protect sheets are layered on both surfaces of the
printed thermoplastic resin sheets 3a and 3b. At this time, the types of the protect

‘sheets may be different from each other. In the printing on the thermoplastic resin

sheets 3a and 3b, texts or figures can be printed in the same method as conventional



enbodi ment but can be variously nodified w thout deviating fromthe scope
of the present invention. For exanple, the enbodi nent descri bed above has
been explained with reference to a case where the reversible

heat - sensi tive recording sheet 14 is adhered to the thernBias2q05 resin
sheet 3a in the side of the |G chip-nounting surface. 5 May 2005 23
However, as shown in FIG:- 5, the re&&rsible.heat-sensitive recordi ng sheet
14 may be adhered to the thernoplas¥ic resin sheet 3b in the side opposite
to the side where the 1Cchip 9 is nmounted. In addition, as shown in FIG
6, it printofgecpipess andplastios;iige kanowr prirtong matheds s8ch as atodfsst prntidgsur f ace
on the surface of the thernoplastic resin sheet 3b, on the thernoplastic

resin méemet, &heémgﬁﬁﬁnghi&h@&@ﬁm;hﬁuﬁigeméﬂﬂdnﬁﬂamlike.r esin sheet 3a to .

whi ch the reversible heat-sensitive recording sheet 14. is adhered. By
providing t . 15 eel ] [/ : itive
recording S e%rﬁhgﬁal{ %4"3%358%% eeacf?lalﬁé{e?%émz;t e@tﬁx%gndagé?sng?%%gi ned.
Furthey, as shown in FIGS, .7 to 9, the reinforc nt material 1 y be

or ovi dBé DBOF Blgtss, aRdmvaching wisrismed it thergand shapg v saeoBle 2 but
also in the side opposite to the ICchip nmounting surface. By providing

t he r eirafmalkeefearle maldt erial 12 not only on the | C chip-nounting surface
but also on the surface where the 1C chip is not nounted, the static | oad

strength caNbrRfll Dﬁft@ﬁiﬁﬂcﬁﬁfgethel ¢hrll dhap6 2fctief _léﬁeﬁﬂﬁ‘é’f‘eﬂlboﬂe%g dnand 8,
the surface of the IC fodule 2 where the 1C chip is not nounted nmay be

>®on CRiddsda, R4 Rinei it PRtbtl SaRETRNe TPl PGP P8 8 0T nE

material, 12 y. be provided.. te that FI 8 shows an exanple of the IC
card fchigve coloring, or magnetic information 1s encoded on magnetic stripes. In cases,

a portrait photograph or barcodes are transferred. Thus, the card is finished. For the
purpose of improﬁng the resistance against frictions and the like of the printed layer -
- of the letters or figures, it is possible to further provide a protect layer 15. Further,
after cutting and processing for a concave shape for providing the contact IC chip, an
adhesive can be used to embed the IC chip with use of an adhesive, and thus, a-
combination card or a hybrid card which includes both the non-contact IC and the
- contact IC can be prepared. |
“The IC card 1 according to the present invention is not limited to the above
embodiment but can be variously modified without deviating from the scope of the
. present invention.
For example, the embodiment described above has been explained with
reference to a case where the reversible heat-sensitive recording sheet 14 is adhered

to the thermoplastic resin sheet 3a in the side of the IC-chip-mounting surface.



whi ch the reinforcement material 12 is provided on the surface of the IC
module 2 where the IC chip is not nmounted, and further, the protect |ayer
15 is provided on the thernoplastic resin sheet 3b in the side opposite to
the thernoplastic resin sheet 3a to which the reversible hdday-208sitive
recordi ng sheet 14 is adhered. 5 May 2005 24 1In the ICcard | shown in
FIG 10, the IC nodule 2 is constru&%ed in a structure in which only the

| C-chip nounting part of the insulatng substrate 4 is nmade of a gl ass
epoxy substrate, a plastic substrate, or the _like; and the part of the

ant enddowever, 8 shown i G P, dhe reyeesibly heatisensittve resardipgisheet ldomagbei on | ead
16. <Exanpl es> Next explanation will be made of experinental exanples which

have ladberebtorthe thauioplastihesin hieet 3blitpthicadds oppodifectonthe Sty whasesthiei on.
Al t hough the following experinental exanples wll be explained with

refer ; ey N | - b ] | L ot

T g ol FERERbLA. THTRAGERh, ¥0MRin 1o V16,0 SRR AR G RO 0
prepared first, alum numfaqil hayin t hi.ckness of. 20 nm.i s, adhered to
5 pol peptsst iaver 13 ohdfin prated Surfacanihs shefage of adhesaoplestp rosin RbSst . an

antenna pattern was formed by a resist agent, and an al um num ant enna
pat t e3b,; aashe themmophastictresinsheetr Hrintbe sigle opfrastte tathethicemoplastidwesinnas
prepared. An IC chip (4 mMmmx 4mmx 180 n). was nounted on the antenna

nodul gheétt 3u & Which g PevRediBR Heatefisifive reockllifg i sheef 14 iy allhyredo Bg :
t hi ckness of 30 minserted therebetween. On the I C chip, an epoxy-based

> ]?‘alii)ggoﬁﬁﬁfgrth@ pria8: hyet 16 peefiflp 3 AL, ORite HeBEeMRltivd reCoffih@ Bk diNi Ckness
14 is prevented and the adhesion can be maintained.

Further, as shown in FIGS. 7 to 9, the reinforcement méterial 12 may bé
provided not only on the IC-chip-mounting surface of the IC module 2 but also in the
-side opposite to the IC-chip mounting surface. By providing the reinforcement
| . material 12 not only on the IC-chip-mounting surface but also on the surface where the
IC chip is not mounted, the static load strength can be increased fnore. In this case,

as shown in‘FIGS. 7-and 8, the surface of the IC module 2 where the IC chip is not -
mounted may be sealed with resin, and the reinforcement material 12 méy also be
provided:on the resin. Alternatively, as shown in FIG. 9, only the reinforcement
‘material 12 may be provided. Note that FIG. 8 shows an example of the ICcard 1in
- which the reinforcement material 12 is provided on the surface of the IC module 2

where the IC chip is not mounted, and further, the protect layer 15 is provided on the |

thermoplastic resin sheet 3b in the side opposite to the thermoplastic resin sheet 3a to

which the reversible heat-sensitive recording sheet 14 is adhered.



m as an I C chip reinforcement nmaterial were provided and hardened at 110C
to prepare an | C nodule. Then, fornmation of the reinforcenent materi al
after sealing was neasured by 5 May 2005 25 a non-contact surface shape
measur enent device (manufactured by M TAKA-KOUKI).. . A bidanmai¥bastic
resin sheet was prepared as. follows.: Terephthalic acid, copolyner

(PET-G of cycl ohexane di net hanol gnd et hyl ene glycol, titanium oxide as
a white color filler were mxed at &%wei ght ratio of 10 % and were sheeted
to have a thickness of 350 mby a nelt-extrusion nethod, to obtain a

t her mopl astlhthe Kesand 1 shoven 16f theHiG morale 23s congumetedan @ shiaichyes wer e
printed on one surface of this thernoplastic resin sheet by the screen

pri nt iiAGvHiEH bl tROICChe Mlohathg ?fuit of tidinsElating substeae 49§ miade ofaighised .
thernoplastic resin sheets for the front and back sides were prepared and -

or 1 nt S5O IopSRIES BlhclifBubberllE W RO SR pndhid bl &,

wel ded and, fixed tenpporarily, by an ultrasonic | di ng device. A
ori enﬂﬁﬂt%o%@%‘:yﬁlﬂo@ﬁmamﬁ %@Wﬁ?%ﬁﬂ/i&ﬁ a thickness of 60 m was

provi ded outside the tenporarily fixed sheet, and stainless mrror plates
havi ngfExampleskness of 3 mmwere further arranged to sandwi ch them from
outside. They were pressed into contact and thernmally nelted under

condi ti ons Next @xpRERELAIWIIELE imddOof ExpeHnRnbilasauisled whith higé deénby
heat-nel ting press, and were further cooled and solidified. The OPP was

peel ed f Qe PRIAL hicl ﬁ{edéd\%'ilfgg%g owl?fesm i?l';}eﬁﬁgﬁ.ahf'tﬁoﬁgli the following
experimental examples will be explained with reference to specific numerical values,
the.present invention is not lmited only to those values.
<Sample-1>
o -:.-:At-.ﬁrst, an IC module was prepared. -

At first, aluminum foil héving a thickness of 20 nm is adhered to-a polyethylene
terephthalate film having a thickness of 50 pm. Next, an antenna ?attem was formed
by aresist agent, and an aluminum antenna pattern was formed by etching processing.
Thus, an -éntenna module was prepared. An IC chip (4 mm x 4mm x 180 Mm) was
mounted on the antenna module with a flip-chip adhesive organic conductive film
having a thickness of 30 um inserted therebetween. On the IC chip, an epoxy-based -

sealing material and further A5052 (having a diameter of 7 ram and thickness of 100
pm) as an IC chip reinforcement material were provided and hardened at 110°C to
prepare an IC module.

