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+ | DESCRI PTI ON Non-Contact |1 C Card *159159* Technical Field The present
invention relates to a non-contact |IC card having recorded infornation
_based on el ectronic data and visible information thereof. Backgr ound Art A

met hod of perform ng magnetic or optical reading has been
and widely used for credit cards and the like, as ID (i demmmmmmummm cards
for identifying individual persons. |However, as altered data orged

cards have appeared due to popul arized techniques, the nunber o peopl e

who actually suffered from forlgggpia creases, resulting in a social
probl em concerning secret of prrva information. Therefore, in recent

years, | C cards incorporating |IC chips have attracted atter’
nanageNon*C(pﬁﬁ%toﬁ% aﬂgta fromthe viewpoint of the size of W WM
capacitance and ability to contain cipher data. This kind of | C Cca

connection terminal for electrical and mechanical connection tG thange

I nformati on between an IC circuit and an external data processing device.

Ther ef &mbﬁl Fl | ves various problens, e.g., naintenance of
air-ti gﬁ ness o he inside of the IC circuit, counterneasures against

el ectrost at br eakdown def ectiyv e C n h
el ectrodes, Jrg%rﬂﬂ:?‘?fgt Hyehtio rgﬁa&ﬁ? ?% J%f&g{ ?‘g%@?ﬂg?w? é|“ft21| r}}%{zg&%r%%&@l'ed
addi tion, a nmanual operation_ of insert.i

mformatlon based on electronic data an v151BPe information thereof.

Background Art

A method of performing magnetic or optical reading has been conventionally
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 popularized techniques, the number of people who actually suffered
from forged cards increases, resulting in a social problem concerning secret of private
information. Therefore, in recent years, IC cards incorporating IC chips have 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 problems, 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 capabl e of
exchanging information with a renote data processing device so that
portabl e use can be realized wthout troubles. Hence, devel opments have
been made in a non-contact |IC card whi ch conprises an antenna for
utilizing el ectromagneti c waves and an I C chip having a nenory and a

cal cul ation.function,. in t.he b : gatfdn Of Afskrt: Thi s

i s dedngFhamisme areadingy nﬁggg%%ed?g?éggit}éﬂé%n@tﬁ?%%r te excited I?gr om t he
antenna inside the card by an exter.nal electr neti c. wav r

r eaderdnattaching ahlG ceed inth aggadve/ WHEPEG@VH’G lﬁgﬁ%gp'feﬂ%% ’ agléf;lrc ggg ?Onsi des,

so a card with excellent activity can be provided. In one gppl [ cations, a
thin bight effiidiesmndscompliated bperaoy in soineaisediedds. ntlaradienge 1ave 8REN a wave
for a long distance or to use a high frequency band. However, fromthe

Vi ewpoj f - PR L&dAtdapable of d@hhrgingliefosmiayipa vtk aremoteager | y
derrano%éa{.lgrfdr% tl‘ogl%?ror?rla I oﬁ rec%%gi r?g i r? t hese cgar gs, digital recording is

carried out by . providing,a.rec abl e i he card. In
case V\E@?@r‘é gl,gttfeques Mpﬁggﬁﬁn@gr%%%{r?aﬁairz g(tl&\ff tsﬂgﬁlgyggbclﬁs'confi rmed in
t hese cards, read processing for recorded infornalon st b ted by
a dedi cat edHereajidayeldpwicnts haye begemara in a PRRCENHS hjé?afﬁ ch Cw‘f%g

confirm ng them For exanple, in some menber cards, prem uns and pai nts
are prgyhARAnk %br atikizifgredestromigmuticewavésrandbare G chynhaving 8dBeioRY 28R a

card, an introduction nmust be made optionally by a guidance letter or 3

e R S st
den'andio r?\\//ee tlh%qréet?)E a dielectric 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 excellent activity can be provided. In
some applications, a thin battery such as a paper battery is included internally 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 information recording in these cards, digital recording is carried 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 processing 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 achi eve display based

on nebul ar-transparent contrast. The high/l ow nol ecul ar type reversible
“display nedium is constructed by a support menber such as a plastic sheet
or the like/a coloring |ayer/a recording (high/low nolecular) |ayer/a
protect |layer or the |ike. Thus, necgssity has becone nore and nore serious
for IC cards which has a visible recognition display function and al so

manages $ecr ba d.on e tded infoangdén years,
a bar eﬂs‘éiﬁ ﬁ\tﬁﬂﬁ i d‘?@?ﬂ%ﬁo H%%ﬁgﬁdfgp?%qogl#mg?gﬁ%?odee 1part bet ween an
ant enna and an IC Chl p is_provided on n e | rectly
mount dehstieenibemg mcreaspd et fepeAbRCRLE, t@o"socn%p y‘Wl‘l H’Bﬁg&“@ggpg Q{Iaobﬁlagg down
systemin which a projection called a bunp is provi decégqul an el ect ode part

for ”e%d%rbe%n%éi&é'id a feverdible displbncectofiquaef highdnwpmgjesiaype 15 8YHC hNor the
i ke. connections nay be resins containing conductive grains, such as

ani sotr d o) S or tgrayichiave dis ebasat onlling a
BH: t]%g”p %ﬁ)tl%\{ﬁesf {083 Ofedi®S bitfderOr taTac phéoy g

gap be? circuit surface and a nmodul e substrate, such as an
under-fill. In this cas al cl Qs pqi@_;ﬁlr dhgd nust
be rradléehlﬂaraﬁr?‘aw?r%‘ﬁéto 1as %%e}ggﬁ/i%\wl ? fe%P Itﬂ% rgt@ﬁs%e afsn cgr d using an
| C chip, all datanaybelostlft th h

Ther ef mroenstrtcted by asupppemenhensyc @Eﬂ@hﬁ bﬁ%\trﬂngﬁ? ﬁg?/%gﬁ g@'rhngfag/?ﬁg t spot

4 pressure such as bending, spot inpacts, and the |ike. However, enclosure
of an t&(’?‘!ﬁh ﬁ@]ﬂmw-}’rﬁﬂec&ﬂﬁﬁ)daﬁelﬁalpfotea:tdayemntbnétkﬁ at present although

resin having rigidity different fromthe base material of the card

Thus, necessity has become more and more serious for IC cards which has a
visible recognition display function and also manages secret based on electronic
information.

Further, 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 a
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 by solder, gold, or the like. 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




v partially functions as a protector for the I1C chip. Th

mechani cal strength is not sufficient, and therepis aegfgg{ghmfﬂe

. managenment of noney information and ID information which requires high
functions fromcards. Hence, a nmethod of providing a reinforcenent materi al
together with a sealing material has been proposed to respond to prevent
breakdown of the junction part of the IC chip or the IC chip itself
However, if this reinforcenent material is used together with a sealing

(rjrg; g; L@eﬁwr}g\éiegﬁagyﬁﬁ@ﬁ%n%ﬂ&@o tc{sa(éhh?ﬁ'e fif(é.eCt , the reinforcenent materi al

orovi ding and card-forni raction of the sealing material. After
. -rormng an - pountin duk e havi .
rei nf or ceneHDW@'érqlﬁl(_?Suﬁe of @hiéﬁﬁ%ﬁaﬂ?%&%hé%‘ﬁ %d@%é%[ﬁesstﬂeg{&%%gnd a
reversi ble heat-sensitive recording |ayer on the exterior sitﬁ@ th
¢ &¥Cor bed

def or npiesent althdh pein hatinghegideiyndiffecentefiomntiiechass) materibto

when formng the card fromthe deforned material but convexes and concaves

remain %:g@elgqpﬁbﬁ&?scfs Phrdibaof ficthe T0UWhigf Thetdfoe, thenfechamieskstrérgtbonvexes

ggdatcfgi med ulrJ;Snr emra: ni i ﬁpagl n(F:] ;)?:curs so t hat suffi cient heati ng cannot
recor diSiiPtsh 13%"31%5&%?% prtﬁggﬁl lgﬁﬂ'flﬁége: ] Eé.r()?égér;]rzé q:l}g?]t I yimg%k%([)%: \éﬁq i s
involved in that recording errors easi tg&e place. 5 In addi !toi on
pol yvi infbrroation wdack requjres dugh funcions | fomCaEds: vinyl chiori de and vi nyl
acetate are nainly used as materials of these cards. Particularly,.
pol yvinyl  plehos, ieetirsl of proviking natinforcsment matgraliggetbar withpesgalog, i s
eﬁgellent in physical characteristics, nmechanical characteristics, and
enboss  br ORATiA% en! oA fo re3pénd fo 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 reinforcement material deforms in
accordance with contraction of the sealing material. After providing and card-forming
an IC-mounting module having the deformed reinforcement material, a plurality of
thermoplastic resin sheets, and a reversible heat-sensitive recording layer on the
exterior side, the deformation of the part of the reinforcement material cannot be
absorbed when forming the card from the deformed material but convexes and
concaves 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.



*thus just optimal material for cards, which is wdely used at present.
However, al though polyvinyl chloride resin has excellent nmaterial property,
_process-ability, and econom c 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 problens 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 environnental hornones. Wth respect

to these pr,obl gns. nany. . rias i L0 d’[?l% afdinl ebdsrideoand Eur ope
have cone iIﬁtaéﬁﬁtb%ﬁ’é’r\%@%@ggg&%t@@%@%& B%s icgl I yfn}{lhere has been a
simlar trend of using other resins.than polyvinyl [ i fields
of  buvinyl acetatet atei matlY jused<as m&ter}f’é% rtEE  © % \Af gﬂﬁﬁﬂ%&aﬁ’@?’f“gﬁé

