16+ JULY 2004 PROCESS FOR PRODUCI NG AN | C CHI P HAVI NG A PROTECTI VE LAYER
BACKGROUND OF THE INVENTION 1. Field of the Invention The Pr £890LY 2004

i nvention relates to a process for producing an IC chip having a
protective layer. Mre particularly, the present invention relates to a
process for producing an IC chip having a protective |ayer in accordance
with which a protective |ayer can be fornmed on an IC chip disposed on a.
thin sheet 1C circuit such as an IC card efficiently so that fornmation of

Chips have been used wbBRGEER SR OO RGN RO G Toni o

instrunents and i nformati mg?mjﬁlpﬁﬁ@p?%rmﬁ. As the size and the

wei ght of the electronic instrunent’s an mati on comuni cati on
i nstruments decrease, circuit wirings in IC chips are nore integrated in
multiple layers and the thickness of IC chips decreases. |IC cards are known

as an application of tBACEGROPNDOBIKBEANVENTIONCard has a cover sheet
integrally lam nated to a substrate sheet on which an IC chip and rel ated

menber s sluchFiadd afitlembavergtiarni p condenser, = a battery and el ectronic
circuits are disposed and prints, nagnetic stripes and enbosses for
di spl ayi ng varTleripreserdringenting relates doreedraness fier psedicing aof I khiover

sheet. Si.nce |IC cards have a great_ capacity.fqor recording information and
a high défvaBgof BEUEGEIWE Ia¥eTcarerh martisdarly, the present invention

relates to a process for producing an IC chip having a protectfve layer in
accordance with which a protective layer can be formed on an IC chip
disposed on a thin sheet IC circuit such as an IC card efficiently so that
formation of cracks in the IC chip can be prevented.
2. Description of Related Art

IC chips have been used widely in various fields such as electronic
instruments and information communication instruments. As the size
and the weight of the electronic instruments and information
communication instruments decrease, circuit wirings in IC chips are more
integrated in multiple Iayers and the thickness of IC chips decreases. |

IC cards are known as an application of the IC chip. rIn general, an
IC card has a cover sheet integrally laminated to a substrate sheet on
which an IC chip and reiated members such as antenna, a chip condenser,
a battery and electronic circuits are disposed and prints, inégnetic stripes
and embosses for displaying various informations are formed on the
surface of the cover sheet. Since IC cards have a great capacity for
recording information and a high degree of security, IC cards have been

developed and practically used as the cards replacing conventional




devel oped and practically used as the cards replacing conventional 1 16

. JULY 2004 nagnetic cards in the fields of credit cards, |ID cajgs hNQ

" cards and prepaid cards. The thickness of IC chips in thin slrilgéjtw'ﬁ?ab‘{]
circuits including IC cards is decreasing as described above. However, the
decrease in the thickness of 1 C chips causes a problem in that the IC
chips tends to be broken. To protect the thin IC chips, structures shown
in Figure 1(a) and Figure 1(b) are currently used. Figure 1(a) and Figure

- 1(b) show schematic. sectional views of IC_  chips exhibiting two different
convent i JRAFISHF &@F@?é’%'%r‘ I%dét@c‘irrea& ‘F"@dscltﬂ' peardsy cashing eardsiged shown in -

Figure 1( chip 2 attached to a <circuit substrate 1 is protected
with a r’rﬁ%Pa%P%%rglsﬂf such as a foil of stainless steel which is disposed

‘on the IC chi - ive laver . : in Fi
by an 1 ¢ chiee YIRS LN e kRin dhet 11 bAGLRL THANISL PORMR I (170 ©

potting hi8%leBreasid 6h deSclihat 8Ho@ver the I1C chip 2 by potting a liquid
t hernosetting resin such as an epoxy resin, followed by curing the resin by

heating. HowevEswever, fthe MetheasstinlibiethclahewnfTC iy tuddsd problohi ch the
IC chipis protected with a netal plate, it is necessary that a netal
plate. haviheg thel€idepeftende toCheltirpken. | Togevotbe thiephiredCoyhipenchi ng
out of a material steel plate, the obtained netal plate be coated with an
adhesi ve stewgurereshoan éu Figuse 1)zl Bigwretldbhere carrehtlyl Gechi p. Theref ore,
this Figure 1(a) and Figure 1(b) show schematic sectional views of IC
chips exhibiting two different conventional structures for protecting IC
chips.

In the structure shown in Figure 1(a), an IC chip 2 attached to a
circuit substrate 1 is protected with a metal plate 4 such as a foil of
_stainless steel which is disposed on the IC chip 2 via an adhesive layer 8.
In the structure shown in Figure 1(b), an IC chip 2 attached to a circuit
substrate 1 is protected with a potting resin 5 which is placed over the IC
chip 2 by potting a liquid thermosetting resin such as an epoxy resin,
followed by curing the resin by heating.

However, to form the structure shown in Figure 1(a) in which the IC
chip is protected with a metal plate, it is necessary that a metal plate.
having the size of the IC chip or larger be prepared by punching out of a
material steel plate, the obtained metal plate be coated with an adhesive
and the coated metal plate be attached to the IC chip. Therefore, this
structure has a drawback in that the process for forming the structure
becomes complicated and the cost of production increases.

The structure shown in Figure 1(b) in which the IC chip is protected

with a potting resin has drawbacks in that the resin which seals the IC



structure has a drawback in that the process for formng the structure
becones conplicated and the cost of production increases. TheisUilSt Y6Ga
shown in Figure 1(b) in which the ICchip is protected wth a potting
resin has drawbacks in that the resin which seals the I1C 2 16 JULY 2004
chip after being cured has an irregular shape and that the resin has a
consi derabl e thickness. Therefore, it is difficult that a circuit having
the desired small thickness is obtained. SUMVARY OF THE | NVENTI ON The

. .present ipvent i t i.d rQGgess..i 3. . accordance with
whi ch a ﬁﬁ} %ﬁr%gg?%ﬁgc@\?g%%itgf 5}8/% a%la cegﬂrggt%ats%aep’éeségn z_?)seaf ormed on
an | C chipndiBeaBIBithiGIREs. | PhebdfoHd tit %é“&'ﬂ;(ﬁ%ﬁlta{héﬁc% cié@{lﬂ: ﬁéﬁhgl (! ly ina

sinpl e operation so that formation of cracks 1 n the | chip can be

prevent edesitb@ shi#$ ek hByeiRtdAiPVi des: (1) A process for producing an
| C chip having a protective |ayer which process conprises attaching an

adhesi ve sheet having a size of 100%to 200% of a size of the ICchip, to
t he upper face of the IC chip, said IC chip being attached to a circuit
substrate and sai d adhesSUBIMAGEY OIDAPIE INVENTIORM e nmaterial and a | ayer
of aresin Co&lilositi on which is curable by irradiation of an active |ight
di sposed on oRdef dresesft tpeeaee hasennabbieshit® mrevilehianpedssy in

acconpl i shed ,under essuyre in a,manner such that the, |ayer of said resin
Composi t AERPTABAES STEL EIF b HIATHE ety \avgr i-amgg a1 [RECUEAt resin

conposi t isﬁfgpeb Xa.'[il %caaigirﬁ%teidooql f% I@chal%tiinva? t]:lxiingsrﬁéet IC circuit such as an IC
card efficiently in a simple operation so that formation of cracks in the IC
chip can be prevented.

