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 défvaegof Qé@t@m@,layercaﬁﬂ@r%%tﬁé%ﬁyaém BpeRe NI cal | y

used as trg?at%grtgsa %)(rag(!eas(s:ifglg pg'g&&/&lqtgiaorp ?b 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




116 JULY 2004 magnetic cards in the fields of credit cards, |ID cards,

. cashing cards and prepaid cards. The thickness of |IC chips i‘?sb*ﬂi%ﬁ&@ft

" ICcircuits including IC cards is decreasing as described above. wever,
t he decrease in the thickness of IC 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

~conventional structures for. protecti | C, chips. In the structure_shown in

Fi gure 1(8feneie cerds, FB'%eafti&éér&foCTPa&acaréﬁrEbr ¢ardspspshing qands gndrected -

wth a t%hafd%}redsél such as a foil of stainless steel which is disposed
: )

on the 1 &% via an adhesive layer 3. In the structure shown in Figure

1(b), an I C chj ; TR AT | [ cted with a
potting resi nh%pe @%hlégg]%ﬂa%e g\c}grt%%h?% c%{rg&ﬁsé?a%g??g%g Cgr‘iﬁi‘? qui d
t her noseti§ ideerda@shd 2§ deBerdBe/RbEROXY resin, followed by curing the resin by

heati ng. However, to formthe structure shown in Figure 1(a) in which the

IC chip is prEHtweved thetdeceawetial thelthickndst of ICNAGHS Sahyed HproerEt al
plate. having the size of the I1C chip or larger be prepared by punching
out of ainnttadrfhed 16t debs pleatls, tot be habkenne@onmtotbetptlad ¢hire ICoakipd, Wi t h an
adhesive and the coated netal plate be attached to the IC chip. Therefore,
this st stuaineeshskovwan dndiigutk IFaa andaFigure Jibbewvseufrentlyonsadng t he

structure  beq e S0P and Fiaure 1) Mhow sehomabic seotional views of 16
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



The structure shown in Figure 1(b) in which the ICchip is protected wth
a potting resin has drawbacks in that the resin which seal s thg jugy¥2464
JULY 2004 chip after being cured has an irregular shape and that the resin
has a considerable thickness. Therefore, it is difficult that a circuit
having the desired small thickness is obtained. SUVWARY OF THE | NVENTI ON
The present invention has an object to provide a process in accordance
with which a uniformprotective |ayer having an accurate shape can be

- .forned O?k@qa%rcﬁgifn{%: gt lqé%] a%hﬁ%gglk]%gtcék;ag) | Ei auﬁi%t 'e?g%ql(ig }ilz%sa{aﬂ e IC

efficien I'na si e operation so At on of

chi p can fHe«iREAVNBLRTLknERS, p*rﬁéﬁé}aré,%?@H‘Fﬁ@unf%tgf%ipmwhﬁiﬁg%%.sS for

producing an 1 C chip having a protective [ayer rocess conprises

at t achi ngegircd@dhasl vieickhesd ishibthiied si ze of 100%to 200% of a size of the
| C chip, to the upper face of the I1C chip, said IC chip being attached to

a circuit substrate and sai d adhesive sheet conprising a base material and
a layer of a resin conposition which is curable by irradiation of an
active light disposed orbUNEMAIRE Odf TiHHe IDAIENHBON i al ; said attaching

bei ng acconpl i shed under pressure_in a manner such that the |ayer of said
resin conposi tiben presardciBveniaon ghas ofint phiert tohinrovided acumioness tihe sai d
resin conposi,tion by.irradiation,of an active_light; (2) A process

accor di ngc¢gdange W#Qr hich e wHfoue, duotestive, dayer, davipg @me acewralBl e resin

e orSnAB0ags o B0nbd lalife bih if LIFCSRATCPLIDT shln (Pan YO &1 1 TN
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;




bei:ng cured has a bending nodulus in the range of 2 to 5 Gpa; 3 16 JULY

. 2004 (4) A process according to (1), wherein the active |ightggefy 9o6a' e
“the <curable resinis ultraviolet light; (5) A process according to ?1?
wherein the base material is renoved from the |ayer 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 according to (1), wherein the |ayer of a curable resin
conprises an epoxy resin; and (8) A process according to (1) further
conprising lamnating a sheet of thernoplastic resin to the circuit

substr at 1 t TN ¥ avyi . Ct; I t cured
resin, i 34};& gg%%l(%? I(){I‘E(Em%ggocg) P#}%egﬁﬁﬁ%{c%v@%uﬁ%ﬁ:oe% aﬁ%and

Fi gure 1ChraslaowssseaRraFiokaaidignal views of 1C chips exhibiting two

di fferent conventional structures for protecting the IC chips. Figure 2
shows a di agram exhibiting an exanple of the process for producing an IC
chip having a protective |ayer of the present invention. The nunbers in the
Fi gures KaVA piveetohiaridhng te &b mgsareir thé\ bake cuitersalbis treatoved: frém | C chi p

4 16 JULY 2004 3: An adhesive | ayer )
the layer of curable resin before the curing of curable resin;

