; €3ex4P6$Tx0%-C - 1 RESIN COVPCSI TI ON, ADHESI VE FI LM FOR SENICONDUCTOR,/C
DEVI CE, AND LAM NATED FI LM W TH METALLI C FO L AND SEM CONDUCTOR DEVI CE
USING THE SAME 1. Field of the Invention The present invention relates to
resin conpositions and particularly to resin conpositions used for

sem conduct or devi ces, which nust have excellent electrical and nechani cal
characteristics. Specifically, the present invention relates to an adhesive
used for sem conductor devices. Mre specifically, the present invention
relates to an adhesive filmused in tape automated bonding (TAB), which is
a nethod for packagi ng sem conductor devices, to an adhesive sheet used for
bondi ng sem conductor integrated circuits to an interposer, which is a

subst r at exfiQiNCOBREBLTRYORE ThOARMNGEOLTLN SERALEAELIBHDR bRvaLdSr (o

package the circuits by w fe bonding, to a sem conductor devicé using

the adhesi vy i1 A0 AN sh &Lty %I@WTMEW 311 heniRes i eeofbsctdr gener al

as anbi ent tenperature increases, resin nolecul es becone active, so that
the Il ength and the vol une OkﬁﬁﬁtEfﬁﬂfNGrmﬂﬁaﬁﬂm@nd t he el astic nodul us
deteriorates. Resin conpositions whose size and el astic nodulus easily

BACKGROUND OF THE INVENTION \\“\\\\\\\\\\\\\\\\\“\\\\“\\“\\\\\\\

*G00002*

1. Field of the Invention

The present invention relates to resin compositions and
particularly to resin compositions used for semiconductor
devices, which must have excellent electrical and mechanical
characteristics. Specifically, the present invention
relates to an adhesive used for semiconductor devices. More
specifically, the present invention relates to an adhesive
film used in tape automated bonding (TAB), which is a method
for packaging semiconductor devices, to an adhesive sheet
used for bonding semiconductor integrated circuits to an
interposer, which is a substrate for connecting
semiconductor integrated circuits, in order to package the
circuits by wire bonding, and tc a semiconductor device
using the adhesive film and sheet.
2. Description of the Related Art

In general, as ambient temperature increases, resin
molecules become active, so that the length and the volume
of the resin increase and the elastic modulus deteriorates.

Resin compositions whose size and elastic modulus easily

T
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- 2 change, traditionally, cannot be used in high-precision processing.

Al so, when a resin conposition lamnated with a different material, such
as, nmetals or ceramcs, is subjected to, for exanple, a heat cycle test in
whi ch heating and cooling are repeated, the difference between the therma
expansi on coefficients of the resin conposition and the different materials
causes an internal stress and degrades elasticity. As a result, the
adhesi on between the |am nated | ayers is degraded and, in sone cases,

del ami nation occurs. In addition, resit ctonpositions used as adhesives for
sem conductor devices are required to have sufficient adhesi on even under
conditions during the heat cycle test and reflow soldering. It is known

that deggadhng, theselasthg: IdubUsngt bbeutes! InoRIBAShELORS; bACT eases the

adhesi on e resin conpos tions. However, this S to an increased
thermal expanssofgcoek{ici epheand EQ@iﬁ'éé%%@sﬂ@ﬁ&ﬁg§am§n§t98'&i@ﬁ”&'y
reduced at high tenperature. As a result, the adhesion is degraded and the

sol der reffpur-&esiBhodscals PEOK. a8 hbBEaOther Bapgmits, ofder to reduce the
t hermal expansion coefficient and to increase the elastic nodulus of the

resin cogpiopettoOfstof heoer ossmpiaki Aghdeostiylef tébe feswhRiepnpositions is
i ncreased or a hard structure, such as benzene ring, is introduced. These
nmet hods &t &fid eshdveodbing-aBe rapeetsd, t heeelhsteécenodubaswbah tioenot
sufficiently reduce the thermal expansion coefficient. As a result,

shri nkagehemalréxganéichecoesinctenpssofi bhe rasipasempositnah shdess and
the increased elastic nodulus easily causes brittle fracture to occur in

t he adhesheedi&fénenonpasériahs Fhusest hr adhesnah sfrehe aedin
conpositions is degraded, Al so, in another nethod, glass fiber, inorganic
particl ede@tadesi ebasbkidey- orAshe rerelbrethéidedhesdianrlestviepnt eheal whose
el astic nodulus is_low at roomtenperature to reduce the thermal expansion
coef fi ci €¥PLaRECE ol RYiRFRase fR8rafadt ARAnpdlI §SMat CAFYR, t enperature of the
resin coqgosition, However, in thiaglnstance, a lar nt of inorganic

componerfie hATLNEbL B SHGRHS - antn cBRGELHERt | SRR BPBRGREF ORRB! 8P Fani ¢
components is relativ I¥ reducedéi s thgt t he resultin?.reaig C npo;ition
beconos. B i FR1eS BRTSt 8! alRBLPOHCBE CPheCr BoF RO conpoSF arbRers i BRTFI cant | y
degr aded, , SUMARY. OFTHE LAVENT) 0N Aceocdingl y.,8n.0bi g6t gL §he,present
invention ' 1s To provide a |gﬁ?y adhesi ve resin conposi ti on having a high

soIder-rﬁ%%g¥hgggﬁﬁ%§%cgeff?&pggig§£gggaexpansion coefficient, and a high

el astic resent inventionis directed to a resin conposition

conprising: & '6ssq<r§cﬁnﬁraﬁtoraé§fw£r&r§aetm@vcéws c | East1 jao, phases; and
inorgani c particles having a nean primary particle size of 0.1 ~mor |ess.
resin compositions increases the adhesion of the resin
compositions. However, this leads to an increased thermal
expansion coefficient and the elastic modulus is
significantly reduced at high temperature. As a result, the
adhesion is degraded and the solder reflow resistance is
poor.
On the other hand, in order to reduce the thermal
expansion coefficient and to increase the elastic modulus of
the resin compositions, the cross-linking density of the

resin compositions is increased or a hard structure, such as

benzene ring, is introduced. These methods are effective to



- 4 The content of the inorganic particles may be in the range of 5 to 50
wei ght percent. Preferably, the phase separation structure conprises a
matri x phase and a di sperse phase. Preferably, the inorganic particles are
mainly present in either the matri x phase or the disperse phase.
Alternatively, the inorganic particles may be mainly present in the