The present invention provides:

(1) A process for producing an IC chip having a protective layer which
process comprises: attaching an adhesive sheet having a size of 100% to
200% of a size of the IC chip, to the upper face of the IC chip, said IC chip
being attached to a circuit substrate and said adhesive sheet comprising a
base material and a layer of a resin composition which is curable by
irradiation of an active light disposed on one face of fhe base material; said
attaching being accomplished under pressure in a manner such that the
layer of said resin composition contacts the face of the IC chip; and curing

the said resin composition by irradiation of an active light;

(2) A process according to (1), wherein the thickness of the layer of the

curable resin is in the range of 30 to 70 g m;

"(8) A process according to (1), wherein the layer of a curable resin after

being cured has a bending modulus in the range of 2 to 5 Gpa;




(2) A process according to (1), wherein the thickness of the |ayer of the
curable resin is.in the range of 30 to 70 um (3) A process a i

" (1), wherein the layer of a curable resin after being cured ﬁggtgjgg%%?ng
nodulus in the range of 2 to 5 Gpa; 3 16 JULY 2004 (4) A process according
to (1), wherein the active light used to cure the curable resinis
ultraviolet light; (5) A process according to (1), wherein the base
material is removed from the |layer of curable resin before the curing of
curable resin; (6) A process according to (1), wherein the |layer of a
curable resin conprises an urethane (neth)acrylate resin. (7) A process

accor di ng? %8%}%6;?%08{&1]3?% g?%gﬂ%égg?%tﬁ?reﬂcte ve fight ﬁse&%ﬁp&]‘\%eﬁlean epoxy

resin;, a rocess accor urther onpri st ng m nat i ng a

sheet of cubflervRRIRE WRra®dld Bghtt he circuit substrate on which the IC chip
having the protective layer of the cured resin, is attached. BRI EF

DESCRI PTI ON OF THE DRAW NGS Figure 1(a) and Figure 1(b) show schematic
sectional views of IC chips exhibiting two different conventi onal
st ruct ur é® Agprasest ectarding he (1)Cwhdriejps théibgae en2testadvis randivedr from
exhi bi ti ng an exanmpl e _of the process for producing an |IC chip having a
pr ot ect | ¥Be layasyofgrurapte prsen baforeihesuring oftierahlmirsin: i n the Fi gures have
the followi ng meanings: 1: A circuit substrate

(6) A process according to (1), wherein the layer of a curable resin

comprises an urethane (meth)acrylate resin.

(7) A process according to (1), wherein the layer of a curable resin

comprises an epoxy resin; and

(8) A process according to (1) further comprising laminating a sheet of
thermoplastic resin to the circuit substrate on which the IC chip having

the protective layer of the cured resin, 1s attached.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1(a) and Figure 1(b) show schematic sectional views of IC
chips exhibiting two different conventioﬁal structures for protecting the IC
chips.
Figure 2 shows a diagram exhibiting an example of the process for
producing an IC chip having a protective layer of the present invention.
The numbers in the Figures have the following meanings:

1: A circuit substrate

2:  AnIC chip




2:vAn 1Cchip 4 16 JULY 2004 3: An adhesive layer 4: A netal plate 55 A

_potting resin 6: A layer of a curable resin 6': A layer of a n
7. A base material 10: An adhesive sheet DESCRI PTI ON OF THE P&QEE%IC?{E%@&

EMBODI MENTS I n the process for producing an I C chip having a protective

| ayer of the present invention, an IC chip attached to a circuit substrate
is used. The formof the circuit substrate is not particularly Iimted and
is suitably selected in accordance with the application. For exanple, when

the circuit substr%ate |% d f%r an I C card, a circuit substrate having
an insulating she g@?‘%&ﬁﬂ’ AY&ht enna coil and a circuit pattern

which is mde of .cond n filmand used for disposing electronic
menbers such as a?l4l C c%ﬁﬁét\é&cﬁﬁ% i ke are forned on the insulating

sheet. The insul atigg shlg%totgﬁg%gllﬂed above is not particularly limted as
| ong as the sheet has the electric Insulating property and can be suitably

sel ected from i nsul@ti nga $heat of £emedné redal |y used for circuit substrates
for IC cards. Exanples of the insulating sheet include insulating sheets
made of paper, woodat ekilayer diedcenediesinc resins such as pol yet hyl ene,
pol yesters, polyprqpylene pol yvinyl chloride, acrylic resins,

: base material

10:  An adhesive sheet

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the process for producing an IC chip having a protective layer of
the present invention, an IC chip attached to a circuit substrate is used.
The form of the circuit substrate is not particularly limited and is suitably
selected in accordance with the application. For example, when the
circuit substrate is used for an IC card, a ciréuit substrate having an
insulating sheet is used and an antenna coil and a circuit pattern which is
made of a conductive thin film and used for disposing electronic members
such as an IC chip and the like are formed on the insulating sheet.

The insulating sheet described above is not particularly limited as
long as the sheet has the electric insulating property and can be suitably
selected from insulating sheets conventionally used for circuit substrates
for IC cards. Examples of the insulating sheet include insulating sheets
made of paper, wood materials and synthetic resins such as polyethylene,
polyesters, polypropylene, polyvinyl chloride, acrylic resins,

- polycarbonates, polyimides, epoxy resins, urea resins, urethane resins and

melamine resins. Among these insulating sheets, flexible sheets made of

polyesters are preferable and flexible sheets made of polyethylene




pol-ycar bonat es, polyi m des, epoxy resins, urea resins, urethane resins and
_ el am ne resins. Anong these insulating sheets, erX|bIe sheejg JIRSe2604

" pol yesters are preferable and flexible sheets made of pol yet hy ene 516
JULY 2004 terephthal ate are nore preferable. The thickness of the sheet is
generally about 10 to 500 m and preferably 25 to 250 m The process for
formng an antenna coil on the insulating sheet is not particularly
llimted and a conventional process can be used. For exanple, a coi

. prepar edd;g%e '?1%%% mﬁagfélb%fgga 8ndli~(ﬁt ye. W %gloggh%gé?% 1sré néﬁ%f orm may

be enbed e insu I g s eet ; pplied
to the sydRta Plo 5lﬁl?ghf‘§ﬂli%bfégaﬁﬂﬁﬁ5 t+ Q5@ﬁ_&grdance W th thga silk screen
a

printing process to rm an ant enna coi conductive thin filmmy be

formed on the Bk pr6&s8ifol Fermfisihat 4 M@nnRessil @ﬂd{:h%”ms%.'l'éﬁﬁ%%h%gt lig may be
formed by etching the formed conductive thin filmin accordance wth the

| i t hogr aptot. pditecydaolyedisnited £ral i Rondewiisgal prodeas temn bef ugdd corgricti ve
thin filmon the insulating sheet is not particularly limted and a
convent i exampeos et papabed byouindiog aexiansplated candantive twive inet fikt f oi |
such as a copper foil or an alum numfoil may be attached to an insulating
sheet ; .a RARAT fomwiy be esthedded vatatheinsudaiing sheet; ariomduictive plastopper o

al um num may .be i_nsul ng s eet [ accordance with _the vapor
deposi ti dH& rb(?cé-gé)i‘g‘f te P?g‘etsﬁ’éf%ﬁﬁl 0@1}}; o@% 1§n%F08r@41F<@thlﬂpat tern
may be f the forne I n ac or dance th the

h
T ogr aghg Sl %r%%ﬁn}éﬁﬂ%ﬂn@e%%sﬁ%%eﬂaean AEEERR FOL0OF o CORFERE of ¢ he
i nsul ati pg;$hAgE d1£5r LRI S shPcd | dfihe insulating sheet and an

antenna coil may be formed by etching the formed conductive thin film in
accordance with the lithography. The process for forming a circuit
pattern of an conductive thin film on the insulating sheet is- not
particularly limited and a conventional process can be used. For example,
a conductive metal foil such as a copper foil or an aluminum foil may be
attached to an insulating sheet; a thin film of a conductive metal such as a
thin film of copper or aluminum may be formed on an insulating sheet in
accordance with the vapor deposition process or the thermal spraying
process and a circuit pattern may be formed by etching the formed thin
film in accordance with the lithography; or a conductive paste may be _
attached to the surface of the insulating sheet in accordance with the silk -
screen printing ﬁrocess to form a circuit pattern.