Then, formation of the reinforcement material after sealing was measured by



| C nodule inlet. A reversible heat-sensitive recording sheet was prepared
as follows. At first, 5 May 2005 26 an Al layer was forned with a

t hi ckness of about 50 A, as a coloring |ayer, on a polyethylene
terephthalate filmhaving a thickness of 50 um by a vacuunbWgw?d02at i on

met hod. A heat-sensitive recording |ayer coating materi al made of organic
nol ecul es di spersed in resin was chgt ed thereon with a coating thickness
of 10 mat a dry tenperature of 12 wi th use. of a gravure nethod.
Further, a protection |ayer was coated thereon with a coating thickness of
3 pm By Bogrc@wtacs psurdaceg shephodmemetementn deviesi vianamufactgredat byi al was

coated with a thickness of 3 . .mon the back surface of this sheet, at a
dry t MPRAKIAKEOWUKILO00C ., by the gravure nethod. A reversible
heat - sensitive recording sheet was thus obtained. . Conpositions of the

Cmaterial, i RRHGIc P ShSOWAR e BY TORGN " TERfHhaliO Beld0

. [ Heat - sensi ti ordi coat i terjal tearic acid: 8 weight part
sebacrepamer BETLGRF cyafthenane fecane aulohyfar seole fipmuprprde
tetrahydrofuran: 20 weight part toluene: 20 weight part [Protection |ayer
" coat i agavduter¢adoy fillemwene mbaded arveeight rasio ofel i, apd mere sheeiedrtodavbonat e
filler: 2 weight part

; a thickness of 350 um by a melt-extrusion method, to obtain a thermoplastic resin

sheet made of white PET-G.

Figures and letters were printed on one surface of this thermoplastic resin sheet
by the screen printing method and the offset printing method. A set of the printed
thermoplastic resin sheets for the front and back sides were prepared and arranged to
sandwich the IC.module prepared beforehand, with their printed surfaces. oriented
outsides. Four corners of the sheets are welded and fixed temporarily by an ultrasonic

- welding device.

A orientative polypropulene film sheet (OPP) having a thickness of 60 }.l.ﬁfl was
provided outside the temporarily fixed sheet, and stainless mirror plai:es:‘ having a
thickness of 3 mm weré further arranged to sandwich them from outside. . They were
pressed into contact and thermally melted under conditions of a temperature of 170
°C and a pressure of 15 kg/cm? by heat-melting press, and were further cooled and

'-éolidiﬁed. The OPP was peeled to obtain a card-forming member which contains an |
IC module inlet.

A reversible heat-sensitive recording sheet was prepared as follows. At first, -



t ol uene: 100 weight part 5 May 2005 27 nethyl ethyl ketone: 100 wei ght
part [Adhesive coating material] polyester-based resin: 40 wei ght part
tol uene: 50 weight part nethyl ethyl ketone: 50 weight part Further, the.
card-form ng nenber including the I C nodule, and the rever8iMaye005

heat - sensitive recordi ng sheet were tenporarily fixed again by the
ultrasonic welding machine, with t heat - sensitive recording | ayer
situated outsides. Orientative pol?gropylene fil msheet was provided

outside the tenporarily fixed sheet, and further, stainless mrror plates
havi nditaAl Ravscriees famed i dckaesy Qloabam ) An 26 HeRIOPEM IBYELINIE. They

were pressed. and thermally nelted under conditions of a tenperature of

120C gudyethplens serephthhlatéfild bhving a thivknessof S0qah by samdusnd vajidrization
Thereafter, punching was carried out into a card shape. In the manner as

descr gili o 'olﬂp W'ReatRendlfie féb%g&ﬁ% l@faér@loaﬁﬂ b Rtéridl BRI frgahRahofRlbdst | ve

recor ~l'ayer was prepare npl es to 20> Non-contact |C cards wer e
Choan QifPFas 8 TR e St CerePRrTl 8 PR dnBFO P b e Thdrlt &l or
the thernopl astic resin sheet. . <Sanples 21 to 23> Non-contact |IC cards
ver e pemparasare of LHECowith use of @rgravunermethadp farthes e pratectioplayies &agat eri-al s
shown in Table 1 were used as materials.of the reinforcenent
coated thereon with a coating thickness of 3 pm by a gravure printing method. Next,
an adhesive coating material was coated with a thickness of 3 .pm on the back surface
of this sheet, at a dry temperature of 100°C , by the gravure method. A reversible
heat-sensitive recording sheet was thus obtained.
Compositions of the heat-sensitive recording coating material, protection layer
~ coating:material, and adhesive coating material used were as follows. |
[Heat-sensitive recording coating material]
stearic acid: 8 weight part
. sebacic acid: 2 weight part
acrylic acid copolymer: 5 weight part
tetrahydrofuran: 20 weight part
toluene: 20 weight part -
[Protection layer coating material]
' écryl-bascd resin: 50 weight part
calcium carbonate filler: 2 w.eighf part

toluene: 100 weight part



5 May 2005 28 material or the thernoplastic resin sheet and that a sealing
mat'erial and a reinforcement material were further provided on the back
surface side of the I1C nodule which was opposite to the |G- nounting
*surface. <Sanples 24 to 28> Non-contact |1C cards were prep@hay 3085t he sanme
manner as the sanple | except that. the materials shown in Table I were
used as materials of the reinforcenent material or the thernoplastic resin
sheet, that a -sealing nmaterial and2d reinforcement material were further
provi ded on the back surface side of the IC nodule which is opposite to
the | C noum¢thypbethyl ketone: E00waightpartsi bl e heat - sensitive recording | aye
was provided on the side of the surface where no | C was nount ed. ‘ :

<Sanpl[asthesit® cbﬁtiﬁéﬁla-f@ﬁz\a,\l;thi ckness of the thernoplastic resin sheets nade
of white PET-G sheets s set to 330 [um In addition, the |IC nodul e was

sandw ched bet ween t he back PET- G sheet where figures were printed |ike
t he sanpl eﬂ%?ﬁ\ﬁﬁqr{l}?éc&f '4$ﬁ3%tmget w t hout figures, and was

tenporarily fixed there between. Card -form ng nenbers including I C nodul es
were pr epaﬁ@'@ellﬁ Yhwewghtpartranner as t he sanpl e | except that a transparent
PET- G sheet having a thickness of 50 umand added with no white filler was

provided ométhgl dthglketons 50 weghtfpatthe tenporarily fixed  card-formng
menber. Non-contact | C cards each having a reversible heat-sensitive

recording IFeder YR8 BadddBbinth RANSEr ifRAMEHeIE 1BdiR and MY reRRTble

~ heat-sensitive recording sheet were temporarily fixed again by the ultrasonic welding
machine, with the heat-sensitive recording layer situated outsides. Orientative
polypropylene film sheet was pfovided outside the temporarily fixed sheet, and further,
. stainless mirror plates-having a thickness of 3 mm were used to sandwich them from -
- outside. They were pressed and thermally melted under conditions of a temperature
of 120°C and a pressure of 15 kg/cm?, and were cooled and solidified. . Thereafter,
punching was carried out into a card shape. In the manner as described above, a
non-contact card having a reversible heat-sensitive recording layer was prepared.
'<Sa_mp1es‘2 to 20> |
Non-contact IC cards were prepared in the same manner as the sample 1 except
that the materials shown in Table 1 were used as materials of the reinforcement
material or the thermoplastic resin sheet.
<Samples 21 to 23>
Non-contact IC cards were prepared in the same manner as the sample 1 except