I nterface between the matri x phase and the di sperse phase. Preferably, at

| east one of the matri x phase and the disperse phase forns a chain
structure. Preferably, the area ratio3of the matrix phase is in the range
of 50 to 95 and the area ratio of the disperse

increase the elastic modulus but do not sufficiently reduce
the thermal expansion coefficient. As a result, shrinkage
on curing of the resin compositions increase internal stress
and the increased elastic modulus easily causes brittle
fracture to occur in the adhesive resin composition. Thus,
the adhesion of the resin compositions is degraded. Also, in
another method, glass fiber, inorganic particles of silicon
oxide, or the like are added to a resin material whose
elastic modulus is low at room temperature to reduce the
thermal expansion coefficient and to increase the elastic
modulus at high temperature of the resin composition.
However, in this instance, a large amount of inorganic
component have to be added, and consequently the proportion
of organic components is relatively reduced, so that the
resulting resin composition becomes brittle and the adhesion
of the resin composition is significantly degraded.
SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide a highly adhesive resin composition having a high
solder-reflow resistance, a low thermal expansion
coefficient, and a high elastic modulus.

The present invention is directed to a resin
composition comprising: a phase separation structure having
at least two phases; and inorganic particles having a mean

primary particle size of 0.1 um or less.



phase is in the range of 5 to 50. Preferably, the elastic nodulus of the
resin conposition after being cured is 25 MPa or nore at a tenperature of
150C. Preferably, the ratio of the elastic nodulus of the resin conposition
at 30Cto the elastic nodulus at 150C is 30 or |less. The present invention
Is also directed to an adhesive filmfor sem conductor devices. The
adhesive fil mconprises an organic insulating |ayer and an adhesive | ayer
formed on a surface of the organic insulating |ayer. The adhesive | ayer
conprises the resin conposition described above. - 5 The adhesive film
may further conprise a protective |ayer capable of being peeled. The
present invention is also directed to a netallic

The content of the inorganic particles may be in the
range of 5 to 50 weight percent.

Preferably, the phase separation structure comprises a
matrix phase and a disperse phase.

Preferably, the inorganic particles are mainly present
in either the matrix phase or the disperse phase.

Alternatively, the inorganic particles may be mainly
present in the interface between the matrix phase and the
disperse phase.

Preferably, at least one of the matrix phase and the
disperse phase forms a chain structure.

Preferably, the area ratio of the matrix phase is in
the range of 50 to 95 and the area ratio of the disperse
phase is in the range of 5 to 50.

Preferably, the elastic modulus of the resin
composition after being cured is 25 MPa or more at a
temperature of 150°C.

Preferably, the ratio of the elastic modulus of the
resin composition at 30°C to the elastic modulus at 150°C is
30 or less.

The present inventicon is also directed to an adhesive
film for semiconductor devices. The adhesive film comprises
an organic insulating layer and an adhesive layer formed on
a surface of the organic insulating layer. The adhesive

layer comprises the resin composition described above.



foil-lamnated fil mconprising the above-descri bed adhesive filmand a

nmetallic foil Iamnated on the adhesive | ayer of the adhesive film The
present invention is also directed to a sen conductor device conprising the
metallic foil-lamnated film By using the resin conposition of the present

i nvention, which has a | ow thermal expansion coefficient and a high elastic
nodul us, as an adhesive for sem conductor devices, a sem conductor device

i ncl udi ng an adhesi ve | ayer having excellent refl ow sol dering resistance
and adhesi on can be achi eved. DESCRIPTP ON OF THE PREFERRED EMBODI MENTS A
resin conposition of the present invention has a phase separation structure
between at | east two phases and contains inorganic particles having a nean

primary partigle siss 0fe Ori WMoy #888ne JNeohOL SN Copafdiel gs are not
limted to being spherical but nay be elliptical, flake, rod-Iike, or

fibrous.1J3hernBaPaPLENBEYLRBRYGI gbe18hze of the inorganic particles is 0.1
umor less and preferably in the range of 1

The present invention is also directed to a metallic
foil-laminated film comprising the above-described adhesive
film and a metallic foil laminated on the adhesive layer of
the adhesive film.

The present invention is also directed to a
semiconductor device comprising the metallic foil-laminated
film.

By using the resin composition of the present
invention, which has a low thermal expansion coefficient and
a high elastic modulus, as an adhesive for semiconductor
devices, a semiconductor device including an adhesive layer
having excellent reflow soldering resistance and adhesion

can be achieved.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A resin composition of the present invention has a
phase separation structure between at least two phases and
contains inorganic particles having a mean primary particle
size of 0.1 um or less.