When the antenna coil or the circuit pattern is formed with a
conductive paste' in accordance with a printing process, the conductive
paste comprises metal powder such as silver powder, a binder resin, a
plasticizer and a solvent. It is preferable that the binder resin is a resin

of the same type as that of the substrate sheet so that the binder resin has




screen printing process to forma circuit pattern. Wen the antenna coil or
the circuit pattern is formed with a conductive paste in accpsdgisca084h 2
printing process, the conductive paste conprises netal powder suéh as
silver powder, a binder resin, a plasticizer and a solvent. It is
preferable that the binder resin is a resin of the same type as that of
the substrate sheet so that the binder resin has 6 16 JULY 2004 the sane
properties (such as the coefficient of thermal expansion and the degree of
contraction) as those of the substrate sheet. In. the present invention, an-
| C chip dh6 samemzoperises fuech an the coaffistmt wfi thenmub expassin asd thiop |
condensers are Eisposed op the circuit _substrate thus prepared. The nethod
for di spdaetge Cheeltraghant as thosent thesuhssratarsheet.i mited and can be

sel ected fromconventi on methods in oydance with the situation. For
exanpl e, the V&F“r-gh%ﬂaﬁ?fbt H%YWHJ%ranﬁﬁéc apg; Ngtpret Recasapey, selherrat ed

- bondi ng . used.as the nethod of bondin n el ectronic nmenber
to the c?ﬁ%ﬁ??ﬁgu S Flgrg Fohdh 28 1P (Gondensens. aFe isno ‘EFPs‘%Ss‘éHC‘Hﬁ t he

bstrat Vel I ' nb be .di tly bonded
To the o rrarete iheETPERIE S the Bl S WiselRIN Prmetieet o@otn whi ch
to the of el PatE T a _ FEARERRAEn whi
Subst rat & Hea T p . nd (coPBE SOECE Bhh eSS kPl B con be

reduced. aktordaicerweitbnthel SivQaiHON, For Rk | 1R wRLSH ﬁcﬁﬁgﬁa ' | ayer of
a cured resinis forned on at | east one face of the(I)C C ipégmc ed to

(di sposedheABheetiadche tapbsitahated bendingt ®ethod hayde hsed 85 gBY on the
Hpper method of bonding an electronic member to the circuit substrate Whenr the
electronic member is disposed on the substrate sheet. Alternatively, an
electric member may be directly bonded to the circuit substrate in
accordance with the flip chip method in which the IC chip or the like is
flipped and directly attached to the circu_it substrate. The flip chip
method is preferable since the thickness can be reduced.

In the present invention, a protective layer comprising a layer of a
cured resin is formed on at least one face of the IC chip attached to
(disposed on) the circuit substrate.: The protéctive.layer is forﬁed on the upper:
face of the IC chip.

As the process for forming the above protective layer, in general, an
adhesive sheet comprising a base material and a layer of a curable resin
formed on one face of the base material is attached to at least one face of
the IC chip under pressure in a manner such that the layer of a curable
resin contacts the face of the IC chip. The layer of a curable resin is then
cured without removing or after removing the base material in the

adhesive sheet and a protective layer is formed. As the method of curing,

irradiation of an active light or irradiation of an active Light, followed by



face of the I1C chip. As the process for form ng the above protective |ayer,
_in general, an adhesive sheet conprising a base material andig j\aweso®d 2
" curable resin fornmed on one face of the base material is attached to at
| east one face of the I C chip under pressure in a manner such that the
| ayer of a curable resin contacts the face of the IC chip. The |l ayer of a
curable resin is then cured without renoving or after renoving the base
material in the adhesive sheet and a protective layer is fornmed. As the
met hod of Ing,. i rradiation of an active light or irradiation of an
active |#6%¥?ﬁ$%V?bﬁ%Hg%% 7 16 JULY 2004 heating may be used. Exanples of
the base mat erg.glmiRR%of Phe Hige JAAUSAINEST Y6 $HE Hboyk NEdHLR,PRREL, SuCh as
paper  an of

gl assi ne paper, coated paper an am nat e various types

plastic fhtliEleWWasdt ich GOURSkiNE tfhpRr! BbAREI fihR9R 1a S itedSpap&i | | cone
resin. The thickness of the base material is not particularly I'imted and,
i n gener and eddobs 2Ppéoflpistic ilhenwhich hay esateld withus ableasiigShfents cur ed
by irradiation of an active |ight without renoving the base material, it

i s inporsunh ahar siliberse remut.er The thickhess afisthiet basbematerdizk isindtt i s used

as the base material. For the layer of a curable resin disposed on one face
of the baesticylarty fimitedhapdsimeersnsdsahawdr2Gie 380 eby i rradi ati on of an

active |ight a esi n copnposi ti.on curabl e heatjng is used. As the
above resin c%%@itLP§W%9 _P'é?%%}eirﬁﬁ‘l&dﬁé’ﬂlﬂ-‘%ﬁg%ﬁf“ ; 1&8‘9{1\?’@@4#“&?{@, a resin
conposi t h%rﬁtcv%t%%lu PQ’m&\FiEl%dtﬁé Ib%rée Olgla%elxtigfviltoise}mlplngcgtntIt%at a base

material which transmits the active light is used as the base material.

For the layer of a curable resin disposed on one face of the baser
material, a resin composition curable by irradiation of an active light or a
resin composition curable by heating is used.

As the above resin composition curable by irradiation of an active
light, a resin composition cﬁrable by irradiation of ultraviolet light is
preferable. The resin composition curable by irradiation of ultraviolet
light is not particularly limited and can be suitably selected from
conventional resin compositions curable by irradiation of ultraviolet light.
In gendral, the resin composition curable by irradiation of ultraviolet light
comprises a photopolymerizable polymer or photopolymerizable
prepolymer as the main component and, where desired, other resins,
reactive diluents and photopolymerization initiators. The above
photopolymerizable polymer and prepolymer include photopolymerizable
polymers and prepolymers of the radical polymerization type and the
cationic polymerization type. The photopolymerizable polymers and
prepolymers of the radical polymerization type are compounds having a

carbon-carbon double bond such as urethane (meth)acrylates, polyester




preferable. The resin conposition curable by irradiation.of ultraviolet

. light is not particularly limted and can be suitably selecteﬂsglmﬁa 004
conventional resin conpositions curable by irradiation of ultravio %

light. 1In general, the resin conposition curable by irradiation of

ultraviolet light conprises a photopol ynerizable polyner or

phot opol yneri zabl e prepol ynmer as the main conponent and, where desired,

other resins, reactive diluents and photopol ynerization initiators. The

b ' | i nel h | i zabl
pol yror & Sna o ERa eES Mg P e AR RIERR, YRy MR BRRRR k™ ™ ©
cationi ¢ RRhYSBAAL Bhi Al h%’&&b?f[%rﬁ&wdﬁ%ié’ﬁ’&ﬁ& 23 %id%%ﬂ:%gl;éﬁ]ﬁpghe

prepol yners of the radical polynerization type are conpou aving a

car bon- canbom caltbbfpdlghdetabridsc sdteid)arnd pRolvpabinbaLEeble Ry Hesser 8 16
JULY 2004 (neth)acrylates, polyether (nmeth)acryl ates, epoxy (neth)acryl ates

and conpouhgsegdyinegs af the batiextizrjodymdreizhtientgpd ara campiodads haivingr in the
mai n chai n of Eol y(meth) acrylic esters. The photopol ynerizabl e polyners
and pr epdlyeeyt srbuphsudtatasonpkyeplady ghrdidys) goltesper alyridylspalivgslibavi ng

gl ycidyl group such as pol yether glycidyls, polyester glycidyls, alicyclic
epoxy reSHOXY USRS, JiSIEroyChE GPPXY d§FIS, cRPBX yepiasi ofsther novelakotywieak type,

cpoxy T odREY destRco AR RBRABFn A k. PR CRUon LG NEDRGRG] JEOBA  or Gup.
2t S ety WS, GOt BRI oL T
general | o, 3BfUin 2 08 Efaity BPIn0GR mHlf ANALCRPLYIIREFRR Ey RO LIRS,

The molecular weight of the photopolymerizable polymer and prepolymer

is generally about 2,000 to 2,000,000. The photopolymerizable polymer

and prepolymer may be used singly or in combination of two or more.

Examples of the other resin described above include vinyl resins,
urethane resins, polyesters, polyamides, polycarbonates, phenol resins,
urea resins, melamine resins, polyimides, nitrile resins and silicone resins.
These resins are used for adjusting viscosity of a liquid composition for

_ coating and for providing desired physical properties to the layer' of the
cured resin. The above resins may be used singly or in combination of two
or more.