“that the materials shown in Table 1 were used as materials of the reinforcement



29 Non-contact |IC cards were prepared in the sane manner as the sanple 1
except that the materials shown in Table 1 were used as materials of the
reinforcement nmaterial or the thernoplastic resin sheet and that the
reversi bl e heat-sensitive recording |ayer was set in the SMayad®5where no
| C was mounted. Wth respect to the I1C cards of the above sanples 1 to 38,
eval uations were nmde on the print characteristic, print |ayer adhesion,
static load strength of IC reinforéBng part, bending test, and possibility
of generating a gas containing . At first, with respect to the print

char aanatetial iar, tlee thetmsphstit | reginprshe¢te and mématf acsealing matéreals astli na
Electric Industrial Co., Ltd. was used, and printing was carried out where

| i . . f
appl i (g@{éﬂ%&%f g%at‘éflai E‘fé\}\'n& [lﬁ&gg}egﬁﬁ@\ﬁed"%‘ﬁ theSbaN S@iface Bde6s fHeeliC sur face

of th serve en a print omssion is caused at the
part whe the | C-nountin rt s reinforged by the reinforcenent _
rraterilﬂ?é'ﬁFﬁgnc%W%tOPméﬂg@?a}‘?% g@&gfﬁ&gt ed as x. Qtherwise, when
there was no print om ssion, the print characteristic was eval uated as o.
Wth reSpaplest2d ©hd8rint |ayer adhesion, printing and erasure were

repeated 500 tines: The condition of a figure on the print |ayer on the

back sur f adoetohtaet Iheads sepsplepusediathe sime nizamer avhe sainpby Vegiceptit h eyes:
When a defect or peeling- appears on the figure, the print |ayer adhesion

was e%ﬁétuelte% iafs sPOWAM flﬁble“@ ggt@gﬂ%smgﬁtmgqif% BinfeRemdE. the

print Tayer aa esion was evaluate th respect to the static |oad
g Al B oS5 AR Rt S B YRR iR o
material were further provided on the back surface side of the IC module which is
opposite to the IC-mounting surface, and a reversible heat-sensitive recording layer
- was provided on the side.of the surface where no IC was mounted.
<Samples:29 to 34>
The thickness of the thermoplastic resin sheets made of white PET-G sheets
was set to 330 pm. In addition, the IC module was sandwiched between the béck
PET-G sheet where figures were printed like the sample 1 and the front PET-G sheet
without ﬁgures, and was temporan'iy fixed thercbetween. |
- . Card-forming members including IC modules were prepared in the same
manner as the sample 1 except that a transparent PET-G sheet having a thickness of
50 pm and added with no white filler was provided on the figured surface of the |
| temporarily fixed card-forming member. Non-contact IC cards each having a
reversible heat-sensitive recording layer were thus prepared.

<Samples 35 to 38>



was at the center of the |G chip nmounting part, and the top end shape of
thé probe was -set to be -a sphere having a radius of 0.2 mm The | oad
test speed was set to 0.5 mn /mn. As for the IC breakdown, a breakdown
was decided at the time when conmunication became inpossi ﬁlN@yzﬂQé bendi ng
test was carried out according to the nethod described in JI S-X-6305. IC
operation checks before and after the bending test were nade with use of a
reader/writer (comunication devicef9manufactured by SONY (where 20 |GCs
were checked). Wth respect to the possibility of generating a gas

cont ai ni ng Nein-comactifSedrtds ieteprepafed ifthesmhenrinngr gathegamplal exceptas
evaluated to be present if there is a possibility of generating a gas

cont aigRitgheGhatdipils @h&%dl *faﬁue!bl %&é@c{;s%e ARG Ak 'o?&hgere&ﬁbﬁd

abandonment processing. ervm se there 1s no p033| ifrty o gener ating

a C1 h Qsgi bili of Cl-cont ai ener was e al uated to
Siprial OF 88> fieping fﬂ%@% qets ghestrand dabihe HePetstie deanaasifves s

toget her with their physical values will be shown in Tables | and 2. r 5

May 2@esordingriayerwas gefiinfthe swifaes where no IC was mounted. .
mat eri al Di fferenceVi si bl ePrintingRei nforcement material ofrecordingcharac-

((a:‘i\%/?:) :T;) glegyxlalrz] gﬁpﬁ’{; Iuﬁ S%ﬁ?ﬁdgénﬁsﬁﬁmmmlm 116138, Reatuations were
made on the print characteristic, print layer adhesion, static load strength of IC
- reinforcing part, bending test, and possibility of generating a gas containing CL
At first, with 'respect to the print characteristic, a heat-sensitive printer |
manufactured by Matsushita Electric Industrial Co., Ltd. was used, and printing was ‘
canied out where application energy of the thermal head was 0.5 mJ/dot. The printed
surface of ihe card was observed with eyes. When a print omission is caused at the
part where the IC-mounting part was reinforced by the reinforcement material, the
: print characteristic was evaluated as x. Otherwise, when there was no print omission,
the print characteristic was evaluated as ©.
Wifh respect to the print layer adhesion, printing and erasure were reﬁeated 500
. times: The condition of a figure on the print layer on the back surface of the
~heat-sensitive recording layer was observed with eyes: When a- defect or peeling
appears on the figure, the print layer adhesion was evaluated as x. Otherwise, when
there was no defect or peeling, the print layer adhesion was evaluated as ©.

With respect to the static load strength at the IC reinforcement part, load which

- mvolves IC breakdown on the IC chip mounﬁng part was evaluated. The load position



(gm surfacesurface Sanpl eA505280100261 CxPresent - nounting surface

Sanpl eA50528050301 CPresent - 2nmounti ng surface Sanpl e. A5052803038I CxPr esent
3nounting surface Sanpl eC5210R230100151 COPresent - 4nmounti ng surface

Sanpl eC5210R23050181 COPresent - 5nount i ng surface o May 2005

Sanmpl eC5210R23030231 CxPresent - 6nmounti ng surface

Sanpl eSUS304- H37010081 COPr esent - 7m§bjnti ng surface 5 May 2005 32

was at the center of the IC-chip mounting part, and the top end shape of the probe was
set to be a sphere having a radius of 0.2 mm. The load test speed was set to 0.5
mm/mm As for the IC breakdown, a breakdown was decided at the time when
communication became impossible.

The bending test was carried out accbrding to the method described in-
JIS-X-6305. IC operation checks before and after the bending test were made with use -
of a reader/writer (communication device) manufactured by SONY (Where 20 1Cs
were checked).

With respect to the possibility of generating a gas containing Cl, the possibility

-of Cl-containing-gas generation was evaluated to be present if there is a possibility of
.generaﬁngra gas containing Cl when a card is subjected to incineration deposition as
abandonment processing. Otherwise, if there is no possibility of generating a CI gas,

the possibility of Cl-containing-gas generation was evaluated to be absent. -

Evaluation results of the IC cards of the samples 1 to 45 together with their

physical values will be shown in Tables 1 and 2.