(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




4: A nmetal plate 5: A potting resin 6: A layer of a curable resin 6': A

. layer of a cured resin 7: A base material 10: An adhesive shggt)yLy 2004

~ DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS I n the process for pr03u0| ng an | 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 limted and is suitably selected in accordance with
the application. For exanple, when the circuit substrate is used for an IC

card, a circuit su%tratﬁg h ing’ ?}n i nsul ati ng sheet is used and an
antenna coil and a irc 'Paﬁiltetg “™Af ch is nade of a conductive thin film
and used for disposj.ng e he menbers such as an IC chip and the Iike
are fornmed on the i4rrlsul al%‘?%%{ag%g%ﬁe. The insul ating sheet described above is

not particularly ligntedsagttihgngsi@ds the sheet has the electric insulating
property and can be suitably Selected frominsulating sheets

conventional ly useds:f or gilagad éf Solsdbl@késn for 1C cards. Exanples of the
i nsul ati ng sheet include insulating sheets nade of paper, wood naterials
and synt hetic resi i such lagempd ayeteyll sy pol yest ers, pol ypropyl ene,

pol yvinyl chloride, acrylic resins, polycarbonates, polyim des, epoxy
resins, urea resins)’ urebhasematsiritd and nel anine resins. Anpng these

i nsul ati ng sheets, flexiple sheets nade of polyesters are preferable and
flexible sheets madd of fg% fiyesiees 16 JULY 2004

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




terephthal ate are nore preferable. The thickness of the sheet is generally
_about 10 to 500 mand preferably 25 to 250 m The process forﬁgg@wgo@p

“antenna coil on the insulating sheet is not particularly limted and a

conventi onal process can be used. For exanple, a coil prepared by -w nding
an insul ated conductive wire in a flat planar formmmy be enbedded into
the insulating sheet; a conductive paste my be applied to the surface of
the insulating sheet in accordance with the silk screen printing process

B T o

surface o e I nsulati ng snhe

eteni ng Lo AOTRASOO NEHERA RelhhBlyf 55 8 B0 (@cor dance wi Lh the

| i t hography. The process ormng a circ pattern of an conductive

thin filmon thige ippsedsBlioRTo MBS ahSafinnaPadil bW intulldtTht &dhedPds 8
conventional process can be used. For exanple, a conductive netal foil

such as aatoppetiicilarly bimised adndriandond@tiomaly pbecesatdaac bedubsd.anFppsul ati ng
sheet; a thin filmof a conductive netal such as a thin filmof copper or
al um numerayle, & @obkgurepared by neiidang mg isisadttedreonductive avice imia fiat he vapor
deposition progess or the thermal spraying process and a circuit pattern
may be f GlaBar fyrmemay heerthedded jatp the msulating sheefs aqonductiveipalste he

| 'i t hography; ,or a conductive paste .be attached to the surface of the

i nsul at i ﬂ’@gg ﬂ’é’e?pﬁ’hefgé‘a&hﬁaﬁﬁga% ‘P%ﬁ%é‘l@lﬁféngsé?%ﬁnpﬁ“(‘rcﬁ%"ilwep?"é@éss to
forma citbﬁuﬁk gattern.. en_t he artlt ?nna coi | i} the.lci rcuit pattern is
formed wi'th &A= EOGHRTHENSRIECFH YALLTP Hh GEGRRA CQUHOF ft PR ess, the
conduct i yg; ri r.s a Il ver gowder ,a bi nder
resin, aféﬁfo g%ﬁ g?%e)?m a%%ggeﬁb\%%ﬁogﬁfﬁc? solfgi!rhe @%%%g%gh%e\ggh@%i%er resin
I's a res'a@lteﬂﬁaé ?Bﬁ Ba¥he BRMmeAShy BadhiRl thBFosnBa ldoAeiPe this Bk the

bi nder resin h
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




6 16 JULY 2004 the sane properties (such as the coefficient of thermal
expansi on and the degree of contraction) as those of the subﬁ]ggﬂ_qrfmt.
In. the present invention, an IC chip and, where necessary, other

el ectroni c menbers such as chip condensers are disposed on the circuit
substrate thus prepared. The method for disposing these nenbers is not
particularly limted and can be sel ected from convention nethods in
accordance with the situation. For exanple, the wire bonding nmethod or the
TAB nmet hod (the tape autonated bondi ng nmethod) may be used as the nethod
of bondi rféleaﬁﬁﬂéie dgoperies faiebers the coadficient uiftthenined rexpansivenahehe

el ectroni¢c nenber is dissposed on the substrate sheet. Alternatively, an
electric q%’&?ﬁ%ﬁ’ reptngetigny ag thysepfidesuhstrate sbieetui t substrate in

accordance wt e flip chip nmethod i jch the 1Cchip or the like is

flipped and diﬁ’eiﬁﬁ? Wrﬁﬁg%"cm\ger%tm’rﬁe‘léh \é\gm agdp gtharecnecessary,i gtheni p