The inorganic particles are not limited to being
spherical but may be elliptical, flake, rod-like, or
fibrous. The mean primary particle size of the inorganic

particles is 0.1 pm or less and preferably in the range of 1



-6 nmto 0.08 um A nean primary particle size larger than 0.1 um nakes
it difficult to reduce the thermal expansion coefficient of the resin
conposition and to increase the elastic nodulus. The nmean primary particle
si ze here neans the highest frequency in the particle size distribution of
the inorganic particles when they exist independently. The nmean primary
particle size also represents the dianeter of the particles when they are
spherical and the maxi mum | ength when they are elliptical or flat. \Wen the
particles are rod-like or fibrous, the nean primary particle size
represents the maximumlength in the |ongitudinal direction of the
particles. The nmean primary particle size of inorganic particle powder can

be measyged by dé asgr dA%é%%PﬂﬁéEﬁ%@f&ﬂ%@ﬁéb?@ P4 rGe HY PRI Co | 4 ght

scattering nethod. However, the neasuring nmethod needs t0 be appropriately

sel ect equilepopndd noe o £ FECPBE 1ES| Lo gh@PCLhd NenEBh APk 94nPI&RAT I Ng the

particles, the mediumfor dispersing the particles, and the nmethod for

di sper si &gk theci &0F 9N €ndard & Ch eSemdHei €08 eahd Of ot DEc89sHaphe particles
isin the range of 5 to 50 weight percent relative to the solid contents in
the residl £ompOshdd@nuand et esabl yrimatPepd a0l Of s 724 ohSPe Web g
percent. A content of the inorganic particles smaller than 5 wei ght percent
makes ittith fiighedt t Ore@okicey t he therpatt expansi pa dbettichehénobfresin
conposition and to increase the elastic nmodulus. A content of the

i nor ganitheartéxdasi aorar t hahe S0viven ghte peexest gndcpehdeyndegr adBset he
adhesi on of the resin conposition. Any inorganic particles including

cer am csnemy heingey parthelpreszatal soenepovaseExenphargigeetai coparticl es
include sinple ceram c powder, powder m xture of glass and ceramics, and
cryst al l'ihedyibselesivipte doernniee paer i¢at| apdstae uhaxnimualbesyth
zirconia (Zr02), magnesia (M0), beryllia (BeO), mullite (3A12032Si 02),
cor di er i'een 551922202 03bMP Lcabi prel TiagoAIBBY , therReBEi¢Ee s 2059Si 02),
anorthite (Ca0A12032Si 02), celsian (Ba0A120328i02%, silica (Si02),
enstatit%oéwbb@o%,flaki’ﬂao%?un#}h?dﬁ‘?%?tﬁ’%féafwwf? PrefefhbPy, the purity of
t hese ceram c powders is 90 mei?ht fercent or en . alumniumnitride

SR T AW e R (LS R AR PR Tl S A
CaC2, Ca\o3 2. . 2, @) f vttri iti h Y203,
may be éﬁﬁﬁpéfga%&féﬁg%éréﬂ%% e?“ﬁé&?ﬂ?%% é%§@%§f§h%%VgS fiﬁccoﬁfain:_
0.01 10 1% Melght peroente 90, 8.peish sLepent. basisy ofjadditives including

yttrium rare-earth netals, ne-earth ne d carbon; 1 to 5

wei ght  pef £6A1-©Of o£ A4 DA dESy 1 34 Che BSoMIGE 2 Zifmaty 8GN DS 0E PRALES, such

as BeO. A preferred content of additives Is 1 to 10 weight percent”of Y203
and BeOpdtdddd WebiWe PEr €8O tndd s €Al £ Uit OXbAeneO8s 1t yepght percent or

| ess of carbon. A - g single additive or a mxture of two or nore

addi ti vesopByp PEatlSBf. selected depending on the particle shape, the
method for preparing the particles, the medium for
dispersing the particles, and the method for dispersing the
inorganic particles.

The content of the inorganic particles is in the range

of 5 to 50 weight percent relative to the solid contents in
the resin composition and preferably in the range of 7 to 30
weight percent. A content of the inorganic particles

smaller than 5 weight percent makes it difficult to reduce

the thermal expansion coefficient of resin composition and



The powder m xture of glass and ceramcs is, for exanple, a glass

conposi tion powder containing Si02, Al1203, CaO, or B203, and if necessary,
MyO, Ti 02, or the like. Specifically, the powder m xture of glass and
ceram cs contains Si02-B203 gl ass, Pb0O-Si 02- A1203-B203 gl ass,

Ca0- Si 02A1203-B203 gl ass, or the like and at |east one ceram c conponent
sel ected fromthe group consisting of alumna, zirconia, magnesia,
beryllia, mullite, cordierite, spinel, forsterite, anorthite, celsian
silica, and alumniumnitride. The crybtallized glass is, for exanple,
MyO- A1203- Si 02 and Li 20- A1203-Si 02 crystallized glass. The crystallized
glass is prepared such that, for exanple, B203 and a nucl eating nateri al

are adde@ot9né@9a§é29§eSﬁﬂgsgiésﬁ@du9u£Omeﬂ bynbehhdoeat gL Nedoahadic
tenperature of 900 to 1000C to separate out cordierite crystals to increase

the strepgihithesenbre 0Ofhatchot hiat gt Npeleaht Ngraah LIl fl dégraddedthe

Li 02- A1203- Si 02 gl ass, followed by separating out spodunene to increase the
strengt hadheseoh. obl ehentéeinztsopoxiteoncal ci um carbonate, nmica,

fl uorocarbon resin powder, dianond powder, and the |like nmay be used as the
i norgani ¢ pararnelasorddrel ¢ nedgaind e Pairm ¢ ol disn greye tanised et ask tusesdir f ace

- 9 treatnent, if necessary. Exenplary surface treatnents include

wat er - r epel teatptesahtenhvest hgnsi | Eremelary oeramec!| p&etibyesophobic
treatnment or hydrophilic treatnment using silane coupling agent or the like,
and i nt rpdottdensbhpbe aaramganpeowflenct powdér gnbypursuch asaashyddoxyl
group, an amno group, a carboxyl group, an epoxy group, an acrylic group,
a vinyl gebupican andyrrgsbaplisedamlasyt group. The surface treatnent is
appropriately selected to inprove afflnlty with the resin conposition,
cohesion i n tHeRf 79276l HAMINT t HC LR gant Wi t {21285 ) andiresnaa
conp05|t|on di spersion or the | ike. The ggase separatlon structure in the

pr esent @ i SRR RS t O ?ﬁ%ﬁ#%? ?&9 it %ressnthln organlﬁ

di sper §2 Py %ﬁé”c&‘%ﬁé’tﬁiﬁeé"ﬂéﬁ%t bR ChRE e ??EZh”ay v
P

ﬁéi??i”;ﬁtﬁ%%"émﬁ pre%ieer%{)t%as@wﬂ?%@?mnsﬁié %2?5????%2 TRin

phase |n &%g RP ratthS§EBUﬁ%gP ?%I (%ggr%ﬁhq ion. The

di sper se phase ers 93 a phase’i &vé any

shape '”?ﬁygéﬂﬂ §'8i CV"Qﬁfraid$§h§H§W%¢fﬁHk'{é?ﬁ}ﬂ'te shape.