Sanpl eSUS304- H37050101 C. oPresent - 8nmounti ng surface

Sarpl eSUS304- H37030131 COPresent - 9nounti ng surface

Sanpl eSK- 255010051 CoPresent - 10nounti ng surface Sanpl eSK - 25505071 CoPr esent
“1lnounting surface Sanpl eSK- 25503081 CoPresent - 12nounting SuMayaies

Sanpl eSi C260010031 CoPresent - 13nmounti ng surface

Sanpl eA1203110010011 CoPr esent - 14nounting surface

Sanpl eSUS304- H37050151 CoPr esent - 158bunt | ng surface

Table 1 -
Reinforcement material Difference Visible Printing | Reinforcement material
of recording charac-
_ elevation layer teristic
Type Hardness | Thickness after IC IC non-
(Hv) (pm) sealing mounting | mounting
- (in) - swrface .| surface
_Sample AS5052 80 160 26 IC X Present -
1 mounting
surface
Sample A5052 80 50 30 IC ® Present -
2 ' mounting
' surface
Sample. A5052 | 80 30 38 IC - . % -1 Present -
3 _ mounting
| surface
Sample | C5210R 230 | 100 15 1C .o Present -
4 ‘ | | ‘ mou_nting
7 surface
Sample { C5210R 230 50 18 c 0 Present -
5 , mounting
surface
Sample | C5210R 230 30 23 Ic x Present .
6 mounting
surface
Sample | SUS304-H 370 100 8 IC o Present -
7 ' _ mourting
surface




Sanpl eSUS304- H37050161 CoPresent - 16nmounti ng surface

Sanpl eSUS304- H37050151 COPresent - 17nmounti ng surface 5 May 2005 33

Sanpl eNone---1Cx-- 18mounti ng surface Sanpl eNone---1Cx--. 19nmounti ng surface
Sanpl eSUS304 H3705091 coPresent - 20nmounting surface To be coiaydi®d Card
basel C rei nf or cenent GoodPr ot ect | ayerBack printedPossibility of

materi al part static | oadproducts inlayergenerating a strength (kgf)bending:
testgas containing C Sanpl ePET-G5. 826/ 20- Parti al | yNo | peel ed

Sample | SUS304-H | 370 50 10 IC o} Present -
-8 mounting
surface
Samplé SUS304-H 370 30 13 IC 0 | Present - -
9 mounting V '
| surface
Sample SK-2 550 100 5 IC . Q Present -
10 mounting |
surfaée
Sample |  SK2 550 50 7 ic o Present .
11 mounting
_ surface
Sample SK-2 550 30 -8 J LS o Present -
12 mounting
surface
Sample Si0, 600 100 3 € o Present -
13 iounting
_ | surface
Sample ALO, 1106 100 1 ' o Present -
14 - ' ﬁmunting -
surface
Sample | SUS3I4-H | 370 50 15 I o Present -
15 : ' mounting -
surface
Sample | SUS304-H 370 50 16 Ic 0 Present o o-
16 - mounting
.sm“face
Sample | SUS304-H 370 50 15 IC o Present -
17 mounting
| surface




Sanpl ePET- G5. 615/ 20- Parti al | yNo 2peel ed Sanpl ePET- Gb5. 514/ 20- Parti al | yNo
3peel ed Sanpl ePET- G8. 520120- Parti al | yNa 4peel ed

_ Sanpl ePET- G7. 720120- Parti al | yNo 5peel ed Sanpl ePET- G7/18120-Parti al | yNo
6peel ed Sanpl ePET- GL1. 220120-Parti al | yNo 7peel ed Sanpl ePETS®lay 2005
8.420/ 20-Partial l yNo 8peel ed 5 May 2005 34 Sanpl ePET- G7. 620/ 20-Parti al | yNo
9peel ed Sanpl ePET- G12. 920/ 20- Parti aLl yNo 10peel ed
Sanpl ePET- G11. 220/ 20- Parti al | yNo 1llpeel ed Sanpl ePET - &B. 720/ 20-Parti al | yNo

12peeled
. Sample None - - - e X - .
18 mounting
surface
Sample None - - - Ic X - ‘ -
19 ' mounting
7 surface
Sample | SUS304-H 370 50 9 e o Present -
20 mounting
| surface
To be continued
Card base IC reinforcement Good Protect layer | Back printed Possibility of
material | part static load products in laycr generating a
strength (kgf) bending test gas containing
Cl
Sample - | PET-G : 5.8 16/20 - : Partially - No
1 . _ -peeled
Sample | PETG s6 1520 - | Partialy No
2 - peeled
Sample PET-G 55 1420 - | Partiany No
3 o ‘ ‘ peeled
Sample PET-G 8.5 20120 - Partially No
4 o _ - peeled
Smple | PET.G 77 20120 o | Pty | Mo
5 : , . peeled
Sample PET-G 7 18120 - Partially No
6 peeled
Sample PET-G 11.2 | 20/20 - Partially No
7 ‘ peeled
Sample PET-G . 84 20/20 - Partially No
8 : peeled




Sanpl ePET- G14. 313/ 20-Parti al | yNo 13peel ed Sanpl ePET- G15. 314/ 20-Partial | yNo
l4peel ed Sanpl ePET-G 7098. 620/ 20-Parti al l yNo 15/ PC. 30%eel ed
Sanpl eABS8. 220/ 20- Parti al | yNo 16peel ed Sanpl e" PET-G
2098. 320/ 20- Parti al | yNo 17/ PET: 60% / PET-peeled G 20% 5 May 2005
Sanmpl ePET- G5. 412/ 20-Parti al | yNo 18peel ed Sanpl ePVC5. 513/ 20-Parti al |l yPresent
19peel ed Sanpl ePVC8. 320/ 20- Parti al | ?Er esent 20peeled 5 May 2005 35 Table 2
Rei nforcenent material D fferenceVi st'bl ePrinti ngRei nforcenent nateri al

of r ecgrergeharac—elevattont-ayertert-ste—TypeHargressTheknessatter 1 C C
non- | Sample PET-G 76 20120 - Partially No

9 peeled

Sample PET-G 12.9 20/20 - Partially No
10 peeled '

Sample PET-G 11.2 20120 | - Partially No
1 ' pecled

Sample PET-G 8.7 20/20 - Partially No
12 _ - peeled

Sample PET-G 14.3 13/20 - Partially No
13 peeled

Sample PET-G 153 14720 - Partially No
14 ‘ peeled

Sample | PET-G: 70% 8.6 20/20 - Partially No
15 IPC: 30% . . 7 peeled

.Sample ABS 82 20/20 - Partially No
I6 | peeled

Sample | “PET-G: 20%. 83 20/20 - Partiaily No
17 | /PET: 60% /PET- peeled

G: 20%

Sample PET-G 54 12/20 - Partially | No

18 ‘ ‘ ' peeled
|| Sample PVC 5.5 13/20 - Partially Present
19 peeled
.| Sample PVC 83 20/20 - Partially |  Present
| 20 peeled




(Hv) 4, m seal i ngnount i ngnount i ng- (~Lnt) surfacesurface
Sanpl eC5210R23050151 COPr esent Present 21nounting surface
Sanpl eSUS304- H37050141 COPr esent Present 22rmounti ng surface F

" Sanpl eSK- 2550s0t ol COPr esent Present 23nounti ng surface Sanpbdd&R2200823030341 C
non- Present Present 24nounting surface Sanpl eC5210R23050i sl C non- 0P
resent Present 25nmounting surface SaggleSUS304-H370308IC non- OPr esent Pr esent
26mount i ng surface Sanpl eSUS304- H370s0151 C non- OPresent Present 27nounti ng

Table 2
Reinforcement matertal Difference Visible Printing | Reinforcement material
of recording charac- |
elevation layer teristic _
Type Hardness | Thickness after IC IC non-
- {HV) (m) sealing mounting | mounting
(pm) surface surface
Sample | C5210R 230 50 15 Ic o Present | Present
21 mounting |
surface
Sample | SUS304H | 370 50 14 Ic o Present | Present
22 . mounting
surface
Sample - ] SK-2 550 50 10 IC o Present i’resent
23 monnting
. 7 surface
Sample | C5210R 230 30 34 IC non- x Present Present
24 . mounting 7
surface
Sample C5210R 230 50 15 IC non- o Present Present
25 7 A A . mounting
| surface
Sample { SUS304-H 370 30 8 IC non- o Present Present
26 ' mounting
surface
Sample | SUS304-H 370 50 15 IC non- o} Present Present
27 mounting
' surface