Di scl osure of the Invention The present invention has (lpopien proposed.in view

of t hecileridetsinnal gesietalht used. olylanyt chlotidgbiosm nexerilensin vsrgal of
providing an I C card which ensures reliability of the |IC chip w thout

spoi | i fg £ Beroile ndMRAK AR RiteliftRspand entods geoperty bt textipart andriscont act
| C card according to the present invention, an I C nodule constructed by

mounting an | C chi.p and. ant i Cyls ate is 6 sandw ched
bet weethUggustepiing] ma E'iaf?%rx(faégigg’?h lfQ’ bllérig{l&e\:/}gglrsggrsﬁw? E%S%I Cchipis sealed
with resin on outside of the IC chjp.and rejnforc ey nt
mat eri al halowgver, %ﬁh@@gbrﬁqqanyl eﬁ%\ﬁ%arﬁsghhﬁ%emqﬁ“%?‘g@ @E&ér geit er
than a | ongest dinension value of the IC chip, and a heg ht . variation
anount pRfcekhabiitppand kconemie préperte negenemates adiydregen chipridg 823 B8feof is
within a range of 20 pmor less. In the non-contact IC card according to
the prgsebed B\ERtdcR Whch 68 HidgRREd 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 a non-contact IC card according to the present invention, an IC module

constructed by mounting an IC chip and an antenna circuit on a substrate is




- above, the height variation anmount of the surface shape of the
reinforcement material is defined to be within a range of 20 ~tm or |ess.
Therefore, concaves and convexes disappear fromthe card surface, and the
“card has an excel |l ent appearance and excellent print characteristic. O her
obj ects, features, and advantages will be clearly understood fromthe
enbodi ments of the present inventiongdescribed [ater and the appended

dr awi ngs. Brief Description of the Drawings FIG | is a cross-sectional

vi ew sho % ﬁéj{;v%gﬂé{ %Ia exa ngxnﬁi&s qgﬁ&e Ahe TN stééalé?ﬂvﬂﬁese”t

i nvent$ struc ural exa an |1 C

nmodul e used inthe |1Ccard sho F gram

showi ngsin en outside af theHmghip %i?‘im%n (@C‘ﬁ‘fbﬁlaere&%fgﬂcemﬁq H‘é&?r&? Lfgarv(ljrg % own in
FIG 1. FIG 4 is an enlarged cross-sectional view showing an |IC chi

nmount i fighseaitiallgfcircuddr she Fandtli ®diamdEer greaterdhan 6&@1%tdIWOWV&HC§fgW ng

anot her structural exanple of an IC card according to the present

| nvent Of‘[p gtrk]lﬁ afid b hefbHiARAG SR SHIRARDE HieWHapBOAthereinfirbement matsrialal

exanpl car according to the present invention. FIG 7 is a
Cross-secti vi ew.sho anoth ru exanple of an IC card
accor dPR@ atcﬁéh?TPQEé% %Hﬁ%ﬁfﬂﬁ? ?Ié? é‘t 'éssg‘a cross-sectional view

showi ng anot her structural exanple of. an % bed
In the non-contact IC card according to the present invention as describe

above, the height variation amount of the surface shape of the reinforcement material
is defined to be within a range of 20 pm or less. Therefore, 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 clearly 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



- card according to the present invention. FIG 9 is a cross-sectional view
showi ng anot her structural exanple of an IC card according to the present
_invention. FIG 10 is a cross-sectional view show ng another structural
exanple of an IC card according to the present invention. FIG 11 is a
graph showi ng a neasurenent result of the surface shape of a reinforcenent
material in an I C nodul e prepared as7a sanple 7. FIG 12 is a graph show ng
a nmeasurenent result of the surface shape of a reinforcenent material in
an I C rmg(ﬁle epared as a sanple 1. FIG 13 is a graph showi ng the

rel ati¥h ‘ﬁ@ fween the hardness of the reinforcenent material and the
surface variation anount faor veryéi_lhl ckness

f
material . SFI(Bsts a/pERSSTSEELQRA WEW FOVHINgG ﬁgoqhﬁ{‘,éfﬂlpgﬁa 3 or ‘{E{H 1Gi th

reference to the draw ngs, detailed explanation will be rrade of
enbodi gadtascofding té thecpredettanwitodn.t he present invention is applied. FIG 1
shows a structural exanple of an IC card 1 according to the present

i nvention. - SWIheiaae Bxotradnuchiralgeample ofbatul @ 2
bet ween a %feat:}%g‘cdteﬁ{esrgr%ﬁlg%?ﬁ? reSS| n s ee?s 3a and 3b. FIG 2 shows a

s snosaidhareorite 6 HpRsEn Yoty @ 2 i s const r uct éd ?"nagr "Struct ure
capaci {or 6FIG Zemaeescsoetiontingbr SoednE Hotedusiel SRl bact for
8, and 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 measurement result of the surface shape of a
reinforcement material in an IC 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.




"chi.p 9, on an insulating substrate 4. Note that the tuning capacitor 6,
rectification diode 7, and snoothing capacitor 8 are incorporated in the
.ICchip 9 in sone cases. The material of the insulating substrate 4 is a
single material or mxture selected froma polyester group including
pol yi m de, polyester, polyethylene terephthalate, polyethylene
napht hal ate, and the |ike, a polyolegin group including propylene and the
like, a cellulose group including cellulose triacetate, cellul ose

di acetgi® M ?@gg tadﬂr@ﬁg Ontxf"th%'lﬁ%mli’@r?ed resin group including
u

acrylonitri rene resin acrylonltrlle styrene resin,

pol ystyren ol acr rile,
pol ynet hyl (i—l’[‘gf@ {7?6 dﬁ@h?‘i?%@/l?“ﬁté@?\&’du%edf‘%de vi nyl

acetate, polyvi nyI aI cohol and the I|ke and a pol ycar bonate group. Any
mat er ioflencboditientsefian ¥ caolito whedh ﬁwmremlthmmtm istappledn i nsul ating
organic material. 9 A nethod of providing the above-nentioned antenna coil

5, tuning qapadi §iywa stthral %ﬁiu ?&: afaﬂqc%aranp@&&sr%g:apﬁfe pfdseflt | C
chip 9, and the like on the insulating substrate 4 will be a nethod of

ther oan e hRICRAR" e n%&*ﬁ%“ﬁ‘@ﬂ?@#%éﬁﬂ%%ﬂ%ﬁ@%?r REABRH ¢ esi

sel ect ed from vinyl.-based reS| n such as polyester-polyurethane resin,
pol yurR{hhaCFBep St‘ﬁé‘l’%}%§b€‘? s 3p -acrylonitril e-butadi ene-styrene
resin, acrylonitrile- styrene resin, polystyrene pol yacrylonitrile,
met hyl pol ydéry2 shews poplanmetiéwyl oftitehHe myddchtle 2, etnidy F1(h.0oB \shomss! atoercuit
pol yet hyl - met hacryl ate, vinyl acetate, polyvinyl alcohol, or the like,

t her nefih @i €hdresf. N AsSeidwien r@l@é%Cﬂg@@aame BT héulei X & c@ﬂdrﬁét@d lih k-
Further, thernpsetting resin such ag phenol resin, epoxy resin, silicon

€SI Mstfiicture 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, on an insulating substrate 4. Note that the tuning capacitor 6, rectification
diode 7, 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,
polyethylene naphthalate, and the like, a polyolefin group including propylene and the
like, a cellulose group including cellulose triacetate, cellulose diacetate, and the like,
a vinyl-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.



~the-like can be used as known binder resin. In addition, a chem cal
conpound containing two or nore nol ecul es of isocyanate (NCO in one

~mol ecul e or a chem cal conpound including an epoxy-based functional group
can be used as a reactive organic |ow nolecular agent. Any of these
conpounds including a reactive functional group can be used, mxed with a
conpound having a reactive property guch as a conpound including a

hydr oxyl group, am no group, or the like, without problens. In addition, as

shown in Fi ‘g&%@&Lfﬁ%oe\,ﬁ‘%ﬁrggﬁ%alg&geﬁgé@ﬁoﬂéd5 nh&c6lisPtithing capadittr®, of

connection e conductive layer part will be a

met hod in which the el ectrpde (bu fot | hi. . enna
coi | Sregtificai@on émd@uktsnwtﬁwpeg%f g,?](fﬁ@prbe@aﬂgdﬁ? ?lﬁa%ﬁlgt?\? lggigafgg%nect ed
in a face-down manner 10 through an adhesive |ayer 10 and further an

ani sot §ilpi@tedmwiliché wanethbdsififexingypyrhighdew-melechliarQyganicyBateEIAT 01 i | |
be single resin, a mxture, or a conplex selected fromvinyl-based resin

such aémﬂ?b?'l%ﬁfat@’%ﬂ th&ebh, pol yester-pol yurethane resin,
acrylonittile-butadl ene-styrene resin, acrylonitrile-styrene resin,

pol ystyrene,, .palyacrylonitri. . in selected from

pol ynet hyl _ﬁﬁ§1ﬁ§le¥tﬁag¥>g,usg{i Wil%sc%[@%éé{/ﬁna éi,)/tﬁe%}é{)%'?ﬂgllrésrlr%t hacryl ate, vinyl
acetate, polyvinyl alcohol, or the |ike, ol. ycarbonat e- hased_r esi and
epoxy vuwi-basedhegsimhsuahi aspolyester-pelyyurbans, s,né);@lylir@ﬁque r|e§§1p88§€%8 e to use
a material obtained by m xing grains subjected to non-cqonductive

pr ocessdging deaploditpite-butadigrnstyramet resinalaciylowitrilee styyane 5esan oPoly§HeRE-ai ns
that are obtal ned by naki ng conductive processing (physical or chem cal

procesgj RN bol 1426, pol9eitiyd-meHaprydate; bthyd ol paxeylate,
conduc??{}%cgg;@‘gl?%%’ F,ﬁaul,lylm:)(? y%ry Srll?o gr tllrilsg l'i ke) r}gr non- conducti ve grains,

hol 0Wp {y%it}?yﬁimétﬁiaclzryla?er, v%r{]y?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 isocyanate (NCO) in one molecule or a chemical
compound including an epoxy-based functional group can be used as a reactive
organic low-molecular agent. Any of these compounds including a reactive functional
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 and the conductive layer part will be 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



"like, in order to attain an ani sotropic conductive adhesive layer. In these
grains that have been subjected to non-conductive processing, the
.conductive layer is exposed since the non-conductive processing |ayer is
broken when nmounting 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 nethod
thereof, the IC chip 9 is brought intp contact wwth the antenna coil 5 or
the conductive | ayer while pressure is applied or heating is further

. . . - _ ' . h
condudfSih aPadiRlye et £0 54 RuinGoh GERHRGiS dIRLePRBNFRVE lsRy Lok cq
to the insylatjng. subgtrate 4 ii seaﬂgg m/ a sealing.11 materi al l11_f|ovved
S0 as to ¢ #hthesadhosis lavst 100wl be sfifgle gosins adixtHrS, T eomplex

order to guarantee the conductive characteristic, and is reinforced and
pr ot ecsebattd from vaiybased mesin suehersi pilyd2thmmevied sy polyaster-palsiiretbanat er i al
11. Epoxy-based, silicon-based, or phenol-based thernpsetting resin can be
used rR§int RErydSMtiRhUTAIRhe A yrbhe rbiinOh&iSloniflRERYRAL rB6InE POIYstprankei ng
applied to the I1C chip 9 due to contraction of the volune caused by a

t her mosglt | £ t] illar i r . foi I a
compl P afFHE ithyl Bollashiare, BBha PR iR Ry Bt Bhv1 GO Dby ey
generation of stress.due ta the filler, hollow grains, or foil, these

nat er i@lget@yi—mq}ggmtteh tHBYr @cskategr RE m@P%n&?%qlglng of at the tﬁ]‘gﬁeof

adj usted properly. Used as the reinforcenent material 12 is a substantially
ci r culpnlyctirbandteshianegd acsih sanybepaliyaresing and tha likee | ongest di nensi on val ue of

the ICchip 9. The IC chip 9 adhered to the insulating substrate 4 fornms a

convex partF@ihé Bghedivé lﬁy%fril'()g 1\ E@ﬁésrs?dlé té usd A8hStetial bGaAs&Rl biﬂ@ﬁixmgonvex
part is also forned on the surface