Preferab ura ty of “di sperse ases fornms a chain structure. In the

chain stpy&f§£§b9§ tBﬁedb§9ﬁf§eoﬁh@ﬁ§set&QrQﬁlanéngQg§p§Qd§@twghéﬁgrSe
phases are |inked and f orm any one of i near, a conb, an

dendritigera8dt aBragbeel at gHest EUGhURCURMONE OF M@ PpbEheE ©EdgEcapt BOBK
structure. Preferably, the area proportions of the nmatrix phase and the

di sper setphagescagkti petbent angecalcbimt ad950iasd, i sautheasange, pf 5 to 500,
respectively.

CaVO,, CaCN,, Cafl,, and Ca0O, or of yttrium additives, such as

Y,05, may be added to the powder. Powder mixtures may be

added which contain: 0.01 to 15 weight percent, on a metal

element basis, of additives including yttrium, rare-earth

metals, alkaline-earth metals, and carbon; 1 to 5 weight

percent of carbides, such as MgC,, zZrC, VC, and NbC; or

oxides, such as BeO. A preferred content of additives is 1

to 10 weight percent of Y,0; and BeO, 1 to 5 weight percent

of calcium oxide, or 1 weight percent or less of carbon. A



Preferably, the content of the inorganic particles in the resin conposition
isinthe range of 5 to 50 weight percent. Preferably, the inorganic
particles are mainly present in either the matri x phase or the disperse
phases, but not present in both phases uniformy. The inorganic particles
may be mainly present in the interfaces between the matri x phase and the

di sperse phases, and preferably they are mainly present in the vicinity of
the interfaces in the matrix phase. Still nore preferably, the disperse
phases forma chain structure in whicH at | east two di sperse phases are

| i nked and the inorganic particles are mainly present in the vicinity of
the interfaces between the matri x phase and the di sperse phases in the
matrix p i -:pg%_ss t in i ich at
| east tm%ﬂgﬁ%e%%ﬂﬁ%eilp%gﬁl n e% %%%ﬁe&n%?ﬁ%n?%&%gﬁ#%ﬁg%yaﬁr‘% mai nly
present jpsedhe disperse phases. The area ratio of the matrix phase to the
di sperse phases, the formati on of a higher order chain structure, and the
state of the Ilmaog:gmaec;r Raldt LD A e Rhaseseparad 1ig)) stqucture nmay be
determ ned according to the conponents in - 11 the resin conposition and
t he net hogahele di $PEY$$ NG diieo s NOT GabEwdPear teéehesinThe sads, diosper se
phase separation structure, the dispersion of the inorganic particles, the
state anch® gherBgar,deanchaifn ngtcesetuye oo, haid,spersehphases.are observed
by transm ssion electron mcroscopy (TEM in which the resin conposition is
st ai ned Swedi Dsrallyci the rpdvweder um oxide, o phobphot amgsteécamces, or the
like, if necessary. The area ratio of the matrix phase to the disperse
phases isonbziry ety BLar gdaaspl BPOrfage-Ahdlyd,9; oflasTEM phot deraph. In
order to neasure the area ratio of the matri x phase and the disperse
phases, &liGaRspar@hdssi |od Hale nbike und odtn 1Prekne’s aperBpecific gravity
may be superposed on the TEM phot ograph and the areas of the disperse
phases af@ROPFRE DAL eFecd i FHe™ fohe oWeRMDyCHRFhet tid obit2 W8l BRi ng wei ghed.
Preferabli/, the elastic podul us of the resjn conposjtion after being cured

i s 25 MPAlbfOMbie BRINBVE Prefel ably, Mihe! 6 ast? ottt tis 278 at 30C to

150C t dul t. 300)/ ti | t 1500)) is 30 or less. |
e best T QLBHEr DYt 17 607 h Corpo 1170, T He"81 4t c RO s 95 NPa o

nor e andn&gg.(%astic nmodul us ratio at 30C to 150C is 30 or less. If the
el astic hodufUs is |ess than 25 MPa at 150C, heat generated by a bondi ng

devi ce softens,d Qq_a%cegr’lét Sive.d gi%[]sgsofis{,hiafzoaﬁd;@ﬁdg@gli !MHJ—%J.W%Q—QEO'[ he resin

conposi tion, ‘conse y cre oW inma W¥ing pattern or

causi ng gy adhesiondof akh gr e PEIMee: fo %Faé’é. chiy, and, ddhe; WJdpng pattern.
If the elastic nodfids rafio at 30Cto 150C is nore than 30, a warp is

l'iabl e tg1868ulsipréperadhesiyechdt m rdbrexpnsi el ably, anle sel astic nodul us
is 50 MPa or nore and still nore preferably 80 MPa or nore. Al so, nore

pref erabhycl édrei oy asdter DUt da@dé® @b 186-4D,0-58C0,5g28s81, | ess and
still nore preferably 10 or | ess. The resin conposition having the
above- defcrideed by being calcined at a temperature of 900 to 1000°C
to separate out cordierite crystals to increase the strength
thereof, or such that a nucleating material is added to
Li0,-Al1,03-S10, glass, followed by separating out spodumene
to increase the strength thereof.
Diatomite, zinc oxide, calcium carbcnate, mica,
fluorocarbon resin powder, diamond powder, and the like may

be used as the inorganic particles.