- method i apl e si.nce the thi.ckne can be reduced. In_the present
inventi o?ﬁl Q‘%?{))]r?%t %(?tnil -l?/eersl %‘ffcé} aﬁo"ll}fﬂp | ST REeTS 9% ?Poéegc‘ﬁﬁ der @xewti s -

formed o of ' ttached to di.sposed on) the
circuit s%tlj%git;ﬂragt@g}w%ﬁ%e Fag éct?%%ﬁféat;ggg%gdfs e esteh%lga ap I?Pé?ge of the

| C chi p. phStioliPuly ORfsitod And QL8 BY_LABCRRORAT OLARHS |AYALoad B, general

an adhesive sheet conprising a base materi ayer 0

resin f ecomdleeieGoithi hecsibhatitie DESE efBERIE Hhd wirdt B&ﬁﬂﬁ% Ihgtlﬁéd Lfast -one

face of the IC chip under pressure in a manner such that "t ayer of a
curabl e theSiABaoetlast &he tapé antombitédbohinphinethddlemb @Ry usd &s €k abl e

resin is then cured without renmoving or after renoving the base material in
t he method of bonding an electronic member to the circuit substrate when 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 circuit 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



adhesi ve sheet and a protective layer is forned. As the nethod of curing,

i rradiation of an active light or irradiation of an active |ighat d
by 7 16 JULY 2004 heating may be used. Exanples of the base ng§g}“g?b®§£§
for the above adhesive sheet include paper such as gl assine paper, coated
paper and | am nated paper and various types of plastic filnms which are
coated with a releasing agent such as a silicone resin. The thickness of
the base material is not particularly limted and, in general, about 20 to

150 m a curable resin is cured by i rradi ati on of an
active IeasiemaRiR uild,

renoving the base material, it is inportant that a

base materialg Pﬂast 5@{1@%&%&&@@9& Y8ed i &hfthé Sa(})%%gda(ﬁﬁasﬁ sh&

material . For t ayer a curable resin |s osed on one face of the base
mat eri al m@uﬂ@spatpeqom bk 'g‘!é!sﬁﬁé PRy baoat@aqsia(}ﬁ;rl A %m@ﬂa&ﬂt b¥fed i ght or
a resin composition curable by heating is use t he above resin

conposi t iamdl cariabd eyins of pladtiatfilons ahicn agecoyind withhi ,reﬁal’sﬁ@ Ag&ONPosi tion
curable by irradiation of ultraviolet light is preferable. The resin
conposi t isunhcas ablslibyné mesiti.at Tha tfickhéssawf oibet bake gittéxahds not

parti cul arlgl I mted and can be suitably selected from conventional resin

conposi t PEH Clélﬁrrébhél rpdain genenalotbanttdGita lﬁ‘éﬂml ght In general, the
resin conposi bI e by ir iation of ultravio]et ht conprises a
phot opol ymer i Eﬁﬁ?ﬂ%’r B’F?gﬁﬁﬁﬁmlﬂércuf%f& %BP? lana%Ct%‘We mai n
conmponen er reactive d|| and '

.and d d
phot opol : yéﬁn?i‘rﬁe]ferﬁgg‘br&%oﬂ% gl 3al, . piiotSopBPYHaERT 7 ap?ﬂsg‘/”rrer and
pr epol ymﬁﬁaﬂe@ﬁl%cﬂ@?&ﬁ@ﬁh%%@ afc%{ve%ght 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




polymers and prepol yners of the radical polynerization type and the

. cationic polynerization type. The photopol ynerizabl e pol ynmer sq@ngiLy 2004
prepol yners of the radical polynerization type are conpounds %avi ng a

car bon- carbon doubl e bond such as urethane (neth)acryl ates, polyester 8 16

JULY 2004 (neth)acrylates, polyether (meth)acrylates, epoxy (neth)acryl ates

and conpounds having a carbon-carbon double bond in a side chain or in the

mai n chain of poly(meth) acrylic esters. The phot opol yneri zabl e pol yners

; cryl - The g :
ol yel oyl SHamDEedlalest GALARC CREIERIER, MpdAE R BGRTRRE. Sadl ey ol o
epoxy I esdoispolled £ hasid h%a‘i‘-lBQﬁé(:aEﬁéﬁ ISubRPBINd iR egie?ﬁé&igeop %?k type,

epoxy resins of the bisphenol A type, epoxy resins o | sphenol F type,

epoxy reshasn ehairhef pilyphetidhcARid snerandieoph ByhaMzaBlePolghdyl  group
in a side chain or in the main chain of poly(nmeth)acrylic esters. The

nol ecul aramkprépolpmersef photatiahiymelymahizetipaltype arassmpoepds YiRing i S
general ly about 2,000 to 2,000,000. The photopol yneri zabl e pol yner and
pr epol yneslyeidyl leroupesua gl polyether ebraddylat ipolyestet @lyadylspradicyEbianpl es of
the other resin described apove include vinyl resins ur et hane resins,
pol yest eréPOXyoreging. deaterqsyclic sppsr seskis, SRRy repiasi ofsthe npeelaketyipes,
esins aPoydaePr oSt SEPRRYl AdsBey Soup Hame ol Hh Bispbepel Brimer
Cont 12 S 0 T R Echoll AR Bl R o 10
glr ag}[)ir gl tg}t}gpaﬁp\éesircl%a&ﬂi\ﬂeop Lhuglt ohas Slfnf Wﬁ&lﬂ&e%)a%ﬁ\{é UsDs.