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 processing based on Au, Ni, Al, Sn, or the like) on the surface of cohductive
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 non-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 ause 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 is 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 1s sealed by a sealing



©of the reinforcenent material 12 so as to reflect the convex shape of this
IC chip 9, so convexes and concaves appear when the reinforcenent materi al
12 is viewed entirely. The convexes and concaves of this reinforcenent
material 12 appear al so as convexes and concaves on the card surface. If

t here are convexes and concaves on the card surface, not only the
appearance of the card is degraded byt also print characteristics are
degraded, e.g., blurring or print errors occur in printing on a visible

recordi ng | rq Hence, in th : I yeh t 3
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convexes and concaves) of this, rejnforcenent 12 erial A2 i |,ned to
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di fference between convexes and concaves) of the reinforcement material 12

i s def j peidféree@@nt-irmxeriall I@sprovededven the sealingonataviak | hppearing on the card
surface are reduced to provide the card with good appearance. In addition,

excel | ent. pE'BS'JEy-bﬁglf'H, %ﬂi&frﬂ-ﬁﬁéeﬁ?o?“ghé}wtbd@bd tRer@iiogettiny reyir oas bearsede
attained in printing onto the visible recording |ayer. For exanple, to
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measurement nethod according to JIS-Z2244, and a Vickers hardness_tester
seco i i sfud st s b e e S s doress
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used with their size, grading, and mixing ratio thereof adjusted properly.
Used as the reinforcement material 12 is a substantially circular disk having a
larger diameter than the longest dimension value of the IC chip 9.
The IC chip 9 adhered to the insulating substrate 4 forms a convex part on the
insulating 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 the convex shape of this IC chip 9, so
convexes and concaves appear when the reinforcement material 12 is viewed entirely.
The convexes and concaves of this reinforcement material 12 appear also as convexes
and concaves on the card surface. If there are convexes and concaves on the card
surface, 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



" accordance with contraction/hardening of the sealing material 11.

Therefore, the surface variation anount of the reinforcenent material 12
.cannot be reduced to 20 ~tm or less. In addition, the convexes and
concaves al so appear on the card surface, thereby degradi ng the appearance
and causing blurs and print errors. Thus, print characteristics
deteriorate. Meanwhile, if the Vickers hardness is 580 or nore, the shape
of the ICchip 9 is not reflected on the surface of the reinforcenent

mat er i : r ' i a i I .
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the bending strength is so |low that the card cannot be provided with

sof t nasslefined to A0 pgm v ldsy, asivegesambtendanies hppéaring/on kes sardamnifaesare t hi n
the range of 200 or nore and |less than 580 as the material for the
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frombeing reflected on the surface of the reinforcenent material 12, and

ach ust i To s P TR BriR et S bR R o P Bl M SRR

pr oper soféne?s. The material which has Vickers hardness of 200 or nore and
| ess tIREATHBY'A%F1 be nonferrous nmetal material such as Cu-Sn-P, N -Cu-Zn,
Cu-Be-Ni -Co-Fe, or the like, nickel/alloy-based naterial such as N -Co,
Ni - Cr, Ni - NtorCexaroplet te ddjist, thensurkade/ {amatoors -aaiduny - dfaded remfecealensuch as
Ni -Fe or the like, titaniui-n/inolybdenunt stainless-based material such as
SUS304mateHaBa2. to>P3if 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 hardness 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

accordance with contraction/hardening of the sealing material 11. Therefore, the

surface variation amount of the reinforcement material 12 cannot be reduced to 20 um

or less. In addition, the convexes and concaves also appear on the card surface,

thereby degrading the appearance and causing blurs and print errors. Thus, print

characteristics deteriorate. Meanwhile, if the Vickers hardness 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



' SUS63 1, 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 hardness via a heat treatnent. Al so, the thickness
of the reinforcenent material 12 should preferably be within a range of 50
pmor nore and 100 pmor less, if the Vickers hardness of the material to
be used is 200 or nore. If the thickpmpess of the reinforcement material 12
is 50 ~tm 14 or less, the convex shape of the IC chip 9 cannot be

absor d ] St i - 1 .
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wi t hi rthereforearthe bansnglistrgngth isi so lawf thait tthe reard Aweaotibeg pygvided seith i ng t he
t hi ckness of the reinforcenent material 12 within a range of 50 to 100

~tm tdodtre@svex shape of the 1C chip 9 can be absorbed, and deformation in
accordance with the contraction/ hardening of the sealing material | | is
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is 300 or nore, the thickness of the reinforcenent material 12 shoul d

pr ef ershispg dfetheiiG phip A cambgeroverged [fram deinpreflestet] 00ah¢ Isnrface lofske 1 f t he
t hi ckness of the reinforcenent material 12 is 30 ~Lmor | ess, the convex

shape refnfoh&nhéntchaferRl d2naal thbeusfseneitioddndehosMiid esinfsrcemiéned in
accordance with contraction/hardeni ng of

material 12 can be adjusted to 20 pm or less. Meanwhile, the card 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/alloy-based material such as Ni-Co, Ni-Cr, Ni-Mo-Cu, or the like,
nickel/ferrous-alloy-based material such as Ni-Fe or the like,
titanium/molybdenum/stainless-based material such as SUS304, SUS301, 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
hardness via a heat treatment.

Also, the thickness of the reinforcement material 12 should preferably be within

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

to be used 18 200 or more. Ifthe thickness of the reinforcement material 12 is 50 pm



“the'sealing material 11. Thus, the surface variation anmount of the
reinforcenent nmaterial 12 cannot be reduced to 20 [Lmor less. In
.addition, if the thickness of the reinforcenent material 12 exceeds 100
[im it is difficult to set the thickness of the IC card | within a range
according to 1 SO definitions. Therefore, by setting the thickness of the
rei nforcement material 12 within a rppge of 30 ~Lmor nore and 100 ~Lm or

| ess, 15 the convex shape of the I1C chip 9 is absorbed and deformation is
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rei nforce nt mat rial 12 is 300 o e. syrface va unt of
the ref3Hsgddd Wee‘ﬁt Poqtza%t&m Hl&%fgﬁ{: éeajﬁlqrﬂﬂ’ﬁe&a llfeiguSé 8 the
t hi ckness of the ICcard | is set V\nthlnarange according to I SO

def i ni $urfatz. vaFiativhamowt e tle rearforaeimentenatophbkl ¢annoebe re drig 28 pm
| ow-crystallization characteristic of a crystallization rate of 5 % or

lless ay, 1e§§esm§nétm%'bggghg§made§§ bf thS hekforcSReANGatRiaMnx ceaagogh t he

| C nodul e 2 as descri bove the ther m)pl astic resin having a
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| ess,

tere htallc acid-c cIohexanedlnethanoI- yl enegl ycol, .or alloy of. this
copolpylrﬁ(? dgﬁglthﬁs; %Qﬁqg@wb by, g,p}tert ; €ss 0 tﬁ/e reinforcement materia
terephtalic-acid-isophtalic-acid-ethyl eneglycol, or one kind or m xed
pl ur al 1Xiwithin afanmgerofci/st HI0 pasthe coeivex shapd ofxﬂnchgrlnpﬁ cah becadisortadd,
copol yrer of acrylnitrile-butadiene- styrene, polystyrene resin,
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resin, yl-methacrylate resin, vinyl acetate resin, polycarbonate

resin, ?15 not causecf eI‘hus, the surface variation amount of the reinforcement material 12

can be reduced to 20 um or less, and the thickness of the IC card | can be easily set
within the range according to ISO definitions.

If the Vickers hardness of the material used for the reinforcement material 12
is 300 or more, the thickness 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
reinforcement material 12 is 30 um 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 pm or less. 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 um or more and 100 um or less,



" These kinds of resin do not generate a gas such as a hydrogen chloride gas
whi ch provides | arge influences on furnaces and environnents, during
.incineration of disposition after use. Therefore, by using resin as
descri bed above, processing after disposition can be facilitated, and
probl em of environnental pollution is not caused 16 in processing for

di sposition. In addition, in place ofsnon-crystal resin of these kinds, it
is possible to use a doubl e-side non-crystal sheet created from

non- cryst al j LY, - I 8Si| ' - her,
o ory S S g8 Ul eV, Shiel Isrhespried. G FeRHRLR [PRICCauel W00
added with, various additives or, a substance such as.po or.the like
Wi t hi ACROFdARGE BithERmFActioafhasdemingoobdlr Sealing mafer rLf/,gferﬁl@r XBKPTS t hi n
15 %or |less. Areversible heat-sensitive recording sheet 14 is adhered to
one ofharleessiofithe asatenél used fbhdlammﬁn"cmnenmateriahégtis 366 candoh Bhe way of
an adhesive layer 13 . This reversible heat-sensitive recording sheet 14

i s congfrfa¢etvasialiyn anfh@it oftHeaeifBrdenhéit ntatefigl BY ¢4ibd RMaked fo 2O YR 6f DI €
heat - sensitive recording |layer, and a transparent protect |ayer. As the
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i ke. .coloring layer is prepared, for exanple, by formng a netal film
of al¢FHMUMMSr the |ike on the high-molecule filmby a vacuum deposition
met hod or the |like. The heat-sensitive recording |layer can be sel ected and

used from durther, sheets made of thermoplastic resin having a low-crystallization
characteristic of a crystallization rate of 5 % or less are used as thermoplastic resin
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 1s possible to use 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
copolymer of acrylnitrile-butadiene-styrene, polystyrene resin, polyacrylnitrile 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 hydrogen 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



" hi gh-nol ecul e/ | ownol ecul e type in which nebular and transparent states
change reversibly in accordance with the change of the crystal state of
-the organic |ownolecule material dispersed in the nother materi al
(matrix) of the resin, and a 17 |euco conpound type as a therno-coloring
conpound which utilizes reversible coloring reaction between an el ectron
donor type coloring conpound and an g ectron acceptor type conpound which
are dispersed in the nother material of the resin. The heat-sensitive

recor o have a filmthickness of about 4 to 20 m by a
coatlﬁgqﬁe{: t({éj Eoﬁ At first, the organic | ow nol ecule material to

be dlspers the het sensitive, recording | row.ll atty acid or a
derivative Bfacﬁé'f?%» B %Feo‘i’ ‘é‘PIi'EQ@It?lJe%‘F‘g%\flrf?‘Eseai S, ltlt%Pogéh Olise; he
material will be saturated or non-saturated nono- or di-carboxylic acid,
nyr i stdanbleside pemcrystalcsheet axsated fraiminpnecrustabiresirepnd-ctiestaheesaiciby, a st eari c

acid, nano-decane acid, arachic acid, behenic acid, |ignoceric acid,

cer ot i -airesioNPRsthod. atirther ”@W-@?}'fﬁal@&hﬁongj’olyﬁé@ﬁbrh’egﬁ oﬁt@@@'k@ﬁd@&rt he
non-saturated fatty acid will be olein acid, elaidic acid, linoleic acid,
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or copolymer selected from acryl-based resin, urethane-based resin,

pol yedess: - based resin, cellul ous-acetate-based resin,
nitro-cell ul ous-based resin, vinyl-chloride-based resin, and