The above reactive diluent has the function of providing elasticity or
rigidity to the cured product in addition to the function as the reactive
diluent. As the reactive diluent, any of monofunctional reactive diluents
and polyfunctional reactive diluents can be used. Examples of the
reactive diluent include cyclohexyl (meth)acrylate, 2-ethylhexy!
(meth)acrylate, hluryll (meth)acrylate, stearyl (naeth)acryiate, 1,4-
butanediol di(meth)acrylate, 1,6-hexanediol di(meth)acrylate, neopentyl




and prepolymer may be used singly or in conbination of two or nore.

. Exanpl es of the other resin described above include vinyl resjgSyLybgesane
" resins, polyesters, polyam des, polycarbonates, phenol resins, urea
resins, nmelanine resins, polyindes, nitrile resins and silicone resins.
These resins are used for adjusting viscosity of a liquid conmposition for
coating and for providing desired physical properties to the |ayer of the
cured resin. The above resins may be used singly or in conbination of two

R I T G N
h I di : ' di | , f f unct.i I
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2-ethyl h acryl at'e, (et
(et h) acrai(@beh)abryintd whIGEH Oitdhl E4Bo d6HY) &% '
di (et h) aCEyI at)g, rfnlgopent yl 9 116 JUL 2002 gl sggllet%%a?net Sé‘a"t?@ﬁﬁgtag%

e S i
di cycl opedtdngougi, (ditnbylaecyilatee malifiyd | wieneihyiéne diideeidoppanytaoe
nodi fied with _caprol actone, di(peth)acrylate phosphate nodified with
ethyl ene tésmer@}ylelpépmyrl(me(chhcny ¢y fleartapuithrisel dilmrethdadrylatgy oup,
o (ot 1) eyl e, IOl e L SLMLee e Soquanurate, eyt e,
di pent a0yt L Lt heltb] (RDATAS RS, BnbbET ot aRt OBLeb A3 date
modified with propylene oxide, tris(acryloxyethyl) isocyanurate,
dipentaerythritol penta(meth)acrylate modified with propionic acid,
dipentaerythritol hexa(meth)acrylate and dipentaerythritol
hexa(meth)acrylate modified with caprolactone. The reactive diluent may
be used singly or in combination of two or more.

Examples of the photopolymerization initiator for the
photopolymerizable polymers and prepolymers of the radical
i)olymerization type include benzoin, benzoin methyl ether, benzoin ethyl
ether, benzoin isopropyl ether, benzoin n-butyl ether, benzoin isobutyl
ether, acetophenone, dimethylaminoacetophenoné, 2,2-dimethoxy-2-
phenylacetbphenone, 2,2-diethoxy-2-phenylacetophenone, 2-hydroxy-2-
methyl-1-phenylpropane-1-one, 1-hydroxycyclohexyl phenyl ketone, 2-
methyl-1-[4-(methylthio)phenyl]l-2-morpholinopropane-1-one, 4-(2-
hydroxyethoxy)phenyl 2-(hydroxy-2-propyl) ketone, benzophenone, p-
phenylbenzophenone, 4,4’-diethylaminobenzophenone, dichloro-

benzophenone, 2-methylanthraquinone, 2-ethylanthraquinone, 2-tert-

butylanthraquinone, 2-aminoanthraquinone, 2-methylthioxanthone, 2-

10




pentaerythritol tri(meth)acrylate, trinethylol propane tri(neth)acryl ate

nmodi fied with propyl ene oxide, tris(acryl oxyethyl) isocyanurajgguLy 2004

" dipentaerythritol penta(neth)acrylate nodified with propionic acid,

di pentaerythritol hexa(neth)acrylate and di pentaerythritol

hexa(neth)acryl ate nodified with caprol actone. The reactive diluent may be
used singly or in conbination of two or nore. Exanples of the '
phot opol yneri zation initiator for the photopolynerizable polyners and

| .t.h di cal I i zat] t i ncl,ude b in, [
et byl ety it Rter BB o 7 4 30pr B HgeRe oo n
-b | . ' ' . ! t .
e by SHPALLORBRARUR A VY] g DR AS8 SRRARAR e, i ket
2, 2- di et hgely - 2=RIRNYLAC S FRRSIRTLmiAoHBHILRXY alid. xample of th
met hyl - 1- phenyl propane-I-one, “1-hydroxycycl ohexyl p en?ljl iet one, e2
met hyl - 1qi}fbté§@1gmdrﬁiﬁtcarp RAaftyador 2for0th HobGRI1PRRRER IO (R ly thetd-and
p

hydr oxyet hoxy enyl 2-(hydroxy-2-propyl) ketone, benzophenone, p- _

phenyl bengzrepblymosrs, of, tHeé - chtediiyl polymbenztiphenpme, indiwdd ocompbendophenone,

2-nmet hyl ant hr aqui none, 2et hyl ant hraqui none, 2-tert- butyl ant hraqui none,

2- ani noawbbaiigdi e, ipmshysudi oxmnarmneatic 2 sutfonBiy ULIYNL0Gromatic

et hyl t hi oxant hone, 2-chl orot hi,g{ﬁnt hane, .2, 4-di et hyl t hi.oxant hone, 2, 4-

di et hyl t PFEXAHOBIIR 10BBN3XAMALIAIATINIE: d9ns gud: Biomesidn dodnmiahyonket al

and esters pf p-dinethyl am nobenzgic acid.. Exanpl e of ihe

phot opol i Z8PHYIP | n%’tl&%lt or®¥ or g%tﬁ%ﬁﬁﬂmb(%ﬁ&ynpﬁ?‘?‘é’éi‘@rﬁﬁhﬁiﬁ%%teand

pr epol Y M fc% afitiok i GRlohAE SnAHKTRF M sChate! P oo it 98a SRR
p-methoxybenzenediazonium hexafluorophosphate, diphenyliodo
hexafluorophosphate and triphenylsﬁlfonium hexafluoroantimonate.

In the present invention, a liquid composition for coating comprising
the above resin composition curable by irradiation of an active light is
prepared. In this preparation, where necessary, suitable organic solvents
may be used. Various types of fillers may also be added to improve
bending modulus of the layer of the cured resin, stabilize the degree of
contraction of the volume and enhance the heat resistance.

Examples of the solvent which is used where necessary include
aliphatic hydrocarbons such as hexane, heptane and cyclohexane; aromatic
hydrocarbons such as toluene and xylene; halogenated hydrocarbons such
as methylene chloride and ethylene chloride; alcohols such as methanol,
ethanol, propanol and butanol; ketones such as acetone, methyl ethyl
ketone, 2-pentanone and isophorone; esters such as ethyl acetate and butyl
acetate; and cellosolve solvents such as ethylcellosolve, Examples of the

filler include silica, alumina and hydrated alumina.

The concentration and the viscosity of the prepared liquid
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obt ai ned from oni uns such as aromatic sul foniumions, aromatic

oxosul foniumions, aromatic diazoniumions and aromatic i odonjg ULy sgo£Nd
ani ons such as tetrafl uoroborate, hexafl uorophosphate,

hexaf | uor oanti nonat e and hexafl uoroarsenate. Specific exanples include p-
met hoxybenzenedi azoni um hexaf | uor ophosphat e, di phenyli odo :
hexaf | uor ophosphate and tri phenyl sul f oni um hexaf | uoroanti nonate. In the
present invention, a liquid conposition for coating conprising the above

resin CoRpasidLiath Gof 3L ARY:! ﬁétag%iﬁiic@%rﬁia%anitgﬁ %llg\r/]focplggs R peStigRIE P ed

In this preparation, Wnere-necess ) y be

used. Va%%ﬂfb%sif%&ssca% fbfei his&d Sfo@é’oe?chﬁ%@ﬁd g:%ﬁe%et %u#éﬂ(ifg\és%lecjeg@df-nng

nodul us of the layer of the cured resi st ize ree o

cont r act igeFordlantch vivRHARIRAGiopnhance the heat resistance. Exanples of the
sol vent which is used where necessary include aliphatic hydrocarbons such

as hexane, hefghartheanpaessyttl dnexatien, aglendiqeid RodipusatioRNors Wwatasg t ol uene
and xyl ene; hal ogenat ed hydrocarbons such as nethyl ene chloride and