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, lauryll (meth)acrylate, stearyl (meth)acrylate, 1,4-

butanediol di{meth)acrylate, 1,6-hexanediol di(meth)acrylate, neopentyl




rigidity to the cured product in addition to the function as the reactive
~diluent. As the reactive diluent, any of nonofunctional reactqggtﬂb}ggﬂés

" and pol yfunctional reactive diluents can be used. Exanples of the reactive
di luent include cyclohexyl (neth)acrylate, 2-ethylhexyl (nmeth)acrylate,

l auryl (meth)acrylate, stearyl (neth)acrylate, 1,4- butanedi ol

di (neth)acryl ate, 1, 6-hexanedi ol di(neth)acrylate, neopentyl 9 16 JULY 2004
gl ycol di(neth)acryl ate, polyethylene glycol di(nmeth)acrylate, neopentyl

152 B S s DB AR
rr%)f(jln? o S oARR %ﬂ?ﬂ%@ﬁgﬁ%ﬁeg&gﬁ?@{ LA L
i et by B AERE AR R Sy (MR ERARIE, CHERIBRRYAR) Mot

di pent aergitibtR)abrilatd MEEd1YRa WAl SRt dtbaé &i(hﬁtﬂ)’eﬁ‘%%@% Cpkﬂ)%';)ﬁate

pentaerythritol tri(neth)acrylate, trinethylol propane met hyacryl ate

modi fi ed mbdifiaer efifth etkylkxedexide) cpdlabeyylodieichil)acryaees yasditrRidewith

di pentaerythritol penta(neth)acrylate nodified with propionic acid,

di pent aeraltstirgronip, Kikm¢tpatiydatey bmidfiad dvithpetttydene bhidd iHocyanurate,

hexa(met h) acryl ate nodi fi e.(z wi th caprol actone. The reactive_ diluent may be

used si ngrynethylalpzepsnndrileetblacrylater dinpnsacrsthmpol dilmtethircrylate,

Pt epol ymilEeBfRaHaiR cHRURpEDGRER I Eat PR Ge. MAEh UdEoBitER, mciBenzol n

rothy | e RIRERNN S AL SheL. PEREOLALRORLORY LSkhSTaDSTAR!
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-
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et her, acetophenone, di nmethyl am noacet ophenone, 2, 2-di nmet hoxy- 2-
phenyl acet ophenone, 2, 2-di et hoxy- 2- phenyl acet ophenone, 2-hydr 95YAY 2004

" net hyl - 1- phenyl propane-| -one, 1-hydroxycycl ohexyl phenyl ketone, 2-

met hyl - 1- [ 4- (et hyl t hi o) phenyl | - 2- nor phol i nopr opane- 1- one, 4-(2-

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

phenyl benzophenone, 4, 4'-diethylam nobenzophenone, dichloro- benzophenone,
2- met hyl ant hr aqui none, 2et hyl ant hraqui none, 2-tert- butyl ant hraqui none,

ot hyl £ i G TRSHERGopg, %F%?ﬁ]'f%%iﬁ%ﬁ?%h@?% 2 gieth “Lgaéﬁv%‘% #4 2,4
_ ! ik Bt Horie! 2,
and ot e i IER N, Hon B TR ik AL PRATRR, Tutb i Mol o ©

phot opol WR{ i 28tdRN b1 ty- MREtHyPAmiRShIBIOPALYATET | Zﬁg.&éﬁlgg@' YdFer ghand

prepol yners of the cationic polynmerization type inclu npounds ~ obt ai ned
from oni ywhsbtspelmasiateRtihitisterf R the iphdSopdlyRittidable Godemlct-ONindN i ons,
aromati c di azoniumions and aronmati ¢ i odoniumions and anions such as

t et r af | ugrrepolyaters hdxahé ucatimiios pohtrecrizhtizaf bywe onielnded nadrep aumilds

hexaf | uoroarsenate. Specific exanples include - met hoxybenzenedi azoni um
hexaf | uorobpaidsghdirem dinpkery| $wdo as haxahhtior spHosphmt doasd aromatic

tri phenyl sul foni um hexafl uoroantjnonate. .In the present .invention, a liquid
conposi t ioé‘ﬁs‘f‘]é?md’é‘&tlpﬂﬁ’ TEHPRIS [ HPzoRHE aw&/énde%ﬁqm%%%wiqmu@h 1§ abl e by

oot o of i Vel O | AR el LSRR R e

??s/i ﬁl sg th%‘é‘??ﬁ!‘ggg%’#gmiﬁ’g%?ée) éggf&%ﬁhggoa{%gﬂg & (gpéckl}t?c ngﬁrpkgsf ilfci.'fdecur ed
p-methoxybenzenediazonium hexafluorophosphate, diphenyliodo
hexafluorophosphate and triphenylsﬁlfonium hexafluorcantimonate.

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§ aleohols 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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contraction of the volunme and enhance the heat resistance. Exanples of the

sol vent which is used where necessary include aliphatic hydr¢sgupgsogd/ch

as hexane, heptane and cycl ohexane; aromatic hydrocarbons such as tol uene

and xyl ene; hal ogenat ed hydrocarbons such as nethyl ene chloride and

et hyl ene chloride; al cohols such as nethanol, ethanol, propanol and

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

i sophorone; esters such as ethyl acetate and butyl acetate; and cell osol ve

arum na. SR Aol & sPtinRc f oelRRAER. Bute L oy lone"bp SBEHEGIGH 1 ne
prepar ed cbirjids gtla& & %Qtﬁsa@0$rcem9&¢téﬁ@ & HRORIAR)Y Sl | CLl AT Y

limted as as t i on can be use or coat |ng and can

be sui taabyoﬂ@n@@tvﬁ@hrtﬂe Sm@mﬁ@nce with the situation. In the present
I nvention, the liquid conposition for coating conprising the resin

conposi tion cdnalthe hyesentadneentionoftlan a@iidveogbditibs f@PRIdagthg 0 one
face of the base material described above to coat the face in accordance
‘Wi th a coomgmising the sesigasomypdsiten cheallarbycioras diagiont dfearkadtiee lighaitd ng, t he
roll coating, the blade coating, the die coating and the gravure coating.