Yoy acet sk enah Raeiansioorfchin goccrl iR URL s

plastig ﬁl@rthgﬁn{)&%mc réin 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 metal film of
aluminum or the like on the high-molecule film by a vacuum deposition method or the
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 with the change of the crystal state of the organic

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



" hi gh-boiling-point solvent, and the |ike can be added to the nother

material of resin, at 0.1 to 20 weight% Further, to inprove the

.resi stance against repetitive 18 printing/erasure of the reversible

heat - sensitive recording part, a hardener, crosslinking agent, and the

| i ke which achi eves three-di mensi onal bridging corresponding to the nother
material of resin can be added to thg nother material of resin, at 0.5 to
10 weight% Next, the heat-sensitive recording |layer of the |euco conpound
type i o r action
of a I1 lﬁ%’o cI(:)o gt{} gd%% %p% g‘glf’ gfélg {: QUﬁ&WII%h ﬁh%élja?éewglglg ?)&(;r sed in
t he not her, mater.ia mat ri x) resin, and, can be provide h a film
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The | euco conpound, which is used in the heat-sensitive recording |ayer
and i sacoeptontype compourekwhch dre gispecseidandble maithdr etegahof thd sesmeprlesent ed
by those used for a pressure-sensitive recordi ng paper, heat-sensitive
recor 4ieaf sBififve rec'ohﬁh%‘l%}% ForvSed RERIV Nl RRknes8¥dit Yeto 20 pm

heat - sensitive recordi ng ‘paper, heat-sensitive transfer paper, and t he

i ke. anth ne- based |r yran- based, |actone-based, fluorane-based, or
salto )H%g% "E%ﬁfﬁﬂ%%P%ﬁ?éﬂ“ﬁas a parti al skeleton of | act one, salton,

Spyr o- pyran r the like js used. However, S not ed part|cularly
peci A fiist, dh opganie [ow-molecyle maéemalew&e lsmrsqdunt ei\eatsser@qu) i s (
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acid, myristic acid, penta-decane acid, palmitic acid, hepta-decane acid, stearic acid,
nano-decane acid, arachic acid, behenic 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 copolymer selected
from acryl-based resin, urethane-based resin, polyester-based resin,
cellulous-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



"3 - 'dinethyl amno -6 -chro lo -7-nethylful orine , 19 3,3 -hi
s(9-ethylcarbazol e-3 -i1-5)-di net hyl am nopht hal i do,

.3-di et hyl am no- 7- di benzyl am nof ul ori ne, 3-diethyl am no -7-chrol oful ori ne,
3-di et hyl am no-6-net hyl . - 7-ani | i nof ul ori ne,

3- pi peridino-6-inethyl-7-anilinofulorine, 3-(n-ethyl-n-nitril)ain
ino-6-in ethyl-7- anylinofulorine, &dibuthylamno-6-in

et hyl -7-ani |l i noful ori ne, 3-(n-ethyl-n-
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That is, this conpound has both of an acidic group consisting of a phenol
hydr oxmbthgr eugtenial af resibaapl beyaddgad tntheambtisirangteoiap of cesinj at Difgtool0 an

am no group, and becones acidic or basic to color or decolor the |euco
conpoquighm_e basic group may exist as a functional group or as a part of a
conmpound.” I n addition, the col oring/decol oring agent having either an
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3- am no- 4- et hoxybenzoi ¢ acid, 2-am no-5-chl orobenzoic acid,

4- am rand3a boloringédeol arigg agent Aviaoh mce dispetsedhinnheinwothecimditerial (matrix)

4- am no- 3-nitrobenzoic acid, 3-am no-4-nitrilbenzoic acid, am nosalicylate,
of resin, and can be provided with a film thickness of 4 to 20 pm by a printing method,
coating method, or the like. The leuco compound, which is used in the heat-sensitive
recording layer and is normally colorless or light-colored, will be generally represented
by those used for a pressure-sensitive recording paper, heat-sensitive recording paper,
light-sensitive recording paper, conductive heat-sensitive recording paper,
heat-sensitive transfer paper, and the like. Xanthene-based, spiro-pyran-based,
lactone-based, fluorane-based, or salton-based compound which has a partial skeleton
of lactone, salton, spyro-pyran, or the like is used. However, it is not limited
particularly.

Specific examples thereof will be
3,3-bis(p-dimethylaminophenyl)-6-dimethylaminophthalido,
3,3-bis(p-dimethylaminophenyl)phthalido,
3,3-bis(1,2-dimethylindole-3-il)-6-dimethylaminophthalido,

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



* 20 .'di am nobenzoi ¢ acid, 2-nethyl-5-am nonapht hoi c aci d,

3-et hyl -4-am nonaphthoic acid, nicotinic acid, isonicotinic acid,
~2-met hyl nicotinic acid, 6-chloronicotinic acid, or the |I|ike. The conpound
whi ch includes a basic group as a part of a chloric compound wll be a
salt or a conplex salt of a conpound including a phenolic hydroxyl group or
a carboxyl group, and a conpound incjgdi ng an am no group. An exanple

thereof will be a salt or a conplex salt of an acid selected from
hvd b . s, icyki C i aci ds.. ibi |
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phenyl al kyl am_nes, triallylal kyl am nes, and the Iike. peci fi.c exanpl es

t her eo?'d‘)\!inleﬁl}ﬂéménﬁ'-wg]?@k éﬂ‘éB‘i’g}IQE‘if‘&a al lﬁﬁyrx%mé%?'tzs":ﬁb@]ﬁ%‘%%enzoi c
aci d- phenyl al kyl am ne salt, m hydroxybenzoic acid-al kyl am ne salt,

p- hy dr dxiydthylaniinosGetieyhylel-ayilmvitulerina) 3-piperididodeptpthyle7-andirednidrine,

-al kyl am ne salt, bisphenol acetate-alkylam ne, bisphenol octyl
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Note that the |leuco conmpound and the colori'ng/decoloring agent are not
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pol yurea, nelam ne, polycarbonate, polyam do, polyvinylpyrolidone,
pol yvi exyindteddyrol , pol yvinyl chloride, polyvinyl buthylal, and the Iike.
Further, in order to inprove the resistance against repetitive
printing/ ergRuh®hfik, #e coloring/decoloring agent is a compound which releases
reversibly proton by action of thermal energy and makes both of coloring effect and
decoloring effect on the leuco compound. That s, 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
leuco 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 basic group
will be, for example, aminobenzoic acid, 0-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-amino-4-ethoxybenzoic acid,

2-amino-5-chlorobenzoic acid, 4-amino-3-bromobenzoic acid, 2-amino-2-nitrobenzoic

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



"the'reversi ble heat-sensitive recording part, a hardener or bridgi ng agent,
which forns a three-dinensional bridge corresponding to the nother
.material of resin, can be added to the nother material of resin, 0.5 to 10
wei ght% Further, to inprove the resistance, it is possible to add an

ul travi ol et absorbent which has a relatively high conpatibility wth the

| euco conmpound. In the IC card 1 accgyding to the present invention as
descri bed above, the surface variation anount (height difference between

convexgs, and Soncaves) oL NS . SLRASHAGRGEY, SRRk it kG drodul e 2

convéxes "and concaves appearing on
the card surface can disappeat. result o this, .thi.s.1C.card, 1 has a
good arpp@ramra@gi,amlwtwp@é@@xl@éﬁw@ﬂwm%ﬁiﬁa?@@f@?‘f’g‘iﬂi“é@c‘ "%fﬂB‘E.t blurs
or print errors, in printing on the visible recording |ayer. Further, as a

met hodjjlgf. manufacturing this ICcard 1, it is possible to use a nelt
| am nation nmethod by heat press. In the nelt |am nation nethod, respective

materials -ple LOGoEaAKA viHiSh FRIGIEChHBESIDRFYESEs Hipaiosf Alhloric whinpbuade one
si ze | arger tehan Phe materials, and they are integrated by heat nelting

press. | mrror plates usedq.at [fhi t] L Lected to
chronewgrﬁ??ﬁ@l,t °§?§PHTF§S’§ s%?gfggo gilgdslu([fmg@{gga @?ﬁﬁ) Sﬂﬁgﬂ,ﬁgphgfnum

pl at es whose surfaces are polished, .or the. like. In the lt., | ami nation
met hoda carbangkgrovn; anst @@@épow@@pgldan&am APURRETQYR- YY} ?f‘%ﬁ?‘ﬁé@?&"g‘w M he
printed thernoplastic resin sheets 3a and 3b. At this tinme, the tyqﬁ)es of
the prig estsaltsbeei scomplekesalt fdfearnacifr seteetadhfronhdrydroxybengzope iasidsig on
the thernoplastic resin sheets 3a and 3b, texts or figures can be printed

A A S54E RAAE A et s o ki ke
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-alkylamine salt,
p-hydroxybenzoic methyl-alkylamine salt, p-hydroxybenzoic stearyl -alkylamine salt,
bisphenol acetate-alkylamine, bisphenol octyl acetate-alkylamine salt, and the like,
which are used singly or mixedly. Note that the leuco compound and the
coloring/decoloring agent are not limited to those described above, and one 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,
polyurethane-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




met.hod, screen printing nethod, gravure printing nethod, and the I|ike.
After the nelt |lam nation, each nmaterial of the integrated card is peeled
.from the mnor plates, and punching is performed into the card shape with
a single blade or a nmale-fermale nold. Normally, after punching the card
shape, relief letters are enbossed by an enbosser, and tipping is
performed on the letters by thermally] transferable foil to achieve
coloring, or magnetic information is encoded on magnetic stripes. |In cases,

a port ait [ H I F

finisth Y?%Fl% %O@ea?%gpgggg%@?gln‘gﬁ VI r?g %ﬂér?ggiﬁgltd §%§Sgpﬁ]&% Bff?ffg?l ons

andthellke of the jnted | ayer he tters or ur

possi b3 @ireerdimensianal %mgpeerrasm "é%%o thTQ%‘Pt E%ma%ﬂa[l ﬂglfe%m a?]apg gﬂ?@l ng and

processing for a concave shape for providing the contact |IC chip, an

adhesi poahe atother maetial of rsire d. 3 trel 0 Geiglitho. i unthersto igaprane thpeosisfanceand

thus, a conbination card or a hybrid card which includes both the

Fon- Loy bssitfte 30 9dd AR ulﬁ@ﬂ'bi’é%Tabb&tkﬁﬂw*hﬁ:lﬂlﬁz&@f&&hvéﬂhh@lﬁcmpdﬁbﬂﬁycor di ng
t he pr sent invention is not limted to the above enbodi rent but can be

var| ousl g i fied W|tho t deviating fromthe scope of the present

i nvent VYR MeSUQEMPRNG he enbodi nent descri bed above has been expl ai ned

with reference to a case where the reversi.bl e heat-sensitiye recq di ng

sheet 14 i simathselegard d agcerding tadhe JUEsent 1BYeTHIQ, % e%‘ffﬂ?%i/?h%v%' hg of the

| C-chi p-nounting surface. 23 However, as shown in FIG_ 5, the reversible

heat - sqifide varidtpoardomg (Gleezht differemge hetweeth corikxes andeonsavesidbei ¢

resin sheet 3b in the side opposite to the side where the

reinforcement material 12 of the IC module 2 is defined to be 20 pm or less, so that

convexes and concaves appearing on the card surface can disappear. Asa 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 manufacturing this IC card 1, itis possible to use a melt
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 used 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