The inorganic particles may be subjected to surface



characteristics has not been known yet. By adding a snmall anount of
inorganic particles to the resin conposition, a reduced thermal expansion
coefficient and an increased el astic nodul us can be achi eved, and the
resulting resin conposition can be highly adhesive. It is considered that
the inorganic particles concentrated in the interfaces between the matrix
phase and the disperse phases and existing in the disperse phases allow the
di sperse phases to forma higher order chain structure so that the

| ongi t udi nal expansi on and the vol uret®it expansion of the resin
conposition at heating and cooling are reduced and thus the thermnal
expansi on coefficient is reduced. Also, it is considered that the higher
order cheddntshdMef WL hebd Hid syt heptdmib dh 2ot § @PF Ok t BEc S €BENL §OMPOSI ti ON
and thus the elastic nmodulus is increased at high tenperature. The resin
conposi tiod wde ther Presepd 1 1avent ronchavt N@Gsing 4811 Edee phasecseprsat i on
structure contains a plurality of resin conponents including thernoplastic
resin orliker nogetdpinspl@st featdhent her nopd asph £1 1 €St nearseent nugheg pr esent
i nvention includes polyolefin such as pol yet hyl ene, pol ypropyl ene, and

et hyl enes Lot yoreus] 11sd yageret resi tise sucke asapdl st yodnet aod ABSoresnn,

pol yvinyl chloride, vinylidene chloride, polyethylene terephthal ate,

pol yet hydegen apfitinat &bea 1 pot glgut yiene 2er ephthdtoaxe]l podbymcryhate resin,
pol yoxybenzoyl, pol ycarbonate, polyacetal, polyphenyl ene ether, and

pol yi m dEMinmdIFeur s aotafPeryeddX@uUP hose SROXVNGrALPi tahascpyhseicity at
tenperatures in the range of 80 to 200C. Preferably, polyam de resins are
used i n WP of2 sTHBY i §50@R, MYyhPt Ebef Bt e @hd2%e| @EY+i gRPuP. The
characteristics. Mire preferably, a flexible,_ |ess waterabsorptive

pol yani & it i Ryt %‘érb%x%x?glﬁ"%%’r%lt%ﬁ&i?1%1%%%%‘6?1 HibeY<of 36
(so-called dimer acid) is used. In general, polyanm de resjns containing

i mrer oot B & pFOAr e | FOTHE CRBRYS b bees SOBYS LTy cORdeRSat i on of di mer
acid and.dian%ne. At the same tine a.dicar@ox%%ic qgid such as adipic
aci d, azBlefTr AT CHCFRDALT M ART A hayPhE" hated #39ar COpdI yneri zati on
conponent .. The, ¢ g ng; includes et hyl gnedi ani ne, -hexaret hyl enedi ari ne, and
pi perazi he.” From the Vi ol nt "of " hygroscopicity and solubility, two or

nore di am ne%‘h@aéﬁ)lfgesem rati'or%%tﬁfceéﬂ@qry’tf{é“?ptlﬁé@grﬁﬂqtirﬂfeﬁaeon

thernoplastic resin in the resin conposition is In e range of 1 to 90

wei ght peegentendd fherepnteny of phesibergoplasithe {€Sbpghsibess than 1
wei ght percent, the resulting resin conposition does not %econe fl exible,

and whercddipdsentsetoasthderaghestvmtpdayeionfans adbesbyeofnbMibRros

sem conductor devices, a fracture can occur in the adhesive layer. If the
content pisas®s endNnama9d abspbispatgenix pheseesuhtlagtiesi bamonposi tion
beconmes too flexible to bear a | oad when sem conduct or chi ps are nount ed.
Consequenttyctard at endibl 40l ks steatedren, tbe adhessve Payéerabdyf hus
adhesion failure occurs. Preferably, the content of the thernoplastic resin
is in thehe aphyes of sQGa T ot 70N wei ghtt pee clens . 2 Thet therpibseet&ang 2esin used in
the present invention includes phenol novol ac epoxy conpounds; cresol

novol ac @baRx§grednpudrls; Diephersbl X Lkpdxyrebepdubdsthdi Bphenphareepoxy
conpounds; bi sphenol S epoxy, conpounds; epoxy conpounds derived froma
thiodiph@ho¢@epm%%%¢,S%Paﬁ%%h?%o$t5Y%$%9? ?EsF nCHEST nEeBRIRY| yl ene bri dge;
epoxy conpounds derived froma henol-dicgcgogentadiene resin; alicyclic
epoxy co - IRt er DS P+ EPRPBRYPROAPOLREELS ghyc? dpPagst &F ERSxy
conpounds grcduced by rqgctio of a gol basi c, acid,.such as phthalic acid
or di merEEtd PRFTH ePPEHIBY ofhTi AY g §%?%i+%ﬁ#ﬁgl%%o§y58% ounds

broduced, by, £ £261{ 0 o1 8,80 AT e 2UEN: 2551201 nogl phepy) 5t hane,
plurality of disperse phases forms a chain structure. In

the chain structure of the disperse phase, two or more

independent disperse phases are linked and form any one of a



- 15 di am nodi phenyl sul fone, or isocyanuric acid, wth epichl orohydrin;
brom nat ed epoxy conpounds; and epoxy conpounds havi ng a cycl ohexene oxi de
structure, such as Ecaprol act one denaturated

3, 4- epoxycycl ohexyl net hyl - 3", 4' epoxycycl ohexane car boxyl at e,
trimet hyl caprol act one denat ur at ed

3, 4- epoxycycl ohexyl met hyl - 3' , 4' - epoxycycl ohexane carboxyl ate, or

(3- net hyl - b-val erol act one denat ur at ed

3, 4epoxycycl ohexyl net hyl - 3' , 4' - epoxycy€l ohexane carboxylate. In addition,
or ganopol ysi | oxane having a glycidyl group and silicone-denaturated epoxy
conpounds produced by reaction of the above-described epoxy conpounds wth
or ganosijligxane havidih a LArOxYH i G OUD AmYaDe; sued: 2 Al | £88EcL¥Pe copounds
of the epoxy conpounds and the silicone-denaturated epoxy conpounds may be
conbi nedco i ef eriaflers druaddiddvir it sdhe-epaxy resin, the thernosetting
resin contains a curing agent capable of reacting with epoxy resin.