A coati ngpp%p thtoreciage @ the biase mazterial dleshehed abete tTicast the fdceyier of t he
curable resin is forped and the desired adhesive sheet is obtained. The

t hi cknes&C¢Hr &Pﬁ‘ée IWEE a GPNYation RIBFRSS 84t aﬁsth§eb%’€:tc@#m§e15@ &oafe in the

or of or anFyihe: (i riliplre 58 tan SoptiRee e Tienatioend fle e p 1 <
~general | Xoé‘tt}ﬂg.t iocéa(%u}g %l@ 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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It>is preferable that the bending nodulus of the |layer of the curable

resin after being cured (the layer of the cured resin) is in y§guLang6o#f
1.0 to 30 GPa. When the bending nodulus is smaller than 1.0 GPa, there is
the possibility that the protective effect on the I1C chip is not
sufficiently exhibited. Wen the bendi ng nodul us exceeds 30 GPa, the |ayer
of the <cured resin becones brittle. The bending nodulus is nore preferably
in the range of 1.5 to 15 GPa and nost preferably in the range of 2 to 5

Gha 1 OTBARBAN 6 2 M chERC PN IR HSE Rh HPEH DS B od Pe cur ed

resin i s neasure accor dance w the ne €scCri

Bendi ng_Taidpoabd 1980 dheRiAtiit Gibstihte ARABE St diUSL 4 Bhath8N0RL

7203-1982. I'n the process o e present invention, esive s

prepar ed ths ldged 6f SR Yurdé rsiscédniagtsadRvRck of 8hé dchatdp! OTak digast one
face of the IC chip attached to (disposed on) the circuit substrate under

pressur e tha adhwsivne sheat is tvatpartivelddy dimdfedt he long all the eRleniscely act s t he
face of the IC chip. The size of the adhesive sheet is not particularly
limted semeomg ap langersitheni thet lobject aofethe ootdchioger Tthin prhetietifyect of
the protectijon, S practicallg@zgreferable that the size is 100 to 200%

It
and nor e PEeterablaihatiibe gee 15409 PHeand morgfprefrrably 400 t@f1f509(eof
tectiop. | l.,, .t size ,of.an IL.C chip js. a.square_of 5 mm or
Crral 1 or . ORR RIS it ER THRESChitfos 7S iigeh tha SBae IS ABRRE | 1 ¢ he
bove is i i an Ive light to cure the |ayer of the curable
?es;/n Ivm?t%déga&e%’tg?é\?%artsﬁgﬁg%%e material or after renoving the base

wtesrei al and ai‘ﬂé’“yerqlﬁﬁ ttoh%h?dﬂ ﬁge %ﬁﬁl&&v@ssl{e@@ }férsof)ge(i{ h¥t%ci13&%§1 .hse formed.

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.
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necessary, the layer of the curable resin may be prelimnarily cured by
_drradiating an active light and may then be cured by heating ﬁgdtﬁhﬂ2€b4
~protective layer of the cured resin. In the process of curing by
irradiation of an active light, ultraviolet 1light is preferable as the
active light. Utraviolet light can be obtained froma high voltage
mercury lanp, a fusion Hlanp or a xenon lanp. Wen the irradiation is
conducted wi thout renoving the base naterial, the IC chip is irradiated by

| t iolet Ii h ' f t b .mat eri,al i nce .a,base materi al
;J ra:lg\r/n! ? t iGng {j@ﬁ %’é@%l%f‘%ferf‘z)fgﬁ{&?%m@ eeﬁgs'slaﬂér?uf'ﬁ a8 q%lﬁﬁ%ﬁfiia&%‘?"gsﬂ&eondul:t ed
ft th | ' 4r rnesin can be
o1 adi ot QraRalBHANEY HeboniRINIhoh tfe bAE bndleridl e o GH R bz

i rradi at itBe, lodiinabiod sidatinti ddRpibati Bied s Ebﬁduét%(i?e e ﬂaQn{rfb&ﬁ)qp Wemis

preferable and a time of irradiation in the range of 0.1 second to 10

m nutes itsestufidnicimay . bd Scakfilubtid’ RROGuAS tephoting thy esuldfirddee wHeAb! € resin
is cured as described above, the base nmaterial nay be renoved when the
base mat elesitledi s still attached and the |anination treatment described
| ater is conducted. The lam nation treatnment nmay be conducted w thout
removing the JUBYre &t showinhardiaguusi ¢xdubithrgancexpmhlowst thedpameasf@xhi bi ting
"ayer of PERRUHREGEI iR R e R EROSEEpL1aTer of fhfybresont ARt e resi n 6
repared. I n SRR b3, IAeEArEERTPIe chdn ¢ IOrEitd dhphe f et spper f ace
of an | Coehinid PhhReeHAQidSLRaISRfs prepared. In step (b), the adhesive
sheet 10 is attached to the upper face of an IC chip 2 attached to (disposed
on) a circuit substrate 1 under pressure in a manneyr 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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on) a circuit substrate |I under pressure in-a nmanner such that the | ayer of
. acurable resin 6 contacts the upper face of the I1C chip 2. 'WG?ﬂﬁPVéﬁb

the base material 7 is renoved. In the following step (d), the layer o
curable resin 6 is cured by irradiation of an active light and a |ayer of
a cured resin 6 is forned as the protective layer. In the process shown in
Figure 2, the layer of a curable resin 6 is cured after the base materi al
7 is renoved. Alternatively, the layer of a curable resin 6 may be cured