I[tsurface Il 5 May 2005 36 Sanpl eSK- 255050101 C non- oPr esent Present
28mount i ng surface Sanpl eC5210R23050171 COPresent 29nounting surface
Sanpl eSUS304- 1137050141 CoPresent - 30nounting surface
Sanpl eSK- 25505091 CoPr esent - 31nounting surface 5 May 2005
Sanmpl eC5210R23050151 CoPr esent Present 32nmounting surface Sanpl eSUS304
H37050151 CoPr esent Present 33nounti ngésurface

Sanpl eSK- 255050101 CO' Pr esent Present “34nount i ng
Sample SK-2 550 50 10 IC non- a Present Present
28 : moﬁnting
7 surface
Sample | C5210R 230 50 17 IC o Present -
29 mounting
surface
Sample | SUS304-H | 370 50 14 € | o Present -
30 ' mounting
- surface
Sample |  SK-2 550 50 9 Ic o Present | - -
31 mounting
surface
Sample | C5210R 230 .50 15 IC o Present Present
32 ‘ ' mounting
surface
Sample | SUS304-H | 370 50 i5 Ic o Present | Present
33 e : mounting
surface
Sample | SK-2 550 50 10 iC o Present | Present
34 ’ : mounting
surface
Sample | C5210R 230 30 23 IC non- o] Present - o-
35 : mouating 7
surface .
Smnple C5210R 230 50 18 ICnon- |- o© Present -
36 o mounting
 surface
Sample | SUS304-H 370 30 13 IC non- o] - Present -
37 . mounting
surface




surface Sanpl eC5210R2303023I C non- OPresent - 35nounting surface

Sanpl eC5210R23050181 C non- OPresent - 36nounti ng surface

. Sanpl eSUS304- H3703013I C non- oPresent- 37nounting surface 5 May 20011 37
‘Sanpl e 38 SUS304-H 370 50 10 IC non- nmounting surface 0 P5ddan200fo be

conti nued
' 37
Sample | SUS304-H 370 50 10 IC non- o Present -
38 mounting
- surface
To be continued
Card base IC reinforcement Good - Protect layer | Back prinied -Possibility of
. mategial part static joad producis in Iayér génerating a
strength (kgf) | bending test o pes
containing C1
Sample |  PETG s 2000 . Partially No
21 peeled
Sample PET-G . 12.5 000 | - Partially - No
22 peeled '
Sample |  PET-G 14.5 20/20 - Partially No
23 ' ' peeled
Sample PET-G 7.2 20/20 R Partially No
24 A ' peeled
Sample PET-G 11.6 20120 - Partially No
25 | ' pecled
Sample PET-G 11.5 20120 .  Partially Mo
26 | peeled
Sample |  PBIG 126 20120 ; Partially No
27 peeled
Sample PETG | 14.7 20120 A Partially No
28 | peeled
Sample PET-G 10.1 2000 | PETG No change  No
29
Sample |  PET.G 83 20120 PET-G No change No
30




Card basel C rei nforcenment GoodProtect |ayerBack printedPossibility of

mat eri al part- static | oadproducts inlayergenerating a strength (kgt)bendi ng
t hat gas containing C Sanpl ePET- Gl1. 520/ 20- Parti all yNo 21peel ed

Sanpl ePET- G12. 520120- Parti al | yNo 22peel ed Sanpl ePET- G14. 526/\y- 205t i al | yNo
23peel ed Sanpl ePET- Gr. 220/ 20Parti al | yNo 24peel ed

Sanpl ePET- G11. 620120- Parti al | yNo 25§3el ed Sanpl ePET- GL1. 520/ 20 Partiall yNo

26peel ed Sanpl ePET- GL2. 620/ 20- Parti al’l yNo 27peel ed
Sanpl @REF-UL4.720120- Rartiakl yNo28pesel ed Sanpl e PET-G10-120/20PEF—G
changgNem@ad [SanmpERPET-|G3. 320/ 20PET- 8o chHangeMNo 3( No change No
31 |
Sample PET-G 114 20120 PET-G No change No
32
Sample PET-G 12.6 2020 PET-G No change No
33 _
Sample PET-G 14.5 2020 PET-G No chenge No
34
Sample PET-G 7 19/20 - Partialy |  No
35 - peeled
Sample PET-G 7.6 20/20 - Partially No
36 : peeled
Sample - PET-G 8.5 20/20 - Pattially | No -
37 - . peeled
Sample | PTG 7.7 20/20 - Partially No
8 o I . : peeled

From the Table 1, at first, in the IC card of the sample 18 in which no
reinfoféémeﬁt material was provided for the IC module; convexes and concqves ofthe
IC ch_ip part were reflected after card-formation, so that the flatness of the card waé

- degraded. .Therefore, the spacing between the heat-sensitive recording layer and the
thenﬂél head was enlarged, thereby causing print omissions. Furthér, in the sample
18, the IC operation rafe after the bending test was 12/20, so that the IC chip or the
junction between the IC chip and the antenna was broken,. resulting in very bad

1;eliability.

In contrast, in the samples in which the IC module was provided with a



S5 May 2005 38 Sarrpl ePET- (9. 220/ 20PET- GNo changeNo 31
Sanpl ePET- G11. 420/ 20PET- GNo changeNo 32 Sanpl ePET- G12. 620/ 20PET- GNo
.changeNo 33 Sanpl ePET- Gl4. 520/ 20PET- GNo changeNo 34
Sanpl ePET- G719/ 20- Parti al | yNo 35peel ed Sanpl ePET- G7. 620/ 20-5Pay 2@03 yNo
"36peel ed Sanpl ePET- G8. 520/ 20- Parti al | yNo 37peel ed

Sanpl ePET- Gr. 720/ 20- Parti al | yNo 38p§5I ed Fromthe Table 1, at- first, in the
| C card of the sanple 18 in which n r ei nf or cenent material was provi ded

for the I.C nodul e; caonvexes and concaves of the JC chip rt re
1 ef | edeldoremant aeaterialang: theodiffarenes af Slewation 4 the subhce Kbapeod thiss
degraded. Therefore, the spacing between the heat-sensitive recording |ayer

and t lreinforvennanit dma_dal/\Was eel witha020 pherthbcoasasisrandocaomiexosiof tho IS.
Further, in the sanple 18, the I1C operation rate after the bending test
was 12489 pakOvérdatot rBfledtbd GHe? Bfd-fOnation or deformation was not caused in -
accordance with contraction/hardening of the sealing material. Excellent flatness was
obtamed on the card surface. As a result of this, excellent print characteristic was
“obtained without causing spacing between the heat-sensitive recording layer and the
thermal head. For example, FIG. 11 shows the surface shape measurement results of -
the reinforcement material with respect to the IC module of the sample 7.
Speciﬁca]ly, in every of the samples 1 to 3 in which material having Vickers
hardness smaller than 200 was used for the reinforcement material provided for the IC
~ module, the difference of elevation of the surface shape wés: greater than 20 pm. The
coﬁcax-res' and convexes thefeof were reflected aﬂer card-formation, so that the flatness
- of the card surface was degraded. Therefore, the spacing was eﬂarged between the
heat-sensitive rgcofding layer and the thermal head, sé print omissions were caused,
_thereby- dégrading the print characteristic. For example, FIG. 12 shows ﬂie surface
shape measurement results of the reinforcement material with reépect tothe ICmodule -
of the sample 1. | |
Meanwhile, in the samples 13 and 14 using reinforcement material made of
‘material having Vickers hardness of 580 or more, the difference of elevation of the