‘et hyl ene cetipsisidg tharesinalomssition suneh lednoirradiativansflan pctopalight #nd

butanol ; ketones such as acetone, nethyl ethyl ketone, 2-pentanone and

i sophor oA®pligdtteranesiaen odshe bage meierialdesaribbdapove 4o epat the faw izel | osol ve
sol vents such as ethﬁl cell osol ve. Exanples of the filler include silica,

al um na éﬁ‘éP‘“ﬁ?&F%t‘@& al GRIFeNtIN PressPefii¢ihes dheabar cortipgstle koyfeof t he

o D1 e M oAb 200 SRR O 06 SRR Bupl, Bt culr
~be sui ta%ytiﬁg.l eqt (%jat!iﬁlg film is formed on the face and then dried. Thus, a

layer of the curable resin is formed and the desired adhesive sheet is

obtained. The thickness of the layer of the curable resin is selected

genera]ly in the range of 10 to 200 um, preferably in the range of 20 to 120

pm and more preferably in the range of 30 to 70 um. The thickness of the

IC chip is generally about 30 to 170 pm.

It is preferable that the bending modulus of the layer of the curable
resin after being cured (the layer of the cured resin) is in the range of 1.0 to
30 GPa. When the bending modulus is smaller than 1.0 GPa, there is the
possibility that the protective effect on the IC chip is not sufficiently
exhibited. When the bending modulus exceeds 30 GPa, the layer of the
cured resin becomes brittle. The bending modulus is more preferably in
the range of 1.5 to 15 GPa and most preferably in the range of 2 to 5 GPa
from the above reason.

The bending modulus of the layer of the cured resin is measured in
accordance with the method described in “Method of Bending Test of Hard
Plastics” of Japanese Industrial Standard K 7203-1982.

In the process of the present invention, the adhesive sheet prepared as
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aceordance with the situation. In the present invention, the liquid

conposition for coating conprising the resin conposition CU“T@'J?JLB&’ZOM,
irradiation of an active light is applied to one face of the base materi al

descri bed above to coat the face in accordance with a convention process
such as the bar coating, the knife <coating, the roll coating, the bl ade
coating, the die coating and the gravure coating. A coating filmis forned
on the face and then dried. Thus, a |layer of the curable resin is forned

and the %Efiﬁgdaéﬂ?)%iig%ti; ! Y %)Z%% f%s?;??llgdfa{:% %? thQ'I@(cgl}el%%bt%{a%ﬁegchl) ayer of

the curable resin s sélec n e range agm

r ef er abl(y;d Tl A pr ef ' range of
50"t o 70 e A R ord v BRSSP R R sl ehEe | S0

It is preherabbeot tad cikublbepdin@ntReis the fake bEehs arethipl e G1d ab! e
resin after being cured (the |layer of the cured resin) 1s in the range of

1.0 to 3beGrihediheshebe iberndi pryrtivodadly dimstedmas leng taathel skeGRathd here i's

the possibility that the protective effect on the IC chip is not

suf fi ci eseme asxhi Harger thnnthehebfsehdiththergoutestioaxcdédis padRenllst he | ayer

of the cured resin becones_ brittle. The bending nodulus is nore preferably

in the PApfpEable thay the s1ge Bp0Q b 2RB% and mraeaeferagly ABO tad§e%ef 2 to 5
he bendi ng nodul us, of the | yei'o .the cured

GP f th b T
regi n irg%e?%f? \{ﬁ%ngbng%O AhEATQIQGHIOR. ¢ 1B gRneRaY tg%&%ei G chiihod of

Bendi ng Te I Pl ast i,¢s" of Japanese Industrial Standard K
7203-198 .gc*%a%?hoga‘%’o&[g%é)gé?n%ﬁﬁ%rhe present invention, the adhesive sheet

prepared as 12w, 1C chip to which the adhesive sheet has been attached in the
above is irradiated by an active light to cure the layer of the curable resin
without removing the base material or after removing the base material
and a layer éf the cured resin as the protective layer is formed. Where
necessary, the layer of the curable resin majr be preliminarily cured by
irradiating an active light and may then be cured by heating to form a
protective layer of the cured resin.

In the process of curing by irradiation of an active light, ultraviolet
light is preferable as the active light. Ultraviolet light can be obtained
from a high voltage mercury lamp, a fusion H lamp or a xenon lamp.
When the irradiation is conducted without rembving the base material, the
IC chip is irradiated by ultraviolet light at the side of the base material
since a base material transmitting ultraviolet light is used. When the
irradiation is conducted after the base material is removed, the layer of the
curable resin can be irradiated directly by ultraviolet light.

As the condition of the irradiation, an intensity of irradiation in the
range of 10 to 500 W/cm is preferable and a time of irradiation in the range

of 0.1 second to 10 minutes is sufficient.

13




16* JULY 2004 descri bed above is attached to at |east one face of the IC
~chip attached to (disposed on) the circuit substrate under p1€giuhe b@%a
“manner such that the layer of the curable resin contacts the face o? e
| C chip. The size of the adhesive sheet is not particularly Iimted as
long as the size is the sane as or larger than the object of the
protection. It is practically preferable that the size is 100 to 200% and
nore preferably 100 to 150% of the size of the object of the protection.

I |, th ' f hi .} of ; ller. The IC
chip to whi ch et SipdyTrotihectRile sedn Siitndy fercrhed dusvetts |
W hout Paeur AR AS LehEHold FHER thlBab e Yttt S SBRIRIEH Mot ana

a layer qhetlagnicatReh tRSitheds ddRrPeatREL V& cbATBELHS fl%ﬂléﬂ?m\%ﬁff
necessary, the layer of the curable resin nmay be prelimnarily cured by

i rradi at itpgptanemctrhye bé ofindardedrayithban gnevingd thy gtk twhéyr m a
protective |ayer of the cured resin. In the process of curing by
i rradi at idesirefl. an active light, ultraviolet light is preferable as the
active light. Utraviolet |ight can be obtained froma high voltage
mercury | anp, Heptei2orhaws andiagram exhibitingap. example ofhthd prageaforon i s
conduct ed wi,t hout rfgo i.ng the base material, the ICchip is irradiated by
Ul tr avi oPEPARFBEAnICiokip Sruiian DrRtechedatiek of tha ProsPRE tavemsinse mat er | al
transmtting yltraviolet, light is ed. When the Jrradiagtion is conducted
after the basgnr@&?%r(%ala lpgeggfr%\ggsafﬁﬁ ﬁgsmaéésr{'oapqd@ 1 0R¢ %ﬂﬁ’l‘garg%ﬁen can be
i rradiat ' ' | 4 her.condid i of 1.t he
2 o Ll ) e S el
sheet 10 is attached to the upper face of an IC chip 2 attached to (disposed
on) a circuit substrate 1 under pressure in 2 manner such that the layer of
a curable resin 6 contacts the upper face of the IC chip 2.
In step (c), the base material 7 is removed. In the following step (d),
the layer of a curable resin 6 is cured by irradiation of an active light and a
layer of a cured resin 6’ is formed as the protective layer.
In the process shown in Figure 2, the layer of a curable resin 6 is
cured after the base material 7 is removed. Alternatively, the layer of a
curable resin 6 may be cured by irradiation of an active light without
removing the base material 7. Then, the lamination treatment of the
following step (not shown in Figure 2) may be conducted after removing
the base material 7 or without removing the base material.
In general, a sheef of a thermoplastic resin is laminated to the
circuit substrate on which the IC chip having the protective layer of the
cured resin is disposed. As the above sheet of a thermoplastic resin, a

sheet of a thermoplastic resin made of the same material as or a different

material from the material of the insulating sheet used in the circuit
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rahge of 10 to 500 Wcmis preferable and a tinme of irradiation in the