1Cchip 9 is nounted. In addition, as shown in FIG 6, it is effective to
provide a protect |layer 15 on the printed surface on the surface of the
.thernopl astic resin sheet 3b, on the thernoplastic resin sheet 3b in the
side opposite to the thernoplastic resin sheet 3a to which the reversible
heat - sensitive recordi ng sheet 14 is adhered. By providing the protect

| ayer 15, peeling of the reversible Jpeat-sensitive recording sheet 14 is
prevented and the adhesi on can be maintai ned. Further, as shown in FIGS. 7

to 9, the.reinforcenent terjal . ' Afs¥t AFintiA

| C- chi PIRHREPR Rﬁp?ﬁrapac%%g]fc%thg’ %m‘q?ullngﬁ§ Iﬁ%tpxggglgcli{]%t?ﬁe s?{jie o%posi te
to the 1Cchip nmounting surface. By pr.ovidi n%hb e r(gh%flﬂ%cerrent mat eri al
12 not method, seregn PrintingHng BEaVige SnfIRgn APt %e surface where
the 1Cchip is not nounted, the static |oad strength can, be increased
nore. | n thagee dsemeltdansnatvon, icack ngBerial aﬁdleamqgﬁ@ted@ﬁf%%p%ﬁleg Ao c
nodul e 2 where the IC chip is not nounted may be sealed with {ets)li r(]l and
the rejnf LALhiAg i h&to theardlehapwithea siaglenblade

Al ter ng‘l%l ‘vE‘?@{Tﬁg{seS%%h?%h‘égéwgfﬁgﬁ% the reinfor cpevgr‘gnt m‘:u:g erial 12 may
be provided. ngte that, FIG 8 shows an exanple of the ICcard | in which
the rePhfsnale lewoldial 12 is provided on the surface of the IC nodule 2

where the I1C chip is not nounted, an urther, .th rotect, | r is
provi ded onNtoumaHyheftmbpua@lmng thésqaﬁg B¢ %ﬁélefhc‘?ﬂg %F&é“‘&%%%@i ‘?3%53‘{‘0 the
thernopl astic resin sheet 3a to which the reversibl e heat-sensitive
recordhﬁﬁ)ogé”@?hnd‘ﬁﬁpﬁlgﬁfmpﬂﬁdmné’cﬂonlthetlht%eﬂscb}cdmlﬂauyﬁwf?w coilie  the
|C nodule 2 is constructed in a structure in which only the ICchip

mount i g . ' . iRfritdtivhideAcdddboiatignetic atrgpeass sin asesy
substrﬁgléll,%étcgﬁ)als ?rsu slte?gtle, or the like, and the part of the antenna
coil 5is

a portrait photograph or barcodes are transferred. Thus, the card is finished. For the
purpose of improving 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.




"jointed optionally and electrically by a connection |ead 16. <Exanpl es>
Next explanation wll be made of experinental exanples which have been
.carried out to check the advantages of the present invention. Although the
following experinental exanples will be explained with reference to
specific numerical values, the present invention is not limted only to
those values. <Sanple 1> At first, @81 C nodule was prepared. At first,

al umi num foil having a thickness of 20 nin is adhered to a pol yet hyl ene

ter ephﬂgng,lg%[g ab ShaW R ?tYFfG;.g 52, nt!'ng irgv%ﬁg)?]e g%atgﬁgngilﬁ% r%%n%ﬁe%ﬂ@?ﬂ SB?‘ tern

was for y a resis um num an tern or ned

by etchj,n rocessi ng. . Thus, .an antenna nodul e was prepared. ,An I C chip (4
. TS e e oplas i A St nDUR A e PR ORBaLY BherFick Yhteithe chi b
adhesi ve organic conductive film having a thickness of 30 [Lminserted

t her ebléi whign9 iOmaunted.Cle liddjticm asphwoywrbus EHG. 6cHlis wffestivetd girosids urt her
A5052 (having a dianmeter of 7 mmand thickness of 100 [im as an IC chip

rei nf ofreestr Myeratadt tile phiited Butsled tlenshrfedsihd tidrmoplastlcGekih shifegpar e an
| C nodul e. ThHen, formation of the reinforcenent material after sealing was

P 58 g g SRR SRR R MO e .
as Tol hove Terepr ke Beid ocopol et (PEL (ol PLohiang et hanol
providing the protect layer 15, peeling of the reversible heat-sensitive recording sheet
14 is prevented and the adhesion can be maintained.
Further, as shown in FIGS. 7 to 9, the reinforcement material 12 may be
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 more. 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 may 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 IC card 1 in
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.




"as .a white color filler were mxed at a weight ratio of 10 % and were
sheeted to have a thickness of 350 [imby a nelt-extrusion nethod, to
.obtain a thernoplastic resin sheet made of white PET-G Figures and

|l etters were printed on one surface of this thernoplastic resin sheet by
the screen printing nethod and the offset printing nmethod. A set of the
printed thernoplastic resin sheets J4or the front and back sides were
prepared and arranged to sandw ch the | C nodul e prepared beforehand, with

their print f | er i .

el ded and TRl PRREEEIVAR Bl f4ie FCRund o2 S PRI g st = @
ientativ I fil heet . ( OPP) _havi t hj ck f 60 [I

or ovi deavhigh Siyibe HE G TR REPaF OEshe WUt GrE A SBRISR T A5 at o6

having a thickness of 3 mmwere further arranged to sandw ch them from

out si dpoxyhsapstraeca plastsssdstrateg oc ohe dike, and thépartafithe aptenad ambns
conditions of a tenperature of 170 'C and a pressure of 15 kg/cm by

heat - g@h&wapﬂbﬁai ard' EleMRi Gl By Bebnk@ldidleadd 6. sol i dified. The OPP was
peel ed to obtain card-form ng ‘nenber which contains an |C nodule inlet.

A reversi bl eat-sensitive recordi ng sheet was prepared as follows. At
first ,é%mﬁlﬁ?ﬂ | ayer was formed with a thickness of about 50 A0, as a

coloring layer, on a .polyethylene terephthalate film hayij a thickness of
50 [tm by adVedcaxphanatios, ik beomade sl rfa@erwxmtat c%@ﬁﬁfgﬁi‘s@cﬁglwfedg?@ | ayer
coating material made of organic nolecules dispersed in resin was coated
t her eararméd buttoodrck e htvakagsssoftthe poesemt atveationy Althoyghrthe foBowing 20" C
with use of a gravure nethod. Further, a protection |ayer was
experimental examples will be explained with reference to specific numerical values,
the present invention is not limited only to those values.
<Sample 1>
At first, an IC module was prepared.
At first, aluminum foil having a thickness of 20 nm is adhered to a polyethylene
terephthalate film having a thickness of 50 um. Next, an antenna pattern was formed
by a resist agent, and an aluminum antenna pattern was formed by etching processing.
Thus, an antenna module was prepared. An IC chip (4 mm x 4mm x 180 pm) was
mounted on the antenna module with a flip-chip adhesive organic conductive film
having a thickness of 30 pm inserted therebetween. On the IC chip, an epoxy-based
sealing material and further A5052 (having a diameter of 7 mm and thickness of 100
um) 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



"coated thereon with a coating thickness of 3 [imby a gravure printing

met hod. Next, an adhesive coating material was coated with a thickness of
-3 ~Lmon the back surface of this sheet, at a dry tenperature of 10Ol , by
the gravure nethod. A reversible heat-sensitive recording sheet was thus
obt ai ned. Conpositions of the heat-sensitive recording coating nmaterial,
protection |layer coating material, 72gnd adhesive coating material used were
as follows. [Heat-sensitive recording coating naterial] stearic acid: 8

157 L LS R o AT
car boMdf AR AU el ght part ol uene: 100 wei ght part 27 methyl et hyl
ket one: 100 wei ght part [Adhesive coating material] pol yester-based resin:
40 wei ght parthermoplastie redin sheieywasparepared fagl fodlowd. Kidrephthabio aedght part
Further, the card-form ng nenber including the |IC nodule, and the
rever gopbBmer (PET-G) of cyclohexane dimethanol and ethylene glycol, titanium oxide

as a white color filler were mixed at a weight ratio of 10 %, and were sheeted to have

a thickness of 350 pm 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 pm was

provided outside the temporarily fixed sheet, and stainless mirror plates having a

thickness of 3 mm were 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

solidified. 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,



" heat'-sensitive recording sheet were tenporarily fixed again by the
ultrasonic welding machine, with the heat-sensitive recording |ayer
-situated outsides. Orientative polypropylene filmsheet was provided
outside the tenporarily fixed sheet, and further, stainless mrror plates
having a thickness of 3 mMm were used to sandwi ch them from outside. They
were pressed and thermally nmelted urmgger conditions of a tenperature of
120" C and a pressure of 15 kg/cm, and were cool ed and solidified.