- surface shape was maintained to be small. On the other hand, softness of the

reinforcement material was lost, so seven were defective among twenty samples 13



junction between the I1C chip and the antenna was broken,. resulting in very
bad reliability. In contrast, in the sanples in which the |IC nodul e was
provided with a 5 May 2005 39 reinforcenent material and the difference of
el evation of the surface shape of this reinforcenent natebiMay 2005 set
within 20 gm the concaves and convexes of the IC chip part were not.
reflected after card-formation or dg@orm&tion was not caused in accordance
wi th contraction/ hardening of the sealing material. Excellent flatness was
obt ai ned qn the card surface. As a result of this, excellent print

char acihsixpyeze dg chastam%vw%mp@ﬁdéi- ng spaci ng between the

heat -sensitive recording |ayer and the thernmal head. For exanple, FIG 11
shows t he Siinfsabg usimgpeateriakhavemeWickeeshirdness withiea rasign o6 268 oemooneat er i al
with respect to the I1C nodule of the sanple 7. Specifically, in every of

the sajl Rs thdP580 b8 i hiaferiR 0T théteiffBeM MaBrsal, ﬂ@@lﬁﬁﬁ ofghgliCer than

200 was used for the reinforcenent material provided for the I C nodule, the

differgnce of eleyati .of the surface shape S. great 1. The
concaValb Batcvgied RoutDeiBisaietad ol MespiarRhr URTeMERRHlp) PRlorlihts, [h°
the flatness, of the card surface was.  degraded. Therefore, the spacing was
enl ar glefompatipis preventediomdesing eqused inassondansevaileponirastiondardenvgl head,
SO0 print om ssions were caused, thereby degrading the print _

char aatfgheé staling materist asupthet thiel SBriat2 shifoumongefthe feinforcemepematersalr enent
results of the reinforcenent material with respect to the IC nodule of the
sanpl g.5h. Z,m@(i] ' R | i PwaR mt eri al -
made gaﬁbﬁa@ ra {%Q/Pﬂlgtsrl\]/?%i?%ﬂﬁ?r%%ess 6%5%%“29"@?5 t he ifféeprience of

el evat.s'o%egsf, sb Wat the reliability in IC operation in the bending test can be improved

excellently.
Further, the relationship between the hardness and thickness of the
. reinforcement material willnow be discussed. FIG. 13 shows the relationship between -
the Vickers hardness and thickness of the reinforcement material for every thickness
. of the remforcement material.

. From Table 1 and FIG. 13, at first, in the range that the Vickers hardness is less
than 300 or the rthickness i8 less than 30 pm, the reinforcement material had poor
elasticity and causes deformation of the shape in accor_dance.‘ with -
hardening/contractioﬁ of the sealing material, S0 it is difficult to ensure reliability of

-the IC operation. Meanwhile, in the range that the Vickers hardness is 580 or more
or the thickness exceeds 100 pm, the reinforcement material becomes fragile when the
hardness exceeds. In the range in which the thickness exceeds, only the reinforcement

material part becomes easily thick and becomes difficult to set it within the definitions



-

surface shape was nmaintained to be small. On the other hand, softness.of
thé reinforcement material was |ost, so seven were defective anong twenty
sanples 13 5 May 2005 40 and six were defective anong twenty sanpl es 14.
Thus, by using material having Vickers hardness within a ramdgy 2405200 or
nmore and less than 580 as the material of the reinforcenent material, the
shape of the IC chip is prevented frombeing reflected on the surface of
the reinforcement material and def@lmation is prevented from bei ng caused
in accordance with contraction/hardening of the sealing material, so that
t he sac¢erdengtn JIIS. anong of the reinforcement material can be adjusted to
20 mor less. On the other hand,. the card is provided with opti nal

. sof t ness, mowmglyc, fihak b bourid that thelrelighilitpéf B ecHahtcAsrengh dfest can
be inmproved excellently. Further, the relationship between the hardness

ahove € R B s 8L By BEGARRAL FAC ol it ARNOREaRRE RRER 1

rei nforcene material for, every thic s of the reinforc nt terial.
Fr om aVIE Vickess peedhess wighingg fange pﬁgﬁﬁérrmémﬁa 5% ibanSoReand Rar dness

is less than 300 or the thickness is less than 30 m the reinforcenent

- mat er Hacknhess wisbin a edrepet 630 ypraod meresexl 166 e loss, aind: bre setimagethien

accordance with hardening/contraction of the sealing material, so it is

di f 1 i dififérenbe SFulétionl 6ite! durfacef shdp@owithinOP® @t ThusMeafhodsibleitd t he
range that the. Vickers hardness is 580 or nore or the thickness exceeds

100 e R PSGEE R B, B RAGE e o ob RS
reint tragt?srg%rs]}tive reéording layer.
Also from Table 1 and FIG. 13, in the range that the Vickers hardness is less
than 200 or the thickness is Iess than 50 pm, the reinforcement material had poor .
- elasticity _and .causes deformation of the shape in accordance with
hardeniné/cdntraction of the sealing material, so it is difficult to ensure reliability of
| the IC operation. Meanwhile, in the range that the Vickers hardness is 580 or more
- or the thickness exceeds 100 pm, the reinforcement material becomes fragile when the
hardness exceeds. Inthe range in which the thickness exceeds, only the reinforcement
material part becomes easily thick and becomes difficult to set it within the definitions
-according to JIS. -
Accordingly, it has been found that the reliability of the mechanical strength of
the IC chip part increases by providing the IC module with reinforcement material |

having Vickers hardness within a range of 200 or more and less than 580 and a

thickness within a range of 50 pm or more and 100 pm or less, and by setting the




material part becones easily thick and becones difficult to set it within
the definitirons 5 May 2005 41 according to JIS. Accordingly, it has been
found that the reliability of the nmechanical strength of the IC chip part
i ncreases by providing the I1C nodule. with reinforcenent nmathyi2005 havi ng
Vi ckers hardness within a range of 300 or nore and |l ess than 580 and a

t hi ckness within a range of 30 mor4 re and 100. mor less, and by setting
the difference of elevation of the'Surface shape within 20 pm Thus, it is
possi ble to prepare a- ngon-contact card which has _gati sfactor rint

char aditference of stlevation ofethe. smkage; $hﬂ@er\§%lapcﬂ%m-aﬁms, M BPISBHe 1abl e 1
and FIG 13, in the range that the Vickers hardness is |less than 200 or
the tipreparess nen-testact vard 5@hivh hhe satisfdotorye peint cledrectealsticadf ghor
elasticity . and causes deformation of the shape in accordance with

har deny SRNvEfk! favpe sealing material, so it is difficult to ensur e
reli ag]:e??fé'y 0 ¥ thgﬂh(l,goaajgr'ation. Meanwhi l e, in the range that the Vickers

har dness | 80 or .o 0 he st hi ¢ SS. € s 100 rejnf:or cenent.
ot er it baedetEy Fatdab PalinS BkReE L ECd S 3ol Tor IepRRALET AP T
t he thickness exceeds, only the reinforcenent _material part tfeco s easily
t hi ck resin sbeetsntheratista pessibilityoof genarating aigap pvhach gegy ervseopeeblemeldi ng to
JIS. . Accordingly, it has been found that the reliability of the

nec habiydedgesit otdoddd) dibxint aed te Hké in priteration peoessing. dnoothdi samples | C
nmodul e with reinforcenent material having Vickers hardness wthin a range

of 20Quifet HREmaRial 63 ati8 noIRIGTUE for did hekRGHMsHE Hhlif sBeéieredk 50 mor

nmore an pmor | ess, y setting the

little possibility of génerating a gas which may cause problems of hydrogen chloride,
dioxin, and the like in incineration processing. Accordingly, it has been found that the
problems of hydrogen chloride, dioxin, and the like.can be avoided in incineration
processing by using material containing no chloride for the thermoplasticresin sheets.
Also from Tables 1 and 2, it has been found that the static load strength can be
further -increased by providing the reinforcement material not dnly-on the IC chip
mounting surface but also on the surface where no IC chip was mounted, from
comparison between the samples 5, 8, and 11, in which the reinforcement métetial was
- provided only on the IC chip mounting surface of the IC module, and the samples 21 . .
to 23, in which the same reinforcement material was provided in the side of the IC
-module opposite to the IC-chip mounting surface.
In the samples 24 to 28 in Table 2, the reinforcement material was provided on
both of the IC chip mounting surface and the surface where no IC was mounted, and

further, the heat-sensitive recording layer is provided not in the side of the



5 May 2005 42 difference of elevation of the surface shape within 20.m
Thus, it is possible to prepare a non-contact .card which has satisfactory
. print characteristic of the heat-sensitive recording layer. In the sanples
19 and 20, polyvinyl chloride (PVC) was used for thernopl astMay 2005si n
sheets, there is a possibility of generating a gas which nmay cause probl ens
of hydrogen chloride, dioxin, and tge like in incineration processing. In
ot her sanples which used materi al é ntai ning no chloride for the
t hermgpl astic resin sheets, there is |little possibility of_ generating a
gas wi momyngauﬁ%cgrhsﬂmrth@surfywaé@ne@mkéim mainssd.n Frenvthese 1 i ke in
I nci neration processing. Accordingly, it has been found that the problens
of hydaogdes 2hte28,de hasibeen fourththat helidbilitg.oftthe heclaindddetrenhgthi ofttheer at i on
processing by using material containing no chloride for the thernoplastic