. range of 0.1 second to 10 minutes is sufficient. 13 16 JULY @Q%lﬁ?gmthe
| ayer of the curable resin is cured as descri bed above, the base naterial

may be renoved when the base material is still attached and the | am nation

treatment described later is conducted. The lam nation treatnent may be

conducted w thout renoving the substrate, where desired. Figure 2 shows a

di agram exhi biting an exanpl e of the process for produci ng an I C chip

e eur api & A Ry Y SedCle 1 B BRERhd M I ottt SPeih b "
adhesi ve ghegd tdohd ﬁlsﬁﬂﬁﬁﬁg%ﬂeei BYC Cﬁingb) HWEY (})\{r? Cﬁrﬁﬂ?ee&(lja’ltoao'n)s a

attached to the upper face of 2 attacheé i Sposeé

circuit sestrodte theﬂiﬂé‘ﬁlrasﬁE%%iﬂ Snade 8f %E@%%Ené Wedbetatad it Gy B OF @
curable resin 6 contacts the upper face of the 1Cchip 2. In step (c), the

base mat dénkalating sheenmyeelin the tiveuit alubetvang is ueed ad)the dbegelsavet opf a
curable resin 6 is cured by irradiation of an active light and a |ayer of
a cured rﬁe@lern&bplastié vestpdram theestpmdpentti ofeiglaysdhedion t hasphechsst shown in
Figure 2 the | ayer of a curable resin 6 is cured after the base materi al
7 is remfeut %Wﬁ%lﬁ‘a‘ilf:ﬁéﬂl 2 sheett 9f ér thermoplasiia besinrkavingexeellete cur ed
renovi ng the base material 7.

b di gt f tive | t hout
Fen, ' TRt “1$§ég¥)ﬁemv9§vg p°4‘cs|neawtﬁeces@@g tielsirelicionn Fi gure

,[2 %1 emggsg %m?%ggﬁﬁxg% PRt Vﬁrrégera%i]e bﬁxamp it er such 2 e él%ﬂ 1tn 2 ut renovi ng

sheets of polyethylene, polyesters, polypropylene, polyvinyl chloride,
aérylic resins, polycarbonates and polyurethanes. Among these sheets,
sheets of polyesters are preferable and sheets of polyethylene
terephthalate are more preferable. In the above lamination, the circuit
substrate and the sheet of a thermoplastic resin may be laminated via a
layer of an adhesive resin, where desired.

The advantages of the process for producing an IC chip having a
protective layer of the present invention can be summarized as follows:

(1) A uniform and thin protective layer for an IC chip having an
accurate shape can be formed in accordance with a simple operation.

(2) Handling, such as transportation, of a circuit substrate having
an IC chip can be facilitated when a substrate is attached to a protective
layer of a cured resin.

(8) Layers of a cured resin of the same type or different types can
be formed on two faces of an IC chip attached to a circuit substrate as the
protective layers.

(4) Formation of cracks in an IC chip in a thin sheet IC circuit such

as an IC card can be effectively prevented.

15




I ntgeneral, a sheet of a thernoplastic resinis lamnated to the <circuit

. Substrate on which the I C chip having the protective |ayer of4ghgLycdics
"resin is disposed. As the above sheet of a thernoplastic resin, a sheet of
a thernoplastic resin made of the sane material as or a different nmaterial
fromthe material of the insulating sheet used in the circuit 14 16 JULY
2004 substrate may be used as long as the sheet of a thernoplastic resin
can be sealed to the insulating sheet by heating. However, it is
preferable that a sheet of a thernoplastic resin made of the sanme materi al
as that of the insulating sheet used in the circuit substrate is used as

the above sheet of -a thernopl astpgAngp romthe standpoi nt of tight
adhesion. As the sheet of a therFr}mp aEHECSCresi n, a sheet of a

t her mopl asti ¢ Tiesi preRani Navexash! &ill b8! @&ddiited @ﬁé&leatng&ﬁBﬁﬁgeWi% hi gh
i npact resistance and a relatively low heat sealing tenperature’i's

pr ef er ablreferExnaenpd esanipleuinhtie fARnENCIHiEeverheles frédend hy&idivh ene,

pol yesters, polypropylene, polyvinyl chloride, acrylic resins,

pol ycar bawétlgeiteddopbeyexaeiplanes. Anong these sheets, sheets of polyesters
are preferable and sheets of polyethylene terephthalate are nore

preferabl e. | thhbengimedestiaf adayemof a pere resin andshiedterating dest dffe sheet

- of a therpoplastic resin be lam nated vig a |ayer of an adhesive
resin, \Aﬁb‘?cglltd‘éng‘? gep q%@ﬁ%&&ﬁqr&@&emlthﬁbeg@%%w pethedssduci ng an 1 C

e Tol Tow? BeRRER:5R A BE eflr rBFaREER Ve 1 ayer for an 1C chip having

an accur at € shaPGc&iiahte WP Ehd o356 Yida0EEeY BD Aok "Bl S1OREs &Ll on-
Examples, a layer of a cured resin having the same thickness as that in
Examples was prepared separately. The bending modulus of the
prepared layer was measured in accordance with the method described in
“Method of Bending Test of Hard Plastics” of Japanese Industrial
Standard K 7203-1982.
(2) Bending test of a circuit

Fifty test pieces were used foz; each test. Circuits treated by the

lamination were used as the test pieces. After the fest pieces were
subjected to the bending test in accordance with the method of Japanese
Industrial Standard X 6305, the test pieces were subjected to the
communication test using a reader specifically designed for MYFAIR IC
chips manufactured by PHILIPS Company. The number of test pieces
which failed to read and write data normally was counted. The
appearance of the attached chip was visually examined. The number of
test pieces having cracked chips was counted and the faction of cracked

chips was obtained.

16




(2) Handling, such as transportation, of a circuit substrate having an IC
, chip can be facilitated when a substrate is attached to a projgguLyezodfyer
~of a cured resin. (3) Layers of a cured resin of the sane type or different
types can be formed on two faces of an IC chip attached to a circuit _
substrate as the protective layers. (4) Formation of cracks in an IC chip
in athin sheet ICcircuit such as an IC card can be effectively
prevented. 15 16 JULY 2004 EXAMPLES The present invention will be

ally with reference to exanples in the foll ow ng.

: oy

agag\r/glro,eci%%{‘%}%s %‘rltlm!rpi‘?/ention is not limted to the e]>c<arrpl es. The bending
' ' est circyit were

conduct ed i n aecaralh SUbSRRE R PEthA R BTG b nebiri B8t o1

| ayer of cactif §htk@H brl b FAPEIFNGR %}é@ﬁdﬁ%ﬁ%ﬁ@ﬁﬁ?;ﬁg[ﬁf Ryl {{086

conducted in anpl es, a l'ayer of a cured resin having e sa I ckness
as that ithickneasRif g% waswRhepailesk SRR R the Jﬁgﬁs&a@w&aﬁmﬁd& eof the

prepared | ayer was neasured in accordance with the method described in

"Met hod of MBERATRQIC edtip ahahlafattBred byc PHIGTPSafanasmy (dugunialof 55t andar d
K 7203-1982. (2) Bending test of a circuit Fifty test pieces were used for
each t estmg thauithicknesat d@0bpnphwas attached via an anisotropic electric

conductive film and a circuit substrate having an IC chip was obtained.

Examflle i
(1) Preparation of an adhesive sheet

To 100 parts by weight of an urethane acrylate having a weight-
average molecular weight of 10,000 as the photopolymerizable prepolymer,
100 parts by weight of dipentaerythritol diacrylate as the reactive diluent
and 5 parts by weight of benzophenone as the photopolymerization
initiator were added. To the obtained mixture, 305 parts by weight of
ethyl acetate was added and a liquid composition for coating was prepared.