Ther ea}{)nt %l U\Qﬁé‘ 'f&%&?%w Brt Fc?(n%%k‘ Rf '%8u@556}& d%ss g%?%rlhé &% T n?nle\r/eas

descri non- co car aving a
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shown in Table | were used as materials of the reinforcenent nmaterial or
t he t heethodl asheat-seasitivesbemdingdSyentaating inateriaBmatle of ongdmc indlécdas ds wer e
prepared in the sane manner as the sanple | except that the nmaterials

shown digpek8&d &n lreMiRMPad!868tc@ThBROA WithSa @Bat‘iﬁ?tﬂ@h‘i@s@r&ﬁmﬂfm%ﬁ a QRyerial
or the thernopl asti c resin sheet and that a sealing material and a
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to 28> Non-contact . J]C cards were prepared in the sanmg manner as the sanple

excé’&ate‘*%ﬁfe‘%‘h‘@“ t“é’taP&%h’é?[?B ILn3a FELPY:a BrHane piskmganehode NexXts of the
re| nforcement nmaterial or the thernoplastic resin sheet, that a sealing
mat er ianl adwedive coeting oratenaliwas 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]

acryl-based resin: 50 weight part

calcium carbonate filler: 2 weight part

toluene: 100 weight part



mat.erial were further provided on the back surface side of the |IC nodule
which is opposite to the ICGnounting surface, and a reversible

.heat -sensitive recording |aver was provided on the side of the surface
where no I C was nounted. <Sanples 29 to 34> The thickness of the

t hermopl astic resin sheets made of white PET-G sheets was set to 330 [Lm
In addition, the |IC nodul e was sandwxhed between the back PET-G sheet
where figures were printed like the sanple | and the front PET-G sheet

W t hout fi gﬂ%@%%@&g‘(gﬁ\%&at ?WWe?%ﬂt' ax{i xed t herebetween. Card-formng

menbers in | es” wer repared in the same nmanner as the

sanpl ﬁd\l except that a trgnsparent PET-G sheet having a thickness of 50
[Lm a Cl’h?&%@%aflﬁgﬁéatﬁﬁ?‘ﬁe filler was provided on the figured surface of
the tenporarily fixed card-form ng nenber. Non-contact |C cards each
having a rpolyestérbbaset dasinsdbsvdighteparecor di ng | ayer were thus prepared.
<Sanmples 35 to 38> 29 Non-contact |IC cards were prepared in the sane
manner as tfRichd P elglppePt that the materials shown in Table | were used
as materials of the reinforcenent material or the thernoplastic resin

the sur f acaayt SR RHERGL SR 1 Y espect to the | cards of the
it | ayert Wtisesieard farmBaBRBDSY MERSHNE e KOMQBSdhAGOBIPRE bend! g
test, and possibility of generating a gas containing . At first, with
r espedieat-gensitvprdcordiagaheett wetetemporarilydatedsamas by vhe phtiaspsic welding
machine, with the heat-sensitive recording layer situated outsides. Orientative
polypropylene film sheet was provided 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.
<Samples 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



" manuf actured by Matsushita Electric Industrial Co., Ltd. was used, and
printing was carried out where application energy of the thermal head was
.0. 5 ml/dot. The printed surface of the card was observed with eyes. Wen
a print omssion is caused at the part where the I Cnounting part was
reinforced by the reinforcenent material, the print characteristic was
eval uated as x. O herwi se, when thermg was no print om ssion, the print
characteristic was evaluated as 0. Wth respect to the print |ayer

st el O 00 R SHRME Yl SHRSESFHETACA KA RSBl o 2

recordi ng, | ayer was observed with eyes. \Wen a defect _ or peelin pears
on therem%emee}entt Haateriahwarg drthe peayigad ey the, BRckHaa88 S of HBF vk e, when
there was no defect or peeling, the print |ayer adhesi on was eval uated as
0. W trhodwspduth mastdppositatto thd Baanesuntanpgidrfate. t he |1 C rei nforcenment part,

| oad which involves |IC breakdown on the I C chip nounting part was

eval uakggnpldi®4 agkposition 30 was at the center of the I C chip nounting
part, and Phe top end shape of the probe was set to be a sphere having a

br cakdoun, PR RnCARE WiEEprBARETin AR sBRkad i ds el LR ehBh ccame

i npossj ble. The bendjng test s carried out accarding to the method
descr ith@lgthenmatgralscshown. 1 & ag@éﬂa‘b’?@n“%ﬁde%&&“%@f‘@'rseogﬂw EiICemENbendi ng
test were made with use of a reader/witer (comunication device)
manuf anateriebobtheShdimplastie réin kst that e schlack ahterialiankd a edpfortement he
possibility of generating a gas containing C, the possibility
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 back
PET-G sheet where figures were printed like the sample 1 and the front PET-G sheet
without figures, and was temporarily fixed therebetween.
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>



of (O -contai ni ng-gas generation was evaluated to be present if there is a
possibility of generating a gas containing CI when a card is subjected to
.incineration deposition as abandonnent processing. O herwise, if there is
no possibility of generating a Cl gas, the possibility of

Cl -cont ai ni ng-gas generation was eval uated to be absent. Evaluation results
of the IC cards of the sanples | to 2 together with their physical val ues

will be shown in Tables |I and 2. 31 Table | Reinforcenent
mat eri al Di f € i rinti i nf r : _ " )
et fonl SyBERAFY HCRAERN Bl RETER R SHRRhallRb B shbpRePERbapachar a

Sampl b EBOTBEBEE GSPEL ARt | lBnerory ISEH 3 JDUEEIA CASHR ZEIBRPSSMIERS esent
2rmount i ng surface Sanpl eA50528030381 CxPresent 3nounting surface
material or the thermoplastic resin sheet and that the reversﬂ)le heat-sensitive
recording layer was set in the surface where no IC was mounted.

With respect to the IC cards of the above samples 1 to 38, evaluations 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
carried out where application energy of the thermal head was 0.5 mJ/dot. The printed
surface of the 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 ©.

With respect to the print layer adhesion, printing and erasure were repeated 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

involves IC breakdown on the IC chip mounting part was evaluated. The load position



+ Sanpl eC5210R230100151 CPresent 4nounti ng surface

Sanpl eC5210R23050191 COPresent 5nounti ng surface

. Sanpl eC5210R23030231 CxPresent 6nmounti ng surface

Sanpl eSUS304- H37010081 COPresent 7mounting surface 32

Sanpl eSUS304- H37050101 CPresent - 8nmounti ng surface

Sanpl eSUS304- H37030131 CPresent - 9noupf i ng surface

Sanpl eSK- 255010051 CPresent - 10nmounti ng surface Sanpl eSK- 25505071 C=Pr esent -

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/min. As for the IC breakdown, a breakdown was decided at the time when
communication became impossible.

The bending test was carried out according 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 ICs
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
generating a gas containing Cl when a card is subjected to incineration deposition as
abandonment processing. Otherwise, if there is no possibility of generating a Cl 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.



" 11mounting surface Sanpl eSK-2550308I1 CPresent -
Sanpl eS 0260010031 CPresent - 13nounting surface
. Sanpl eA120, 110010011 CPresent - 14nounting surface

Sanpl eSUS304- H37050151 CcPresent - 15nmounti ng surface

Sanpl eSUS304- H37050161 CoPresent - 16nmounti ng surface

Sanpl eSUS304- H37050151 COPresent - 17mpunti ng surface 33 Sanpl eNone---1Cx--
18nounti ng

12nounting 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) scaling mounting | mounting
(pm) surface surface
Sample A5052 80 100 26 IC X Present -
1 mounting
surface
Sample AS5052 80 50 30 IC x Present -
2 mounting
surface
Sample AS5052 80 30 38 IC x Present -
3 mounting
surtace
Sample C5210R 230 100 15 IC o Present -
4 . mounting
surtace
Sample C5210R 230 50 18 IC 0 Present -
5 mounting
surface
Sample C5210R 230 30 23 ic x Present -
6 mounting
surtace
Sample | SUS304-H 370 100 8 1C o Present -
7 mounting
surface




" sur.face Sanpl eNone---1Cx-- 19nmounting surface
Sanpl eSUS304- H3705091 CPresent - 20mounting surface To be continued Card
.basel C rei nf orcenent GoodPr ot ect | averBack printedPossibility of
materi al part static |oadproducts inlayergenerating a strength (kgt)bendi ng
testgas containing C Sanpl ePET- G5. 816/ 20-PartiallyNo 1lpeel ed
Sanpl ePET- G5. 615/ 20- Parti al | yNo 2peeied Sanpl ePET- G5. 514/ 20-Parti all yNo

3peel ed Sanpl ePET- GB8. 520/ 20-Parti al |l yNo 4peel ed
Sampl gPET=G—7207/ 29 Pa'r‘t"r'i'r‘l‘g'kb—ﬁpeei ed bang)i ERET-Gr 187 Z0-Pamntiar| yNo
Sample | SUS304-H 370 0 10 I > Present
8 mounting
surface
Sample | SUS304-H 370 30 13 IC 0 Present -
9 mounting
surface
Sample SK-2 550 100 5 IC u) Present -
10 mounting
surtace
Sample SK-2 550 50 7 IC Present -
11 mounting
surface
Sample SK-2 550 30 8 IC bl Present -
12 mounting
surtace
Sample SiO, 600 100 3 IC ) Present -
13 mounting
surface
Sample ALO, 1100 100 1 IC < Present -
14 mounting
surface
Sample | SUS304-H 370 50 15 ic C Present -
15 mounting
surface
Sample | SUS304-H 370 50 16 IC o] Present -
16 mounting
surface
Sample | SUS304-H 370 50 15 IC O Present -
17 mounting
surface




6peel ed Sanpl ePET- G11. 220/ 20- Parti al |l yNo 7peel ed

Sanpl ePET- G8. 420/ 20-Parti al | yNo 9peel ed 34 Sanpl ePET- G7. 620/ 20- Parti al | yNo
-9peel ed Sanpl ePET- GL2. 920/ 20- Parti al | yNo 10peel ed

Sanpl ePET- GL1. 220/ 20-Parti al |l yNo 1llpeel ed Sanpl ePET- G8. 720/ 20- Parti al | yNo
12peel ed Sanpl ePET-U14. 313/ 20-Partiall yNo 13peel ed

Sanpl ePET- G15. 314/ 20- Parti al | yNo 14pggl ed Sanpl ePET- G

700/ 48. 620/ 20- Partlallyhb 15/ PC. 30%@ee|ed Sanpl eABS8. 220/ 20- Parti al | yNo

16peel eSu SayptePET7G 209§ 8 34U/ PO~ Part at |8/|\|0
ample None - x - -
18 mounting
surface
Sample None - - - IC x - -
19 mounting
surface
Sample | SUS304-H 370 50 9 IC o Present -
20 mounting
surtace
To be continued
Card base IC reinforcement Good Protect layer | Back printed | Possibility of
material part static load products in layer generating a
strength (kef) bending test gas containing
Cl
Sample PET-G 58 16/20 - Partially No
1 peeled
Sample PET-G 5.6 15/20 - Partially No
2 peeled
Sample PET-G 55 14720 - Partially No
3 peeled
Sample PET-G 85 20/20 - Partially No
4 peeled
Sample PET-G 7.7 20/20 - Partially No
5 peeled
Sample PET-G 7 18/20 - 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




17/ PET. 60%%0 / PET-peel ed G 201Y.) Sanpl ePET-Gb. 412/ 20-PartiallyNo 18peel ed
Sanpl ePVC5. 513/ 20- Parti al | yPresent 19peel ed

. Sanpl ePVC8. 320/ 20- Parti al | yPresent 20peel ed 35 Tabl e 2 Rei nforcenent

mat eri al Di ff erenceVi si bl ePrinti ngRei nforcenent material ofrecordi ngcharac-
el evationl ayerteristic TypeHardnessThi cknessafter| Cl C non-