D o 2Rl @ AN |HY gL o PN RG D ESS TSR AL

Then, the T'am nat| t'reat nen d@® Ph Fi gure
2) may b%e%@é’tﬂtl?ﬂ?@n@tﬂ&fm&%ﬁ@& B¢ heraﬂ‘cr'lgjasffov@@‘}&r itf{ Sp?re?é’ra‘ﬁflet folt, removi ng
the base material. In general, a sheet of a thernd Crest hgs

| ani nat edhicot tfex thérhohlassidhebinngad oMihe @aﬂ@ ni&esiylpash E
protective layer of the <cured resin is disposed. As the a ove sheet of a

t her nopl dassukaties sheetauseghizetheodirauit hebanpltass used asithe e @hebhef SaMe
material as or a different material fromthe nmaterial of the insulating
sheet useadthermédastic cesin framlhelitavidpony of thshtr adlscsimy. bAswhedhast | ong as
the sheet of a thernoplastic resin can be sealed to the insulating sheet
by heati if.2 fRriEenlastie rpging acthaesinf @ thermoplasiie sesinrhavingexeelentt i
resin madﬁ me material .as,that of the insulating sheet used in

the circi ?&g’t?bjéltslui? ngé’rﬂgﬁﬁyaé“ghé%emﬁ?éé{m%ﬁn a@ tIGEHARIV oW ¢ resin
Lo " S RORRyclb ASAB, SRR B SRR
seal ﬁ;' %%ﬁ%%ﬁ? b P S L S N R T
acrylic 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.
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sheets of polyethyl ene, polyesters, polypropylene, polyvinyl chloride,

. acrylic resins, polycarbonates and pol yurethanes. Anpbng theseisheg¥s2004

" sheets of polyesters are preferable and sheets of polyethyl ene
terephthal ate are nore preferable. In the above |lam nation, the circuit
substrate and the sheet of a thernoplastic resin may be |lam nated via a

| ayer of an adhesive resin, where desired. The advantages of the process
for producing an IC chip having a protective |ayer of the present invention
can be summarized as follows: (1) A uniformand thin protective |ayer for
an | C chip having an accurate shape can be fornmed in accordance with a

sinple operation. (2) Handling, s g@ﬁ nsportation, of a circuit
substrate having an IC chip can %e aglLﬁstaat ed when a substrate is

attached to a ThOURGELNE inka)BbnOkiR BET 8RRl mérd) %@&%ﬁu&{)w@ﬁwed
resin of the sanme type or different types can be forned on't aces of an

I C chi p atfaehed tt examplecisi theflibiwiage Fowher, hOpesdeny Sntaygss is (4)
Formation of ¢racks in an IC chip in a thin sheet I1C circuit such as an IC
card can nsé Iphiteditowtbkexpredent ed. 15 16 JULY 2004 EXAMPLES The present

i nvention wll _be described nore specifically with reference to exanples in
the foll owi ng. Thphending terkobn daxern of moered xesin endridie Handing destofiehe

- exanpl es. . The bending,test .of a |layer of a cured resin and the bending test
of a ci F&?Wt‘ﬁ(é?“’ec%‘g%%@ éa aicﬁoréJ@é’G?d‘é%ﬁhéh@\anl‘?W‘f’W pethedd.ng net hods.

(1) Bending test of a layer of a cured resin

In accordance with the same procedures as those conducted in
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.
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(1) Bending test of a layer of a cured resin In accordance with the sane

. procedures as those conducted in Exanples, a |layer of a cureqgyegiyneg@yi ng
"~ the sane thickness as that in Exanples was prepared separately. The

bendi ng nodul us of the prepared |ayer was neasured in accordance with the
met hod described in "Method of Bending Test of Hard Plastics" of Japanese
I ndustrial Standard K 7203-1982. (2) Bending test of a circuit Fifty test
pi eces were used for each test. Circuits treated by the [|amnation were
used as t (TR @i ecez. After the test pieces were subjected to the

bendi ng t ST Cactordance with the nethod of Japanese Industrial Standard

X 6305, the tegt..ni ﬁﬁ%% o nication test using a

Bgader sp%{if ??:a ﬂ‘/ﬁ g%@Pé\%:élge ﬁ(#g éﬂiﬁaﬂé& Ibgtﬁ@%ﬁﬁfé)&tﬁ?@da896$§;{_§PS
any. : |

no[rprral ?/y vaas ﬁ;;ﬂﬁt%erf 0#1? Péigjp’)%g‘?g%‘ée g?&%%%aattagﬁg? cﬁlhg ?\%‘Q’iﬂ stal | y

exani ned thidkeRE I @h withsd silveCpgstay MotHy pepade ¢ Rirajmamgaunat ed and
the faction of cracked chips was obtained. 16 16 JULY 2004 Reference
Exanpl e A MYFAIR Bihdtip abenwsctprepdyeBHILIPS Goirithry (@isquasd togrm and a
circuit pattern on a pol yethyl ene terephthalate (PET) fil mhaving a

t hi cknesduwf e phickinessa 120] yay) past attathed heiapmepanésbteopic electibst r at e,
a MYFAIR I C_chi.p nufactured by PHI LIPS Conpany (a square of 5 nm the
t hi cknes§onduetivefilygeand arcarpdbsybsiraie h«ﬁvmamﬁ@@hw sasrdhgained.