One face of a PET film (a base material) having a thickness of 38 pm
which had been treated for releasing with a silicone resin was coated with
the above liquid composition for coating using a knife coater. The coated
base material was dried at 100°C for 8 minutes and an adhesive sheet
having a layer of a curable resin having a thickness of 45 pm was prepared.
(2) Protection of an IC chip

A piece of a square of 6 mm was punched out of the adhesive sheet
prepared in (1). The obtained piece of the adhesive sheet was attached to
the circuit éubstrate having an IC chip which was obtained in Reference

Example in a manner such that the layer of the curable resin contacted the
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| am nati on were used as the test pieces. After the test pieces were

. Subjected to the bending test in accordance with the nethod ofg JeRaneses

" Industriral Standard X 6305, the test pi eces were subjected to the

conmuni cation test using a reader specifically designed for MYFAIR IC

chi ps manufactured by PHI LIPS Conpany. The nunber of test pieces which
failed to read.and wite data normally was counted. The appearance of the
~attached chi p vvas visual |y exam ned. The nunber of test pieces having

T6 16 JuL A58 B e atheriv sttcheonbhR i 1o SR AfS B 5, "
printing g lfe%wﬁagq%éte{vgs%gga&edceor@% bk fsﬁsggag%%%%gyet " 't%qgm Saste.

terepht halate avin ness o

To the prigpar, C u r AR, | t y
PHI LI PS Ct%%pﬁle%g;es;g#gsg %%%5%%%%? gﬁtﬁh:tgﬁngés%mrﬁgga%%&\%as%at 1gched vi a

an ani sotsubRteate! @akrireadeeadust iwleravidlet didthtaa€itheUsideSHPSERRhetHAVI Ng an
| C chip was obtained. Exanple I (1) Preparation of an adhesive sheet To 100

parts by atHiegite sliecinwas etixahed aming at @ehauiyrigngp weidghtthe @i Rgs 8P| ecul ar
wei ght of 10,000 as the photopol yneri zable prepolyner, 100 parts by weight
of di pentaaeintensityof igradintioataf 10 Wem;, eadistamcedbétveren tlanthhppard s by

wei ght of _benzophénone as the phot opol yneri zation " initiator were added. To
t he obt ai h@d‘,oﬂ: Q},‘f@ntgg};sggm ef by cpernghe tgpe of irradiation of 10 seconds.

Thus, the layer of the curable resin was cured and the IC chip was
protected. The layer of the cured resin had a bending modulus of 2.2 GPa.
(3) Laminating treatment

A PET film having a thickness of 50 pm which had a layer of a
polyester resin having a thickness of 50 ym was attached to the circuit
substrate having an IC chip coated with the protective layer which was
obtained in -(2) on the face at the side of the IC chip in a manner such that
the layer of a polyester resin contacted the circuit substrate and the
lamination treatment was performed by passing the obtained product
between silicone rubber rollers heated to 130°C.

The results of the bending test of the olﬁtained card are shown in
Table 1.

Example 2
(1) Preparation of an adhesive sheet

To 100 parts by weight of a phenol novolak resin (the weight-
average molecular weight: 1,000) and 50 parts by weight of an alicyclic
epoxy resin (the molecular weight: 320; the epoxy equivalent: 200) as the

curable resin composition, 10 parts by weight of p-methoxybenzene-
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s added and a liquid conposition for coating was prepared.
E;Zyiaggeg?t: gET film(a base ngterlal) havi ng a thi ckness OQ%QQH%ﬂyo?mgch
" had been treated for rel easing with a silicone resin was coahe mnted e .
above liquid conposition for coating using a knife coater E e cqﬁ ed ba
material was dried at 100"C for 3 mnutes and an adhesive sheet g a 2?
| ayer of a curable resin having a thickness of 45 um was prepﬁrg . t(Of e
Protection of an I C chip A piece OL a squarégff GCQWLrafhguggthIsg o
SSQGSLchﬁggﬁ?guﬁ?ﬁggggggﬁ %ﬁ%g%}%ﬁgakﬁéﬁﬁgpﬁ lpﬁp%ﬂﬁﬁndﬁpéﬁcﬁdﬁa%btalned

resin
in Ref er eraddledExdliplthe i sbtaingh meixt&HE N1 S0 Hartd &y @%EIHOF et
contacted the 17 16 JULY 2004 IC chip and(’iatafgr F'Jece %l% Hisﬁ% sheet

the circuit
d t Heetpe sraspadddd end wHiquidddespostishost cd!?e%ng%vta%
ga\ég{?ate t he assgarraterlal in the adhesi ve sheet was re ved and the

remai ni ng coat n@;ﬂ',lqgmfta PEb6tm {a dasasnaterixd) hbethghy thickhayd @:%v ght at
the side t i.ch adhesi ve sheet was attached using a nercur
under the V@Bﬁ\?fg K e%‘? treéweﬁi Aeerrlpesingtwithradilitpneresin w26 chéen w@t}ﬁl St aPce
between th ﬁ 61 he COs?tHedfC' rcwt substrat efof 10 cngnd ati mgu?ed
| rradiation 0333%%8 g%%gﬁaglpo o, X e F%@ﬁiftﬂ; igﬁgu&r:ed igl n ﬁgga%endl ng
t er, o
Tl 0 o Rl B8 T U SRS s o
: ckness
of 50 M Whia§hdadages @ﬁ’(ﬁlra‘{’}ie ?emﬂ?la)(/‘fﬁé & thE S s r(‘)?\él n 6\17vatls Il)repared
was attached to the circui
(2) Protection of an IC chip
A piece of a square of 6 mm was punched out of the adhesive sheet
prepared in (1). The obtained piece of the adhesive sheet was attached to
the circuit substrate having an IC chip which was obtained in Reference
Example in a manner such that the layer of the curable resin contacted the
IC chip and the piece of the adhesive sheet covered the IC chip. After the
adhesive sheet was attached to the circuit substrate, the base material in
the adhesive sheet was removed and the remaining coated circuit
substrate was irradiated by ultraviolet light at the side to which the
adhesive sheet was attached using a mercury lamp under the condition of
an intensity of irradiation of 120 W/em, a distance between the lamp and
the coated circuit substrate of 10 cm and a time of irradiation of 10 seconds.
Thus, the layer of the curable resin was cured and the IC chip was
protected. The layer of the cured resin had a bending modulus of 2.8 GPa.
(3) Lamination treatment
The circuit substrate having an IC chip coated with the protective

layer which was obtained in (2) was subjected to the lamination treatment

on the face at the side of the IC chip in accordance with the same
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~substrate having an I C chip coated with the protective |ayer whi ch was

. obtained in (2) on the face at the side of the IC chip in a npgQeLYs2eH
that the |ayer of a polyester resin contacted the circuit substrate and

the lamnation treatnent was performed by passing the obtained product

bet ween silicone rubber rollers heated to 130C. The results of the bending
test of the obtained card are shown in Table 1. Exanple 2 (1) Preparation
of an adhesive sheet To 100 parts by weight of a phenol novolak resin (the

wei ght - mb@@@rmmsarconﬁusﬁﬂm1E99191)91@'ift3}50 parts by weight of an
alicyclic epoxy resin (the nol ecul ar weight: 320; the epoxy equival ent:

200) as the cThabkeultesifrthedbmetingi et of @hpasHtainnd WeiDRke Shown in
p- met hoxybenzene 18 16 JULY 2004 di azoni um hexaf | uorophosphate as the

phot opol yhadtlezati on initiator was added. To the obtained nixture, 150
parts by weight of nethyl ethyl ketone was added and a |iquid conposition
for coating was prepared. One face of a PET film (a base material) having a
t hi ckness.,of 38 m ich had been treated for releasing with a silicone
resin wasUBRAER}IVE fxamme lapove | i qui d conposition for coating using a

. kni fe coater coat ed . base terial was dried_at 100Cfor 3 m nutes and
an adhesi ve sh‘&hﬁl ul% ){?[rﬁadng § rr? C&‘Ve iﬂfﬁl ‘énrtg’@ 118hC§VPn she [ikqiess of 60
m was pr chip,A ce of are of 6 mMm

was pun C%ﬁg@%‘&w (1)1%1%%1}11% A &%gés |1§ %?as S a b ?{!e%erence Eg(amqpﬂe the

lamination treatment was conducted in accordance with the same

procedures as those conducted in Example 1 (8). The results of the

bendiﬁg test of the obtained card are shown in Table 1.