Exenpl ary cupireFeagentys ithel udeapeinpparmdsnssweh tds disaidiy enmeigd anm ne,
triethyl enetetram ne, mxyl enedi am ne, and di am nodi phenyl net hane;

pol yam des] tduehliaspgrodey pphakee diamerin arthy dradss, oS uth tas Phg hahd cin
anhydri de, nethyltetrahydrophthalic anhydri de, hexahydrophthalic anhydri de,
trinellithe migarafded and Gfet hyd specti cvalthydr i de; 3- ami nophenol
resorcinol; catechol; hydroqui none; pyrogallol; 3-hydroxybenzoic acid;
3cyanophenol Pr2fardbdryi, ndplee wonte2-tamifndh® hydrgayldenzeinticleslén aci d;

3- hydr oxyphenyl acet am de; 3-hydroxyi sophthalic acid; 3-hydroxyphenyl acetic
aci d; 3-firers syl fomresidi bn pheniol itthe esinge esltich &s phevwigmovol ac,
phenol aral kyl, bisphenol A, and bisphenol F; resol-type phenol resin;
tertiar PHAEs, HL R y gt aift g 2L et PRA L uc ket IpF e mdzbY e, and
tris(dinmethyl am nonet (%%p enol ; and Lew s acithgﬂflexes, such as boron
trifluomdESthyitam SO HRAIUrS g Ay Mt TP 25T ted to

t hese. Preferabl henol resins are used as curi agent for the

ther mos Gt 5 T GG 1} 10 bRy $51 oL L BHERG T BAS no e & Kisfpat | bl e
with polyamdes,. and serve as 2 suitabl e blending meterial, Lo glye the
pol yam des acFequaterherma resiRtEnce and isrup FVe s??ekﬁgﬁ‘% When the

pol yan dgs el . . The t resd siane ]?pg he_ di i rength are
i mport ant _t%{ateth%%{)ﬁhancee %gc{ V\r@{een Ctﬁhéeﬁdirt nsuF% I oné t e%r?%tséa%%%é%%bd_f# he adhesi on
of the r@gly LOUMMOSIHIOM rlde €O &Hte %iéﬂﬂ%ﬁe&f‘n@ﬁétiﬂ‘%fﬁéﬁs'{ht he

resin conposition which results in the adhesive [ayer of the adhesive film

is in thed ange-0f ghasd 0 80 Vel GhirH&5 £ r A0y Prefer@pdyetfe t he range of
20 to 70 wei ght percent. A thernpbsetting resin content |ess than 0.1 weight

per cent gredunesrdhe 4 hataml Jesictane el ofwiheh agthesdyet | ayerdadise Bse

t hernosetting resin content nore than 80 wei ght percent degrades the

fl exi bi Igitasef dree laidhesi vwend ayrer ,iraguhanic Idarticles are mainly
present in the vicinity of the interfaces between the matrix
phase and the disperse phases in the matrix phases, or the
disperse phases form the chain structure in which at least
two disperse phases are linked and the inorganic particles
are mainly present in the disperse phases.

The area ratio of the matrix phase to the disperse

phases, the formation of a higher order chain structure, and

the state of the inorganic particles in the phase separation

structure may be determined according to the components in



consequently, a fracture occurs in the adhesive |layer. Also, a curing

aGCel eratar may be added. For exanple, known accel erators including
aromati c pol yam ne, boron trifluoride am ne conpl exes, such as boron
trifluoride tristhylam ne conplex, imdazole derivatives, such as

2- al kyl -4nmet hyl i m dazol e and 2-phenyl . -~-al kyl i m dazol e, organic acid, such
as phthalic anhydride and trinellitic anhydride, dicyandi am de, and

tri phenyl phosphi ne nay be used. Preferably, the content of the curing

accel erator is 10 weight percent or~léss-in the adhesive layer. Tn
addition, arz organic or inorganic substance, such as an antioxi dant or an
i on scavenger, may be added unless it degrades the adhesion of the adhesive
layer. Thes resdih cumesd 1d 2h ond henPresetq | fyendi Sfer@ndesed for resin
substrates, fibers, undrawn filnms, drawn filnms, hot pressing materials,

rnul ti liayergsthstgatieicredal lic foil-1am nated substrates, paints
adhesives, and the like. Tn particular, the resin conposition is

advant ageousiTheusad rdsx /all spdiresd phafser ssgyareaniductsarudeviress dhecause it i s
hi ghly insul ative. Specifically, the resin conposition is used for nulti

| ayer subistpeatselcradhfesitve fndmggniadhest viec sdweettshd st daadimd) seyheonduct or s

and wiring boards, and netallic fail-lam nated substrates. A protective
| ayer meyrdsr fdradgd strweet aohest viehe ayespefs¢ hehashesdave dhsenoid tihe
present invention to prevent the - 18 adhesive |ayer from being

cont ami rfatastbibis st el dt romtercraserrhe( TEe, imheh elottdeg i vesimyer al so
i nproves the workability when the resin conposition is forned into a very
thin filGAMPIHE Pt ekt i e ingrv Hdy dEnic ptydstBithenbat yofeden film
coated with silicone or a fluorine conpound, or a paper |lam nated with this
pol yest &N GIPTHHIYRAT i h 2 Sl tHe Photkbisnvel f frFeianot 1T t¥F3 o0 t hese