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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conductive filmand a circuit substrate having an I C chip was obtai ned.

. Exanple | (1) Preparation of an adhesive sheet To 100 parts bygyeL¥oef an
" urethane acrylate having a weight- average nol ecul ar wei ght of 10,000 as

t he phot opol yneri zabl e prepol yner, 100 parts by wei ght of

di pentaerythritol diacrylate as the reactive diluent and 5 parts by wei ght
of benzophenone as the photopol ynerization initiator were added. To the

- obtai ned m xture, 305 parts by weight of ethyl acetate was added and a

R R R e e A %%'éliia??ﬁé
h
coat  ng. UG KRS AR ERRLTNO ki IF sRRMRLL. A asﬁ%é%‘%ﬁ?sﬁ'léhi’% 100" C

for 3 m neesdpdian s?ﬁ@?sbv‘é‘% %Qﬁ%tfedhﬁﬁﬂngh@ L ENainif % %o&férfda ﬁ"]uréFS' n

having a thickness of 45 um was prepared (2) Protectfion o chip A

pi ece of smbsgraeewat Bradiated tguriﬂﬁfaduqe% lfghtt bt thdheRlieV ey SHeRh iy epar ed
in (1). The obtained piece of the adhesive sheet was attached to the

circuit sudissiat shdwwrag atitnched alsipg whinehcwgslaahys anded the cRafigiqnss

Exanple in a manner such that the |layer of the curable resin contacted the
17 16 Julan poeasitg afhirpadiationtnd 18CW ey, at distanitecbétreeshtlet Ixnnpermt the | C
chi p. Aftﬁ;3 t he _ adhesi ve sheet was attached to the circuit substrate, the

base nat dPP&Pated cirgait syhspieohemn apd atine véirradintioneof taeosndg. coat ed
cLrCULL ARt Gl 5,8 LAl aLad, b L el L g sl el to o
of 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 oﬁtained 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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i i i iati ' i the |l anp and
; sity of irradiation of 120 Wcm a di stance between
?Eel ggg?eh %:/i rcuit substrate of 10 cmand a tine of irradi atlmJQﬁ_Ylﬂ?]Q4
" seconds. Thus, the | ayer of the curable resin was cured and the lC]E: |2p2
was protected. The layer of the cured resin had a bending nodul us o 22
GPa. (3) Lamnating treatment A PET film havi ng a thi ?kggss \C/)v;sSgt '[nachlag
| ayer of a ol yester resin having a thickness o m .
Pgdt ﬁe ciyrcuit suEstrate having an I C chip coated with thfe ELgt Ie(c::t LXiep -
2 ranner sugh thar e hoBdepha® dithe BRGBOUEREHSn taiieRe TRt ul
a manner such that e lay _
' n i passihg .th
subst rat e ahted. helo lthei slhien] higabLAEN 5 roﬁﬁﬁwﬁ%ﬂgéf tn%e%gcfthiz o

i ned product between silicone rubb_er _
?te)tsﬁ: ? g oﬁsqtnge tverrdidded ead adﬁqmﬂdecr?@bp@iﬂeﬁ fgﬁ%ﬁ%ﬁ%ﬁ%@ﬁ@%%ﬁt lbf R
1) Preparation of an adhesive shee _
Eﬁgg: encz)vc()I Zak éeg tace efie PKE Hhm (2 base agaemmml(a?tﬁfg n%ﬁlggflgﬁgﬁm%%?png ng
' ' licyclic epoxy resin en cul : X
Phe: epony YRR Bt Stntbddox relcnBaeith & odiomeonpis WhiQDatckDnpl (5 by
[ : [ [ hexaf | uor ophosphat e
wei ght of .- Kt benzene 18.16 JULY 2004 di azoni um _ _
thegphot oggfj%??)zigqc lgﬁomﬁqsﬂté?%fowtl%&lﬁémg Fdknifecastteni nEhle rbatedr e, 150

' d a liquid conposition
ts b . I yl )i s .added an id _

1P g: coa%/i \rl?gbalar%agérré%g% .d%%@ q*tagzégo(?r}gr \Igg?“flPF‘?ﬁ endar adhessre sheethavi ng a
thi cknesshavis8ahyer of curable resin having a thickness of 60 um 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 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 waé 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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~whi ch had been treated for releasing with a silicone resin was coated with
. the above liquid conposition for coating using a knife coaterqg (g Y200£d
base naterial was dried at 100C for 3 m nutes and an adhesi ve sheet having
a layer of curable resin having a thickness of 60 mwas prepared. (2)
Protection of an IC chip A piece of a square of 6 mmwas punched out of the
adhesi ve sheet prepared in (1). The obtained piece of the adhesive sheet
was attached to the circuit substrate having an I C chip which was obtai ned

in Refer ediRXe By thdse c@nﬂﬁ@ﬂ’é@ﬁrﬁﬂﬁ@mb‘ﬂ@ﬁ (ghe |layer of the curable resin
contacted the |1C chip and the piece of "'the adhesive sheet covered the IC

chip. After tHEhe adbekive thedeinding wRit a€hbd dRathal eifEuird HeRst fate. the
base material in the adhesive sheet was renoved and the renai ni ng coated

circuit Haldstl.ate was irradiated by ultraviolet |ight at the side to which
the adhesive sheet was attached using a nercury |lanp under the condition
of an intensity of irradiation of 120 Wcm a di stance between the | anp
and theéoated circuit substrate of 10 cmand a time of irradiation of 10
seconds. %H%Fattlﬁ%%ﬁxéwledf the curable resin was cured and the IC chip