Comparative Example 2

A piece of a square of 6 mm was punched out of a PET sheet having
Ia thickness of 100 pm (the bending modulus measured in accordance with
the method of Japanese Industrial Standard K 7203): 0.7 GPa) and
attached to the IC chip of the circuit substrate having an IC chip which
was obtained in Reference Example as the -protective sheet. The
lamination treatment was conducted in accordance with the same
procedures as those conducted in Example 1 (3). The results of the

bending test of the obtained card are shown in Table 1.
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prepared in (1). The obtained piece of the adhesive sheet was attached to
. the circuit substrate having an I C chip which was obtained i nqRg{RVEDEE:
Exanpl e in a manner such that the |layer of the curable resin contacted the
| C chip and the piece of the adhesive sheet covered the IC chip. After the
adhesi ve sheet was attached to the circuit substrate, the base material in
t he adhesi ve sheet was renoved and the renmaining coated circuit substrate
was irradiated by ultraviolet Iight at the side to which the adhesive
sheet was attached usi.ng a nmercury |lanp under the condition of an
- intensity of irradiation of 120 Wc bg}?istance between the |l anp and the
coated circuit substrate of 10 cm ané ime of irradiation of 10 seconds.

Thus, the—tayer—of—the-curableresin was cured and the IC chip was

protected. The |ayer oBendgngw®thlugsi n had Brplendiag JrRglys of 2.8 GPa.
(3) Lamnation treatnent The circuit substrate having an I C chip coated

with the protective |ayer gnich was obtained in (2) was subjected to the

| ami nati on treat ment phlaseEof at t helmAcHiondtt the legashingtion efccor dance

with the same 19 16 JULY aued rpgigcedur es afailddose condumtpmshrancé&xanpl e 1

(3). The results of the bending test ofomheuwmbttioned caftfdadich shown in

‘Table 1. Conparative Exanpl{&Ba)Wthout forming a prot aghbNed LRYRY on the IC

chip of the circuit substrate having an I C chip which was obtained in

Ref er enc ExarTPI ? t he Ian1'é1§t| on treatnent _wasS conducted i n accordance
Tante . 0/50

with the 0/50
Example 2 2.8 0/50 0/50
Comparative - 32/50 12/50
Example 1 '
Comparative - 24/50 3/50
Example 2

Note: In Comparative Example 2, the protective sheet alone had a bending
modulus of 0.7 GPa.
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procedures as those conducted in Exanple 1 (3). The results of the bending
, test of the obtained card are shown in Table 1. Conparative Exgnpj & Jod4

pi ece of a square of 6 mmwas punched out of a PET sheet having a
t hi ckness of 100 gm (t he bendi ng nodul us neasured in accordance with the
met hod of Japanese Industrial Standard K 7203): 0.7 GPa) and attached to
the IC chip of the circuit substrate having an | C chip which was obtained
in Reference Exanple as the protective sheet. The |am nation treatnment was
conducted in accordance with the sanme procedures as those conducted in
Example 1 (3). The results of the bending test of the obtained card are
shown in Table 1. 20 16 JULY 2004 Table 1 Bendi ng nodul us Bendi ng test of
circuit of layer of fraction of exam nation of <cured resin failed
appear ance comuni cation (fraction MLAINIGPa) cracked chips) Exanple 1 2.2
0/50 0/50 Exanple 2 2.8 0/50 0/50 Conparative - 32/50 12/50 Exanple 1
Conparative - 24/50 3/50 Exanple 2 '

1. A process for producing an IC chip having a proteétive layer which
process comprises attaching an adhesive sheet having a size of 100% to
200% of a size of the IC chip, to the upper face of the IC chip, said IC chip
being attached to a circuit substrate and said adhesive sheet comprising a
base material and a layer of a resin composition which is curable by
irradiation of an active light disposed on one face of the base material; said
attaching being accomplished under pressure in a manner such that the
layer of said resin composition contacts the face of the IC chip; and curing

the said resin composition by irradiation of an active light.

2. A process according to claim 1, wherein the thickness of the layer of the

curable resin is in the range of 30 to 70 p m.

3. A process according to claim 1, wherein the layer of a curable resin after

being cured has a bending modulus in the range of 2 to 5 Gpa.

4. A process according to claim 1, wherein the active light used to cure the

curable resin is ultraviolet light.

5. A process according to claim 1, wherein the base material is removed

from the layer of curable resin before the curing of curable resin.
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Note: In Conparative Exanple 2, the protective sheet al one had a bendi ng
nmodul us of 0.7 GPa. 21 16 JULY 2004 CLAIMS 1. A process for pjgdugivigogyq ! C
chip having a protective |ayer which process conprises attaching an
adhesi ve sheet having a size of 100%to 200%of a size of the ICchip, to
t he upper face of the I1C chip, said IC chip being attached to a circuit
substrate and said adhesi ve sheet conprising a base material and a | ayer

of a resin conposition which is curable by irradiation of an active |ight

di sposed ©n 4h ase.materi,al:.sajd,; attachin ing .

acconpl i sfﬁeﬁoﬁlﬁ)&‘éggf g(;srsdé?g ﬁgnagl%%hgpe%ﬁ%%bﬁéﬁy?%ﬁ 3 ﬁaﬁ%ﬁﬁflge':?g?d resin
conposi tic@ﬂl}ﬁ‘fﬁsaﬁ%,réﬁﬁaﬂea&?eﬂ{)a& ateGeRfli P; and curing the said resin
conposition by irradiation of an a frve Ti ght. 2. A process according to
claim1l1, wherein the thickness of the layer of the <curable resinis in the
range of 30 to 70 u m 3. A process according to claim1, wherein the |ayer
of a curdblA presess abt@dinpabngaiur edwhazeid bendhper BPAULEFLHIR fdas, range of
2 to 5 Gpa. 4. A process according to claim1, wherein the active |ight
used to CORILIRS awgpoky testbsin is ultraviolet light. 5. A process
according to claim1, wherein the base material is renoved fromthe |ayer
of curable resin before the curing of curable resin. 22 16 JULY 2004 6. A

rocess according to claim1, wherejn the |ayer of a curable- resin
P FX process accordfilng to ‘claim 1 further comgrlsmg laminating a sheet of

thermoplastic resin to the circuit substrate on which the IC chip having

the protective layer of the cured resin, is attached.
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cohprises an urethane (neth)acrylate resin. 7. A process according to claim
1, wherein the |ayer of a curable resin conprises an epoxy rfﬁi‘mﬂ_ﬁ o4
process according to claiml1 further conprising |amnating a sheet o?

t hernmopl astic resin to the circuit substrate on which the 1 C chip having
the protective |ayer of the cured resin, is attached. 23 16 JULY 2004
PROCESS FOR PRODUCI NG AN | C CHI P HAVI NG A PROTECTI VE LAYER ABSTRACT OF THE
DI SCLOSURE A process for producing an IC chip having a protective |ayer is
provi ded. oy t i Sj < rising a

. base mat e?ggﬁ%\%ﬁgif%g@ﬂ(g?ﬁﬁéﬁ JW@W&E@@&M%& t he
base material to at |east one face of an IC chip attached to a circuit
substrate under pressure in a manner such that the |ayer of a curable
resin contacts the face gigstrha d'EEhmurSier.O_gkhe | ayer of a curable
resin. A uniformprotective |layer having an accurate shape can be forned
on an ICchipin athin sheet 1Ccircuit such as an IC card efficiently in
a sinple operation so that formation of cracks in the I1C chip can be
prevent ed. Fl GQUREocEsgy for2 prdducing an IC chip having a protective layer is

provided. The process comprises attaching an adhesive sheet comprising
a base materialland a layer of a curable resin disposed on one face of the
base material to at least one face of an IC chip attached to a circuit
substrate under pressure in a manner such that the layer of a curable
resin contacts the face of the IC chip and curing the layer of a curable
resin.

A uniform protective layer having an accurate shape can be formed
on an IC chip in a thin sheet IC circuit such as an IC card efficiently in a
simple operation so that formation of cracks in the IC chip can be

prevented.

FIGURE: Fig. 2

24