(Hv) (pm seal i ngnmounti ngnounting (m Yy f acesurface

Sanpl eC5210R23050151 CPresent Present 21nounting surface

Sanpl §SUS30A- H3 7050 141CPIesSent PrESent__2Z2nmounting gurface
Sanpl 8 SREPS5050F61CPr dsent B es enlt 20720 - Partially No
9 peeled
Sample PET-G 12.9 20720 - Partially No
10 peeled
Sample PET-G 11.2 20120 - Partially No
11 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 14/20 - Partially No
14 peeled
Sample PET-G: 70% 8.6 20720 - Partially No
15 /PC: 30% peeled
Sample ABS 8.2 20720 - Partially No
16 peeled
Sample PET-G: 20% 83 20/20 - Partially No
17 /PET: 60% /PET- peeled
G: 20%
Sample PET-G 54 12720 - Partially No
18 peeled
Sample PVC 5.5 13/20 - Partially Present
19 peeled
Sample PVC 83 20720 - Partially Present
20 peeled




23mount i ng surface Sanpl eC5210R2303034I1 C non- Present Present 24nounti ng
surface Sanpl eC5210R23050151 C non- Present Present 25nounting surface
. Sanpl eSUS304- H3703081 C non- oPresent Present 26nounti ng surface

Sanpl eSUS304- H37050151 C non- OPresent Present 27mounti ng surface 36
Sanpl eSK- 255050101 C non- aPresent Present 28nounti ng surface

Sanpl eC5210R23050171 C_Present - 29now# i ng surface

Sanpl eSUS304- 1137050141 CoPr esent - 30nount i ng

Table 2
Reinforcement material Difterence Visible Printing Reinforcement material
of recording charac-
elevation layer teristic
Type Hardness | Thickness after IC IC non-
(Hv) (pm) sealing mounting | mounting
() surface surtace
Sample C5210R 230 50 15 IC N Present Present
21 mounting
surtace
Sample | SUS304-H 370 50 14 IC o Present Present
22 mounting
surface
Sample SK-2 550 50 10 IC o Present Present
23 mounting
surface
Sample C5210R 230 30 34 1C non- x Present Present
24 mounting
surtace
Sample C5210R 230 50 15 1C non- = Present Present
25 mounting
surface
Sample | SUS304-H 370 30 8 IC non- 0 Present Present
26 mounting
surface
Sample | SUS304-H 370 50 15 IC non- o Present Present
27 mounting
surface




" surface Sanpl eSK- 25505091 CoPresent 3lnounting surface
Sanpl eC5210R23050151 CCPr esent Present 32nounting surface

.Sanpl eSUS304- H37050151 CoPr esent Present 33nounti ng surface

Sanpl eSK- 255050101 Cl DPr esent Present 34nounting surface
Sanpl eC5210R23030231 C non- OPresent - 35nounting surface
Sanpl eC5210R23050181 C non- oPresent - $nounti ng surface

Sanpl eSUS304- H37030131 C non-oPresent- 37nounting surface 37

Sample SK-2 550 50 10 IC non- D Present Present
28 mounting
surface
Sample C5210R 230 50 17 IC 2 Present -
29 mounting
surface
Sample | SUS304-T11 370 50 14 IC O Present -
30 mounting
surface
Sample SK-2 550 50 9 IC < Present -
31 mounting
surface
Sample C5210R 230 50 15 IC o) Present Present
32 mounting
surface
Sample | SUS304-H 370 50 15 IC 0 Present Present
33 mounting
surtace
Sample SK-2 550 50 10 IC o] Present Present
34 mounting
surface
Sample C5210R 230 30 23 IC non- o Present -
35 mounting
surface
Sample C5210R 230 50 18 IC non- o Present -
36 mounting
surface
Sample | SUS304-H 370 30 13 IC non- o Present -
37 mounting
surface




* Sanpl e 38 SUS304-H 370 50 10 1 C non- nounting surface U Present To be
continued Card basel C rei nforcenent GoodProtect | ayerBack printedPossibility
.of material part static |oadproducts inlayergenerating a strength

(kgt) bendi ng testgas containing A Sanpl ePET-GL1. 520/ 20- Parti al | yNo
21peel ed Sanpl ePET- Gl2. 520/ 20- Parti al | yNo 22peel ed

Sanpl ePET- Gl4. 520/ 20- Parti al | yNo 23pgel ed Sanpl ePET- G7. 220/ 20- Parti al | yNo

Sample | SUS304-H 370 50 10 IC non- o Present -
38 mounting
surface

To be continued

Card base IC reinforcement Good Protect layer Back printed | Possibility of
material part static load products in layer generating a
strength (kgf) bending test gas
containing Cl
Sample PET-G 11.5 20/20 - Partially No
21 peeled
Sample PET-G 12.5 20/20 - Partially No
22 peeled
Sample |  PET-G 14.5 20720 - Partially No
23 peeled
Sample PET-G 7.2 20/20 - Partially No
24 peeled
Sample PET-G 11.6 2020 - Partially No
25 peeled
Sample PET-G 11.5 20/20 - Partially No
26 peeled
Sample PET-G 12.6 20/20 - Partially No
27 peeled
Sample PET-G 14.7 20/20 - Partially No
28 peeled
Sample PET-G 10.1 20/20 PET-G No change No
29
Sample PET-G 8.3 20/20 PET-G No change No
30




© 24péel ed Sanpl ePET- Gl1. 620/ 20-Parti al | yNo 25peel ed

Sanpl ePET- G11. 520/ 20- Parti al | yNo 26peel ed Sanpl ePET- G12. 620/ 20- Parti al | yNo
-27peel ed Sanpl ePET- Gl4. 720/ 20-Parti al | yNo 28peel ed

Sanpl ePET- G10. 120/ 20PET- GNo changeNo 29 Sanpl ePET- (8. 320/ 20PET- GNo changeNo
30 38 Sanpl ePET- (3. 220/ 20PET- GNo changeNo 31 Sanpl ePET- Gl1. 420/ 20PET- GNo
changeNo 32 Sanpl ePET- Gl2. 620/ 20PET-3gNo changeNo 33

Sanpl ePET- Ul4. 520/ 20PET- GNo changeNo 34 Sanpl ePET- Gr19/ 20- Parti al | yNo

Sample PET-G 9.2 20/20 PET-G No change No
31

Sample PET-G 11.4 20/20 PET-G No change No
32

Sample PET-G 12.6 20720 PET-G No change No
33

Sample PET-G 14.5 20120 PET-G No change No
34

Sample PET-G 7 19/20 - Partially No
35 peeled

Sample PET-G 7.6 20/20 - Partially No
36 peeled

Sample PET-G 8.5 2020 - Partially No
37 peeled

Sample PET-G 7.7 20/20 - Partially No
38 peeled

From the Table I, at first, in the IC card of the sample 18 in which no
reinforcement material was provided for the IC module, convexes and concaves of the
IC chip part were reflected after card-formation, so that the flatness of the card was
degraded. Therefore, the spacing between the heat-sensitive recording layer and the
thermal head was enlarged, thereby causing print omissions. Further, in the sample
18, the IC operation rate 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
reliability.

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



35peel ed Sanpl ePET- G7. 620/ 20-Partial | yNo 36peel ed

Sanpl ePET- G8. 520/ 20-Parti al |l yNo 37peel ed Sanpl ePET- G7. 720/ 20- Parti al | yNo
-38peeled Fromthe Table 1, at first, in the IC card of the sanple 18 in
which no reinforcenment material was provided for the I C nodul e, convexes
and concaves of the IC chip part were reflected after card-formation, so
that the flatness of the card was dggraded. Therefore, the spacing between
the heat-sensitive recording |layer and the thermal head was enl arged,

t here r

opera?%loﬁgra éﬁ‘{lé@h@ﬁ@%?ﬁé&?ﬁ%ﬂ{é&g{;%ﬁ“e'le\}fgyo;\o@ft;l%%? Cetlﬁiap%:@ehfh I'p or the
junction tbetween the |1 C chip antenna was broken, resul n very
bad AEIQEameER]. mpwn@gma,saﬁgf Wl%ﬂlaﬁeﬂ@a ERGaNCHAR ﬁowmsc)%aﬁ
provided with a 39 reinforcenent naterial and the difference of el evatlon

of t hechsppascwesshagtereflected; afterr eardsformetrentor defermationvwas st caiised m 20 m
the concaves and convexes of the IC chip part were not reflected after

car d- fREBRIdNed with &ﬁftﬁfcﬁ%ﬁﬂ&?d%ﬁg Bﬂhecswﬁﬁg maferi#lC @%éﬂ&@t@ﬂa@hm was
contraction/ hardening of the sealing material. Excellent flatness was

o0t g SO BAEARES AT P EHEEDRA B Vs
heat - < rt]asllrlteéi\(&?ltl{oelﬁocréglsag slpggnelrg b%?vgeér? tehe 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.
Specifically, in every of the samples | 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 was greater than 20 pum. The
concaves and convexes thereof were reflected after card-formation, so that the flatness
of the card surface was degraded. Therefore, the spacing was enlarged between the
heat-sensitive recording layer and the thermal head, so print omissions were caused,
thereby degrading the print characteristic. For example, FIG. 12 shows the surface
shape measurement results of the reinforcement material with respect to the IC module
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
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Further, the relationship between the hardness and thickness of the
reinforcement material will now be discussed. FIG. 13 shows the relationship between
the Vickers hardness and thickness of the reinforcement material for every thickness
of the reinforcement material.

From Table 1 and FIG. 13, at first, in the range that the Vickers hardness is less
than 300 or the thickness is less than 30 um, the reinforcement material had poor
elasticity and causes deformation of the shape in accordance with

hardening/contraction 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 um, 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



* softness, so that the reliability in IC operation in the bending test can
be inproved excellently. Further, the relationship between the hardness
.and thickness of the reinforcenent material will now be discussed. FIG 13
shows the rel ationship between the Vickers hardness and thickness of the
rei nforcenent material for every thickness of the reinforcenent material.
From Table | and FIG 13, at first, 4n the range that the Vickers hardness
is less than 300 or the thickness is less than 30 [Lm the reinforcenent

materi al ha elasticity and causes deformation of the shape in
accora%r‘f%&%gﬁﬁcﬁ%ardeni ng/ contraction of the sealing material, so it is

difficult to ensure reJiability of the I.C qperatjon. anwhi le, in_.the
range t hat Aﬁ@ldmgibr“sl!‘@é?‘ifﬁefgkma@@ége rfrhahﬁf 0%(5193 Wé%ﬂ‘i‘%ﬂﬁ%@@h?éeeds
100 [im the reinforcenment nmaterial becones fragile when the hardness

exceedhe IChchipepartimpreases by piovidiagtthe dCrmodulexebdsinfordemertematerial
reinforcenent naterial part becones easily thick and becones difficult to

set | thz}’]\ﬂiﬁ@i\"ick@@ Kihedst Wil 41radge YfBOW of ndteSanddesy thandb80 and Has been
found that"the reliability of the mechanical strength of the IC chip part

found that 'the rellability of ani cal | |
bﬁﬁLE?@ﬁ@%ﬁ%&ﬂ%a’trﬁﬂﬁé 4% B8 g b 1) RhRE R an T e (R,
t hi i t hi 30 [L €. 100 [] J ,,and b

Set | nGHEREnCaiDt FEvERDS Q5Ahe SBUECE GRaBE iflin At KHc TEREGE SRS -t m

Thus, it is possible to prepare a non-contact card which has satisfactory
print preparectamontéontadt thml wieieh- hen siatisfactorgc pridt ncharagteristic of the

heat-sensitive recording layer.