- resinyg eng:?]ﬁré%'sé@ cké l}l'r{f‘ﬁég‘rﬁﬁlelzﬂﬁ%ﬁighitﬁe Hﬁ%en?@?@tg;&@hﬁ(}%rﬂg?%né%s“ atic

| oad st can be I ncreased by prov n or cenent

material, not only - qn,: the |C chi nounti ng surfac ut. al.sp on the
sur £ acBd Ry eRthrceedrd 2000, i ibats nppRtA oAl Paush Dot BtRRERYs anp! es
5, 8, and 11, in which the reinforcenent material was provided only on the
| C chippintrobaracteristacoulddearbtained bg funthier providing thedieatsphativetecording3, in
whi ch the sane reinforcenent material was provided in the side of the IC
nodul ¢ayep e thd sidé of thesiifacewhernd 1€ Rgisshodmed. | n the sanples 24 to 28 in

Table 2, the reinforcenent material was provided on both of the IC chip
mounting s g”@ﬂ r.f ; : 4 her, the
heat - sensi ?II{ élh%(\sre o‘?sd%@ngo ?‘gfe}?f‘a ?esc%gp@gghﬁg |nﬁ%$eﬁlgiggesﬁl§gc?#em E May
2005

back side of the heat-sensitive recording layer. In other samples in which no protect
layer was provided on the prﬁlted surface, peeling appeared on the heat—sensitivé
recording layer. In contrast, in the samples 29 to 34 in which a protect layer was
- provided, no peeling appeared on the heat-sensitive recording layer. Accordingly, it -
~ has been found that the adhesion of the printed layer can be protected by providing a
protect layer on the printed surface in the back side of the 'heat-éensitive recording
layer.

Further, it has been found that the static load strength can be mcreaséd and the
printed surface can be protected by providing the reinforcement material also on the
surface where no IC chip was mounted, from comparison between the samplés 29to

- 31, in which the reinforcement material was provided only on the IC éhip mounting
surface, and the samples 32 to 34, in which the reinforcement material was provided
also on the surface where no reinforcement material was provided.

Inthe samples 35 to 38, areversible heat-sensitive recording layer was provided



43 1 C-nounting surface but on the surface where no I C was nounted. From
these sanples 24. to 28, it has been found that reliability-of the
mechani cal strength. of the |C part increased except the sanple 24 in
which the difference between the concaves and convexes exé&déaed0®) m and
that a non-contact card which had satisfactory print characteristic could
be obtained by further providing th% heat - sensiti've recording |ayer in the.
side of the surface where no I C was Hounted. In the sanples 29 to 34, a
protect |ayer S pyinted o he printed surface in the .  back side of the
heat - ¥h&h¢ ispetace cWherengo| ehip pasomeat nplBe qwswme%%%p& t |ayer
was provided on the printed surface, peeling appeared on the heat-sensitive
r ecor dieatrsémsjteve reiverstole reasdingilayar veere allphtesficddbecausahere wik mohcanvexot ect

| ayer was provided, no peeling appeared on the heat-sensitive recording

| ayer pafC&iaetd iddleYof IC chipp TedifRalifg tHateRal, dndreAtBRSMht Ghaferfal Rfdsnt ed

| ayer ‘can be protected by providing a protect layer on the printed surface

' h \ f th - i i P I P it h
poen SAeEn o el R GRERAIbING ArBEL R e o Rlfion! sBbedose, | ol
The - SUhadE GBrat the HDPLH WS OB TeOTCTIPRG BHSERACA BB GEH o

sanples 29 to 3I, in which the reinforcement material was provided only on
t he | Qacdigss vatnmhi agngs of 286 er naord dridea trokess 0830tpom34, in which:the
rei nforcenent material was provided also on the surface where no

o012 TR, s Tl L LTS Frifech g,
which satisfies the print characteristic while ensuring the reliability of the mechanical
strength of the IC chip part, by using reinforcement material having Vickers hardness
within a rﬁnge of 300 or more and less than 580 and a thickness within a range of 30
pm or more and 100 pm or less, or having Vickers hardness within a range of 200 or -
more and less than 580 and a thickness within a range of 50 pm or mofe and 100 pm

- or less, also in case of providing a reversible heat-sensitive recording layer on the side

. opposite to the IC chip mounting surface reinforced by reinforcement material. -

Industrial Applicability

In the IC card according to the present invention, concaves and convexes:
disappear from the card surface, by defining the surface variation aﬁomt (difference
between convexes and concaves) of réinforcement material provided on the IC
module, to be 20 pm or less.

As a result of this, the card has a good appearance and provides excellent print



on the surface where no I C chip was nounted. The cause and effect of the
hedt-sensitive reversible recording |ayer were all satisfied because there
,Mas no convex part since none of I1C chip, resin sealing material, and
reinforcement material was provided. However, unsatisfact&May2005bility
appeared in the nechanical strength test of the IC chip of the sanple 35
whi ch used reinforcenent material haying Vickers hardness within a range
of 200 or nore and a thickness of 30“m Accordingly, it has been found that
it is possible to prepare a non-contact card which satisfies the print
char a@ﬁ@w taristicwmithentdiwngrar pyint penissions sven inprintingen asdsidhs agordisgr engt h
of the IC chip part, by using reinforcenent material having .Vickers

- hardn&ggr. Wi thin a range of 300 or nore and I ess than 580 and a thickness
within a range of 30 pmor nore and 100 umor |ess, or having Vickers
hardness within a range of 200 or .nore and |ess than 580 and a thickness
within a range of 50 mor nore and 100 m or less, also in case of _
provi ding a reversible heat-sensitive recording |ayer on the side opposit
to the IC chip nounting surface reinforced by reinforcenent material. '
I ndustrial Applicability In the I1C card according to the present invention,
concaves and convexes. disappear- fromthe card surface, by defining the
surface variation anount (difference between convexes and concaves) of
reinforcenent material provided on the IC nodule, to be 20 mor less. As a
result of this, the card has a good appearance and provi des excellent print
5 May 2005 45 characteristic without blurs or print om ssions even in
printing on a visible recording |ayer.