. was protecteds..The | ayer. of the cuyred,resin had bendi ng nodul us of 2.8
GPa. (3) Lani St f‘l)ryfﬁja’({lﬁe%pr?ﬁeec%b"ier_&ﬂe[r Ry rggecefﬁﬁvi’ ghayeiregithi p

coated w ' r i . . yWhi ch s. obtained in S subj ected
Co the | aovaaree BRbE hAG gkl b SR ReF oo FRborideciey 1 n
accor danggmihhfiohhe 9 J 0 a 0se _conducted in
- Exanple 1 1(113). ‘(I)'he f%fﬁ%‘gt 0 th@r*bﬁé%g%g ezg@gg(?g%?esvggj?‘ aﬁ%&d S8 are
shown i nprocedures 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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Tabl e 1. Conparative Exanple 1 Wthout formng a protective layer on the IC
. Chip of the circuit substrate having an IC chip which was objgijgs bfo4

Ref erence Exanple, the [|am nation treatnent was conducted in accordance
with the sane procedures as those conducted in Exanple 1 (3). The results
of the bending test of the obtained card are shown in Table 1. Conparative
Exanple 2 A piece of a square of 6 mmwas punched out of a PET sheet having
a thickness 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 1C chip of the circuit substratﬁ‘gf Lng an I C chip which was obtained

in Reference Exanple as the protect 9"% eet The Ianlnatlon treat nent was
conduct ed Ay » ) i
Exanpl e 1 (3). The feslﬂe’hﬁh@é nidnﬁﬂuQeHdI ng mﬁlﬁé tééﬂ%f%ﬂfcﬁkﬂ“w card are
shown in Table 1. 20 16 JULY 2004 Table 1 Bendi ng nodul us Bendlng test of
circuit of layer of fractlgf of exanlnatlon of  cured resrm farted

appear ance conmuni cation @ aé’@ﬂ"l n of (&psioarafcked eepripatioamfle 1 2.2

0/50 0/50 Exanple 2 2.8 GBedaesa failed appearance
communication (fraction of
(GPa) cracked chips)
Example 1 ' 2.2 0/60 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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Conparative - 32/50 12/50 Exanple 1 Conparative - 24/50 3/50 Exanple 2
., Note: In Conparative Exanple 2, the protective sheet alone haqisg U 9604
nmodul us of 0.7 GPa. 21 16 JULY 2004 CLAIMS 1. A process for producing an IC
chip having a protective |layer which process conprises attaching an
adhesi ve 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 sai d 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 on one face of the base material; said attaching being
acconpl i shed under pressure in a manner such that the |ayer of said resin
conposition contacts the face of the I1C chip; and curing the said resin
conposition by irradiation of an addii.ABJviS 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 curable resin after being cured has a bending nodulus in the range of
2 to 5 Gph. A4protess deeswoductnalngl€ chipahaving alwrosectivddapmt widchi ght
used to cure the curable resin is ultraviolet Ilght 5. A grocess
accor di nd®%°6°H 8?%1’139\%{‘?&?5%‘? ngan pakbesingt et havingeamies of 110K toe | ayer

of cur ablﬁ)d%‘s'f% st%% %K_“%hé Ii% c ur’l &gtl?ef uﬁgéf?‘ a{c% orfei‘:ier}c 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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22716 JULY 2004 6. A process according to claim1l, wherein the |ayer of a
curable- resin conprises an urethane (neth)acrylate resin. 746 AUINO5664
according to claim1l, wherein the |ayer of a curable resin conprises an
epoxy resin. 8. A process according to claim1l further conprising

| am nating a sheet of thernoplastic resin to the circuit substrate on
which the I1C chip having the protective layer of the cured resin, is
attached. 23 16 JULY 2004 PROCESS FOR PRODUCI NG AN | C CHI P HAVI NG A

chi p havi i & B ot ear U Payer ot by e O diesBeecubiilp Gld ° '
at t achi ngzoﬁibl"i‘é’é}:ea?ﬁ\(ﬁeﬁfﬁ?et(ﬁ@@ééﬁﬂ?@tﬁ%xpase material and a |ayer of a

curabl e resi'n di sposed on one ‘base material to at | east 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
chi p and Tcuhimgcedre abeyrdingitoaclaithab) erhetreisi bhe Aaydd bPNLRFA1BGIsKE | ayer
having an accurate shape can be forned on an ICchip in a thin sheet IC
circuit $QEpTAZesHn ppoxaresinfficiently in a sinple operation so that
formati on of cracks in the I1C chip can be prevented. FIGURE= Fig. 2 24

8. A process according to claim 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, is attached.
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