Compost Uit Viferf T GRECE 4 ST 2/er S a7 Y SR TREE GBRTT S 2Ree™ S e
ayer | SO0 TG GGt (RSt G her ™ ot oL BL e Ty ThE L hi ckness
'n the T ot o Tiie T T oF R i R R i Ve
now be. TES T Dab DK Lhabe S Re. Bhet Tb 11T o The ok nate 111 are
not |1 e ik T b bBEr | & ke 071 Shagty e sHheradiies! e fhd mand the

metal -lam nated fil mhave a substrate with a thickness of 20 to | 25 um

formed qfhdxdy@sdn Cand Uche asrfod Yo 11 dee PDyEsiLIphdd y (Phenydsned sul fi de),

pol yet her sul tone, poly(ether-ether-ketone), aramd, polycarbonate, or

pol yacr ydratiehe ofilof, af €oIpesd tiey ned eid adut stgh @sd ghasisg choi dhedpr egnat ed
wi th an epoxy resin. The substrate nay be formed by lamnating a - 19
plurality of Pridfrxraddlygcttée falemtiiesedullhes sifbdthreatreesniay be subjected to
surface treatnent, such as hydrolysis, corona discharge, cold Pl asnma,

physi calcamgpaypieri oy, a &irelr desinadhiesedel €02t iMp ¢f mecessari20 A so, when
the stiffness of the substrate is too lowto be treated, a stiff filmor
the |i ke rsifriiel vl W el el ednedubus afatipracedd Grayo bed? i nated on the

rear surface of the substrate. _ . .
{(elastic modulus at 30°C)/(elastic modulus at 150°C)) is 30

or less. In the best state of the resin composition, the
elastic modulus is 25 MPa or more and the elastic modulus
ratio at 30°C to 150°C is 30 or less. If the elastic

modulus is less than 25 MPa at 150°C, heat generated by a
bonding device softens the adhesive layer of the adhesive

film formed of the resin composition, consequently creating



The inorganic particles may be mxed into the resin conposition using a
kneader or the like. Alternatively, an inorganic particle paste or slurry
conposed of the inorganic particles and a solvent or of the inorganic
particles, a solvent, and a resin conponent nay be prepared with a rol
mll, a ball mlIl, or the Iike and be subsequently m xed with a necessary
resin conponent. In a mxing process, for exanple, the inorganic particles,
a resin conponent, and a solvent are m xed. The solvent is capable of

di ssol ving the resins used, and is, ~f&2 exanple, methyl cellosolve, butyl
cell osolve, nethyl ethyl ketone, dioxane, acetone, cycl ohexane,

cycl opent anone, isobutyl al cohol, isopropyl alcohol, tetrahydrofuran,

di met hyl suld pxdwlein Ya bt ¥10 364 0 ern tOF UeNes i Ky | Bneaqidd D5 QbENZERE: benzyl
al cohol , isophorone, methoxymnethyl butanol, ethyl |actate, propylene glycol
nmonomnet hyd twddiera anth &cst atel sletny ethd reit pi@pya €nergl yeof wmeonet hyl

et her, N-nethyl pyrrolidone, water, or other - 20 solvents containing at
| east oneladtidasedsbhyerdsio Astabidizer]5@ di spencantthan ps@cipitation
inhibitor, a plasticizer, an antioxidant, or the |like may be added to the
m xt ur e.wdheses nht&rlal so avecunr xed the hedhdal venfllm. an attritor, a rol
mll, a kneader, a sand mll, or the like. Undispersed matter and gell ed
matter are rémnedpdafmnaie réedd tadlrg rigsimpdodmrosist i56h Mida bra rfdde er
havi ng a nmesh which is coarser than the size of the inorganic particles, if
necessardnd Thel k eshore amprbe tdlohy | 80 B3 odwaroFe. a Abtwermordd is then
applied on a flexible insulating filmor a conductiyve fil foll owed by
bei ng drPeRE¢E2R-by m e sttt e megiekus prak e ot y30thete hf%(knfésks of0t he
adhesive layer is in the range of 0.5 to 100 um_More preferably, the

thi cknesT i £e5H e Flahbk B2 ReDB MY THE ApptFeY: resin conposition is
dried at 100 to 200C for 1 ta 5 mnutes, and thus an, adhesive filmis
formed. This AthdSVe fIHIL 4200 Maed it e YGSleGi e i imand i s

| i i i ith idth i h f. 35 158, Th
Sahesi ve St BRett 0SS Uhob i HRIRE 2 & b A0 B R, b her

hand. | ngrdst 1 Torma rEtald annated Gl o Lhe adissive bl mis

| am nat e a meta necessary, s cured. The

resul ti ng. adhesi ue. LAPE Laa eI FONMEE L dovi es and et allis

foil-lamnated filmare use : sem conduct or - connect i ng
substrat&; o @ THeq SEME CONLULL OX SONDRLH | NghSubsd ralsuisingerefor a

sem conduct or devi ce.
composition can be highly adhesive. It is considered that
the inorganic particles concentrated in the interfaces
between the matrix phase and the disperse phases and
existing in the disperse phases allow the disperse phases to
form a higher order chain structure so that the longitudinal
expansion and the volumetric expansion of the resin
composition at heating and cooling are reduced and thus the
thermal expansion coefficient is reduced. Also, it is
considered that the higher order chain structure inhibits
the fluidization of the resin composition and thus the

elastic modulus is increased at high temperature.