Also from Table 1 and FIG. 13, in the range that the Vickers hardness is less
than 200 or the thickness is less than 50 um, the reinforcement material had poor
elasticity and causes deformation of the shape in accordance with
hardeniné/contraction 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 um, 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
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



"Also fromTable | and FIG 13, in the range that the Vickers hardness is
| ess than 200 or the thickness is less than 50 pm the reinforcenent
smaterial had poor elasticity and causes deformation of the shape in
accordance with hardening/contraction 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 nore or the thickness exceeds
100 [Lm the reinforcenent material becones fragile when the hardness

excee h ' ' ' ed n :

rei nf gcﬁfc‘%@r?te Oefn%lgg%?%d ngﬁ% gg%%ggnéégg%mﬁtzﬁﬁ@ a?gu%eiéﬁ%@%glbh |t%ul t to
set it wwthin the definitiqns %g ordin tl@o JI'S. .Accordi ngl. . It Eﬁs been

f ound RIRB&re; ReNPBR1GORKACL | ¢ardowhi ﬁé&‘f gior¥ ¢ PRt apct ‘E‘ﬁéc 1 B8 p part
i ncreases by providing the IC nodule with reinforcenent material having

Vi ckerlrabaenmtss revording layerange of 200 or nore and | ess than 580 and a
t hi ckness within a range of 50 jimor nore and 100 pmor |ess, and by

setting thepifle saﬂﬁfﬂfe@ nongd 20f, pslysniailichlordde (PNEC Pk ased fdraRermibplastic 20 m
Thus, it is possible to preparé a non-contact card which has satisfactory

o' andesd MEaft Uiy s EinebPBii e eRRlra LBy AR a0 ¥ Capoblond L8F 17 ©
of - hy Yoo ehioBe RO ke dike TPHBC R PIOGEIE a7 GHIG5rGEITEt ng. I
ot her sanples which used material containing no chloride for the
t her nophightised meténalcoaediningt reeckdoride for theltkerpuoplastid fesin slfeets theratis ng a
gas which may cause probl enms of hydrogen chloride, dioxin, and the like in
i nci nefAbipRRsBIRG DT HeReratiNg G WlIcK may c4iae peellenisufiiy drbgén thileride,
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 thermoplastic resin 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 only 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 material 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



" probl ens of hydrogen chloride, dioxin, and the |ike can be avoided in

I nci neration processing by using material containing no chloride for the
st hernopl astic resin sheets. Also from Tables 1 and 2, it has been found
that the static |load strength can be further increased by providing the
rei nforcenent material not only on the I1C chip nounting surface but also
on the surface where no I C chip was 4dunted, from conparison between the
sanples 5, 8, and 11, in which the reinforcenent nmaterial was provided

onl'y %mﬂt%%\#\gaé@ﬂﬁt o'ﬂgt usfiegde efé‘ﬁo'lg FRRUdunld g:*ﬂl&rr]xst ges 21

to 23 same rei n orcerren mat er was provide e side of
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| C chip nounting surface and the surface where no IC was nount ed, and
f ur t helC patienéreasedsexespt theessaneplo2diingvhiely ghe didfesenca brtwesnithe pondavesi de of
the 43 |G nounting surface but on the surface where no I C was nount ed.

From t @b gonvekelexgedded 2048, aid Has drem-coataed chftbivhicH hadishiisfictiryt he
mechani cal strength of the |C part increased except the sanple 24 in which

t he di that a
cof%% (RGBSl BE oBEFAY Y furBi pESTIMHE e FESRECIRFCkeCbrding ¢
obtain y further rOVI the heat - sensi ti.ve recordin | ayer in the
side o YFh in thers a}?e?"é ]E,er\ﬁég’ Yis dgount Figt he sanpl gs 29yto 34, a

protect layer was prlnted on the printed surface in the back side of the
heat - sensi t inthe sempleasi 28tol 3y aprotest aysewas priptaskon thegninged swrfpesindbe | ayer
was provided on the printed surface, peeling appeared on the heat-sensitive

Ir S;g; daﬁatg( 4id¥ Of thd ReAARLERNE reédrdidiElaganPlesthdP sapR4 ihwhith @b Fropsoet ect
layer was provided on the printed surface, peeling appeared on the heat-sensitive
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-sensitive recording
layer.

Further, it has been found that the static load strength can be increased 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 samples 29 to
31, in which the reinforcement material was provided only on the IC chip 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.

In the samples 35 to 38, a reversible heat-sensitive recording layer was provided




* provided, no peeling appeared on the heat-sensitive recording |ayer.
Accordingly, it has been found that the adhesion of the printed | ayer can
.be protected by providing a protect layer on the printed surface in the
back side of the heat-sensitive recording |layer. Further, it has been
found that the static |oad strength can be increased and the printed
surface can be protected by providing the reinforcenent material also on
the surface where no IC chip was nounted, from conparison between the
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rei nforcenent material was provided al ?o on.the surfgace where no

r ei nf dreatwensitivereversublexeeorgimglapeiovene ESHESQ%EW‘&‘S% &g Wa§ NOSOP¥ES%Er si bl e
heat - sensitive recording |layer was provided 44 on the surface where no IC
chip singstrrthe JEC chiys eregitdsexlingcinatdrial hand heinforsemsit imatemalvensi bl e
recording |layer were all satisfied because there was no convex part since

none girgbqﬁgh HywéRs &ﬁﬁéﬁégggz wBl £YiliR) abpp%raéediﬁitﬁé RicC RABIRAI $TRdpth Rlst Was

provi de wever, unsatis ry relimabi'lity appeared in the mechani cal

strength,t of e | C ghip 0f.the sanple 35 ich [N nt
at or 106 b AP e g B Shich isel e Ra By cotndN BT Bl T YRR
t hi ckness of 30 [Lm Accordingly, it has, been found that it is possible to
pr eparhardnessiwighin asangsnf200,p1 wRre and 8itheknesseoi3§ Hm.characteristic while
ensuring the reliability of the nechanical strength of the IC chip part,
by using reAedqrdirgisit hasbesh fountahatigis\pessihle tdprapaes 8 nonkddnitactaardnge of
300 or nore and less than 580 and a thickness within a range of 30 [Lm or
more a0t chQQtiBfE Sthe! it chAfacheRAVMIC SRR ingRhE PoIRsbiliy! &F e ndcRafRaPl 200

strength of the IC chip part, by using reinforcement material having Vickers hardness

within a range of 300 or more and less than 580 and a thickness within a range of 30

pm or more and 100 um 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 more 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 amount (difference
between convexes and concaves) of reinforcement 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



"norg and less than 5 80 and a thickness within a range of 50 ~Lmor nore
and 100 prn or less, also in case of providing a reversible heat-sensitive
vecording layer on the side opposite to the IC chip nmounting surface
reinforced by reinforcenent material. Industrial Applicability In the IC
card according to the present invention, concaves and convexes di sappear
fromthe card surface, by defining the surface variation anount (difference
bet ween convexes and concaves) of reinforcenent material provided on the I C
rodul echat.rgct%ﬁagg witH8 ?'Bldr@%? Pf’mgs%{fé ﬁ\éa{ nrﬁl’u?tn%%gﬁ aGA%if OP(ng

appear ance-an Yo es e e P rin Fristicw lurs or
print @W ssions even in prlntlng on a visible recording layer. 46 CLAIM
1. A n®®tontact 1C card in which an |1 C nodul e constructed by mounting an
| C chip and an antenna circuit on a substrate is sandw ched between at

| east one pair exterior filnms, wherein the ICchip is sealed wth resin on
outside of the IC chip and reinforced by a reinforcenent material having a
substantially circular shape with a dianmeter greater than a |ongest

di rension value of the IC chip, and a height variation anount of the shape
of the reinforcenent material on a surface thereof is within a range of 20
mor less. 2. The non-contact |IC card according to claim1l, wherein the

r ei nf or cenent



‘"matgrial is made of a netal plate. 3. The non-contact |1 C card according to
claim1l1, wherein the reinforcenent material has Vickers hardness wthin a
¢ange of 200 or nore and | ess than 580. 4. The non-contact |IC card
according to claim3, wherein the reinforcenent naterial has Vickers
hardness within a range of 200 or nore and | ess than 580 and has thickness
within a range of 50 mor nore and 149 4mor |ess. 5. The non-contact IC
card according to claim 3, wherein the reinforcenent material has Vickers
hardness within a range of 300 oréﬁgé nd | ess than 580 and has thickness
within a range of 30 mor nore an or less. 6. The non-contact IC

card according to claim1, erei.n a .part af th substrate, which is a
surface op pi)s it extwnacwaqtd&caﬁén é”ahlﬁg ap éﬁéﬂp@lﬁlpscoglétg}lg&d dngynting
corresponds to IC chip, is also sealed with resin, and a reinforcenent

mat er i an [Cchipaodiatexhtena tiecuiesira substratecisrsand wicltedchetiveen at deast onedi ng to
claim1, wherein a reversible heat-sensitive recording sheet is provided

on at haagkte?it? flins Mhefiherior films, with an adhesive layer inserted
t her ebet ween, and the reversi bl e heat-sensitive recording sheet conprises a

pl astic shegt, reversihl e heat.-sensi.t.ye o din i is forned
on the pl asﬁ\ecl(zﬁlé]&lséﬁ%egéwgbf%sén i\/&qt%lldﬁé)féﬁg@{:sqhﬁﬁggh?%&&fﬁ&eﬁ% 651and a
transparent protect |layer formed on the reyersible heat-sensitive
r ecor dishigtoregragnt laaten@ﬁﬁmgcaoﬁﬁ&é@ntl YC%!F‘HJ\{%FC i‘ﬁ'éh Agliameten grealgfierei n
the exterior film is nade of material containing no chloride.

than a longest dimension value of the IC chip, and :

a height variation amount of the shape of the reinforcement material on a
surface thereof is within a range of 20 pm 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 accordingto claim 1, wherein the reinforcement
material has Vickers hardness within a range of 200 or more and less than 580.

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 um 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.

6. The non-contact IC card according to claim 1, wherein a part of the

substrate, which is a surface opposite to a surface where the 1C chip is sealed and
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corresponds to IC chip, is also sealed with resin, and a reinforcemeht material 1s
provided on the resin.

7. The non-contact IC card according to claim |, wherein a reversible
heat-sensitive recording sheet is provided on at least one of the exterior films, with an
adhesive layer inserted therebetween, and

the reversible heat-sensitive recording sheet comprises a plastic sheet, a
reversible heat-sensitive recording layer which is formed on the plastic sheet and
enables rewriting of visible information, and a transparent protect layer formed on the
reversible heat-sensitive recording layer.

8. The non-contact IC card according to claim 1, wherein the exterior film

is made of material containing no chloride.