5 May 2005 46 CLAIMS 1. A non-contact IC card in which an I C nodul e
constructed by nounting an IC chip and an antenna circuit on a substrate
i s sandwi ched between at | east one pair exterior filns, wherein the IC
chip is sealed with resin on outside of the | C chip and rebilay2§ by a
rei nforcenent material having a substantially shape greater than a | ongest
di mensi on value of the IC chip, the4€ubstrate is conposed of polyethylene
t erepht hal ate and/ or pol yet hyl ene naphthalate, and a hei ght variation
amount of the shape of the reinforce@bdiIM®terial on a surface thereof is
within a range of 20 gmor less. 2. The non-contact |IC card according to

The non contact " fcsebial s SRR ShEmbduERaRsRhe@e Byl ot

mat eri al _has Vickers hardness within a range of 200 or nore and | ess than
580. 4an Thechip and @ aptennaccizeititi on acyibgiraty s salwiched bafveem phlaapteone
reinforcenent nmaterial has Vickers hardness within a range of 200 or nore

and | epgireheriop$n@NehBasn thi ckness within a range of 50 gmor nore and
100 mor less. 5. The non-contact |C card accor di ng to claim3, wherein the

oL orCeEp 13k B FAGA S SMERT o 08 B3GR GR O, Ton
100 gn}e(x?xrlfclrgesrgént material having a substantially shape greater than a longest dimension
value of the IC chip,
the substrate is composed of polyethylene terephthalate and/or polyethylene
naphthalate, and
a height variation amount of the shape of the reinforcement material on a
surface thereof is within a range of 20 um or less.
2. The non-contact IC card according to claim 1, wherein the
reinforcement material is made of a metal plate.
3. The non-contact IC card according to claim 1, wherein the
reinforcement material has Vickers hardness within a range of 200 or more and less
than 580.
o 4. The non-contact IC card according to claim 3, wherein the reinforcement
material has Vickers hardness within a range of 200 or more and less than 580 and has -
thickness within a range of 50 pm or more and 100 um or less.
5. The non-contact IC card according to claim 3, wherein the reinforcement

material has Vickers hardness within a range of 300 or more and less than 580 and

has thickness within a range of 30 pm or more and 100 pm or less.



5 May 2005 47 6. The non-contact IC card according to claim1, wherein a

part of the substrate, which is a surface opposite to a surface where the
IC chip is sealed and corresponds to IC chip, is also sealed with resin,

and a reinforcenent material is provided on the resin. 7. 5May 2004% cont act
| C card according to claim1, wherein the exterior filmis nade of

mat eri al containing no chloride. 8. #he non-contact +C card according to

claim1l1, wherein the exterior filmis non-crystal resin made of

t her nopl astioc reghe i@vcngaes IOwart ysdcalingzat thim Chehaeden gdrt ©ofahe a
crystallization rate of 5% or less. 9. The non-contact |1 C card according to

cryst a5 E TR hpndste T o R, BhoREMRCIC ShA if R B8, i

the exterior filmis added with various additives within a range of weight
rati o 6PIISEPRNGs tPels chiph islso serled ovitlagesinCand radreinbuseement meteiadiim 9,
wherein the exterior filmis nade of a doubl e-side non-crystal sheet

cr eat egrdyidéd 6R tXEdsipi on nmet hod. 12. The non-contact |1 C card according to
claim 10, wherein the exterior filmis nmade of a doubl e-side non-crystal

Sheet o eat 50 By BeSexbndl R0 Bl TGP, LA i
non-contact |1 C card. 14. The non-contact |1 C card according to claiml1,
wher ei filmgs teadsrofiaggriabcordaming nochwrisle. at | east one of the exterior
films. 5 May 2005
8. The non-contact IC card according to claim 1, wherein the exterior
film is non-crystal resin made of thermoplastic resin having a low-crystallization
characteristic of a crystallization rate of 5% or less.
9. The non-contact IC card according to claim 8, wherein the exterior
film is méde of non-crystal resin and crystal resin.
10.  The non-contact IC card according to claim 9, wherein the exterior
film is added with various additives within a range of weight ratio of 50% or less.
11. The non-contact IC card according to claim 9, wherein the exterior
film is made of a double-side non-crystal sheet created by a co-extrusion method.
12. The non-contact IC card according to claim 10, wherein the exterior
film is made of a double—side non-crystal sheet created by a co-extrusion method.
13.  The non-contact IC. card according to claim 1, wherein protect sheets
are layered on the non-contact IC card.

14.- The non-contact IC card according to claim 1, wherein texts or figures

are printed on at least one of the exterior films.



48 15. The non-contact |IC card according to claim 14, wherein the protect
sheets are l'ayered on at least the printed exterior film 16. The
non-contact |1 C card according to claiml1, wherein relief letters are
enbossed on the non-contact I1C card. 17. The non-contact | &Maw2P0accordi ng
to claim1, wherein magnetic stripes are formed on the non-contact IC
card. 18. The non-contact IC card acédrding to claim1, wherein the
non-contact |1C card is a conbination type having a contact IC. 19. The
non-cont act 15C cdhd mmecomtactdlQ @arl aceorflingvhe ctiim a4y eherdn the protect
heat - sensitive recording sheet is provided on at |east one of the exterior

filnms, Sﬂ\éét{]arealg}/@rgﬁs)g.:érégealssﬁ%hgpr%ﬂg%%&fegio}gﬁ ebet ween, and the reversible

heat - sensitive teco rises I'gh-nmol ecule film a
reversi ble heat-sensitive recording |ayer which is fornmed on _the high
mol ecul e fillfh addeaeamamtact dxdard pecwling to) deian | nwherean reliet lathers gre
transparent protect |ayer forned on the reversible heat-sensitive

r ecor dembokayeasn theGionltshta@necapdact 1 C card according to claim 19, wherein
the heat- sensitive recording |ayer is a high-nolecule/lownolecule type in

eryatar otail of TR GPLEHAS I, RE RERTAIRGTe cvbll b7 wfibRO8GRsobiE ot her
material of the resin. 21. The non-contact |1 C card according to claim 19,
wher ei $iripie arebmmedemstheinpe-qoatant dCragrd.ayer is a | euco conpound type which
utilizes reversible coloring 5 May 2005 49
18.  The non-contact IC card according to claim 1, wherein the non-contact
IC card is a combination type having a contact IC.
19.  The non-contact IC card according to claim 1, wherein a reversible
heat-sensitive recording sheet is provided on at least one of the exterior films, with
an adhesiﬁe layer inserted therebetween, and
the reversible heat-sensitive recording sheet comprises a high-molecule film,
a reversible heat-sensitive recording layer which is formed on the high molecule film
and enables rewriting of visible information, and a transparent protect layer formed
on the reversible heat-sensitive recording layer.
20.  The non-contact IC cérd according to claim 19, wherein the heat-
sensitive recording layer is a high-molecule/low-molecule type in which states
change reversibly in accordance with the change of the crystal state of the organic
low-molecule material dispersed in the mother material of the resin.

21.  The non-contact IC card according to claim 19, wherein the heat-

sensitive recording layer is a leuco compound type which utilizes reversible coloring




reacti on between an el ectron donor type coloring conpound and an el ectron
acceptor type conpound which are dispersed in the nother nmaterial of the
resin. 22. The non-contact |IC card according to claim19, wherein the
reversi ble heat-sensitive recording sheet includes a col obiMay 200per. 23.
The non-contact 1C card according to claim22, wherein the coloring |ayer
is prepared by formng a netal on thd9hi gh-nolecule film 24. The
non-contact |1 C card according to claim 19, wherein texts or figures are

pri nt edeationtetheahameleashelohbt HRfcdlbtng ey@psIA BndaR klcetdsi decustor
recordi ng sheet or the reversible heat sensitive recording |ayer or the

Phe' r orfeSihpodt) whih AR REATh e nbth G RRERR L Beclul § e, he-

non-contact | C card according to claim19, wherein nagnetic stripes are
formed on t R&- nodbegmmacentat [§aeard ®rording toclaimolit, acherein handverstde di ng to
claim19, wherein the non- contact IC card is a conbination type having a

on- cont aereLCTero i SRR Al raNgApRaer o to clam 19, wherein the
- ght.

23.  The non-contact IC card according to claim 22, wherein the coloring
layer is prepared by forming a metal on the high-molecule ﬁlm.-

24.  The non-contact IC card according to claim 19, wherein texts or
figures are printed on the high-molecule film of the reversible heat-sensitive
recording sheet or the reversible heat sensitive recording layer or the protect layer.

25.  The non-contact IC card according to claim 19, wherein the relief
letters are embossed on the non-contact IC card.

26.  The non-contact IC card according to claim 19, wherein magnetic
stripes are formed on the non-contact IC card.

27. The non-contact IC card according to claim 19, wherein the non-
contact IC card is a combination type having a contact IC.

28.  The non-contact IC card according to claim 19, wherein the non-

contact IC card absorbs ultraviolet light.