The resin composition of the present invention having



Met hods for manufacturing an adhesive sheet for sem conductor devi ces,
using the resin conposition of the present invention and for manufacturing
a sem conductor device using the adhesive sheet will now be described. The
resin conposition is dissolved in a solvent and is then applied on a

pol yester film having | ow peeling resistance, followed by being dried. The
surface of the resin conposition applied on the polyester filmis |am nated
with a polyester or polyolefin protective film having much | ower peeling
resistance, thus resulting in an adhedtve sheet. The resulting adhesive
sheet is subjected to thernoconpression to be bonded to a copper-| am nated
TAB tape with wiring. The other surface of the adhesive sheet is also

subj ect eghd GORAEL NDEOIPS €5Sh Ot #0c Her HOPEEHa 1 s aa éﬁ;ﬁé‘ﬂiiﬁ bhepesimed at
120 to 180C. The IC and a wiring board are joined with each other by wire
bondi ng &b @fiént Hein sead Bl W hdrmop BSé i c Fr@al h yor sohéefiobaett sngre fornmed
by solder reflow, and thus a sem conductor device is conpleted. According
to the abawin.the adhesive filmfor sem conductor devices, the netallic
foil-lamnated film the sem conductor-connecting substrate, the adhesive
sheet for sefflcorndwotwpldstices,esind udw senmtdondustisentdeviwetcam be - 22
formed. Exanpl es The present invention is further illustrated with

ref erencencudsainpd bgoletinisuck awtrdlnetierlenct heo bxpnppetendi rand a

met hod for evaluating the resin conposition will be described. Eval uation
1. Adhest¢®bhy Strergepoyineract sy yene eoppe? $oeh #f tPohysRYERRRSANGT 18 um
was | am nated at 130C and 0.1 MPa onto a 35-mn w de sanple tape with the
resin coMposTesbhr eIy ws ahl auHési veinKekdenpeat l9¥Ed® ment s wer e

performed jn an air oven at 80C for 3 hours,_ at 100C for_5 hours, and at
160C f orPB YRUr%Lene toagPhtiRtateo PO ENLOPPRINFRI L2 ARt Rat ed film

Co e f.2 i i dt h t d th foillam nat ed

Copper W11 09,00 BRA T tee Pall sined, o L, cgpper Tl 1 nat e
foil-1am fil Th f th il t th
o) emasiet im ves e, The, TspULETe ofcths Letstle sLrenalh
t t i i N j ! 4-1 f t b j t ht
SLrengt st g, FRabl o STeneil o 1TV 100, RO 86150l Y. gt ech Lo

at Sol degd nge Aﬁ‘a§'§f$é9ic¥h%)g) %%&Bpé%{u%éhﬁﬁ thé ckhgss 9%3@@ L was

| am nated at 130Cand 0.1 MPa onto a 35-nmm w de sanple = - tape with

the reSi@O@ﬂ@posﬁﬁéﬂ@réﬁiyJré?%?aﬁ@d@dﬁé§iﬂ§-aB@X&se@eﬁﬁ t{&ptgents vere
performed in an air oven at 80C for 3 hours, at 100C for 5 hours, and at

160C forsbahpuisy 4 hhgh ©&E8Erat @rd OiNY acCOPPLICcADI | -1 am nated film The

copper foil-lamnated filmwas cut into a 30 nmm square. After being
condi t i ocieslr 2 ot @ni sit hospheMerat p 8BOL: awmidl 350a RHLEvib 48, hbeis s, wahereopper
foil-lamnated filmwas i mediately floated on a solder bath for 60 seconds

such t haabsteptoppepe I pahidaceomasiupbar dedarfbyg] 1 ¢ hac hxhavimg eaper at ur e
of the solder bath at which swelling and peeling were not exhibited was
det er mi n@@glrbon number of 36 (so-called dimer acid) 1s used. In

general, polyamide resins containing dimmer acid are

prepared in the usual process by polycondensation of dimer

acid and diamine. At the same time, a dicarboxylic acid,

such as adipic acid, azelaic acid, or sebacic acid, may be

added as a copolymerization component. The diamine includes

ethylenediamine, hexamethylenediamine, and piperazine. From

the viewpoint of hygroscopicity and solubility, two or more

diamines may be mixed.



3. Thermal Expansion Coefficient Only the resin conposition serving as the
adhesive was fornmed into a |layer having a predeterm ned thickness with

| am nat or, and then heat treatnments were performed in an air oven at 80C
for 3 hours, at 100C for 5 hours, and at |160C for 5 hours, in that order,
to cure the adhesive layer. The resin conpositicn was cut into a
predeterm ned shape, and then the thermal expansion coefficient of the
resin composition was neasured. Using a thernal analyzer, TMA SS6000
manuf act ured by Seiko Instrunents, théfmal expansion of the resin
conposition was neasured at tenperatures in the range of 30 to |1 60C at a
heating rate of 5C/ mn wth reference to the length of a sanple resin

conposi tion atrzalsing, tins ddiecdrant heidadthexpepbi onic refdn toefficient
(ppm C) at tenperatures in the range of 30 to 160C was determ ned. 4.

El asti c dhdutesintymbbeiteshnigopposhéi pAnger ¥ENY as bbewadbrsi ve was
formed into a | ayer having a predeterm ned thickness with a |am nator, and
t hen heapetceat ments wkeeecpetéontnefl theanharmopientat B6E£ifhots31bewrs, at

| 00C for 5 hours, and at 160C for 5 hours, in that order, to cure the
adhesi vethayet . wdhght eséncenhposhei naswasisgt reatn aoppedétepni dedsshape,
and then the el astic nodulus of the resin conposition was neasured. The
measur enk@t bacoper fberddles t andvBhenodt mhaukacdupedthy Sdhkeivastrunents
at an oscillation frequency of 1 Hz at tenperatures in the range of room

t enper at bp¥S¥ 00068 adhasheat fAgNr 4PE BEMECPRANCEST FENLCBSer 2ati on Only
the resin conposition serving as the adhesive was forned into a | ayer, and
then heafrRFEArfeRtl WEFBr pelf brfeddhpsarealfYelen A&F BDE £BRLSDRoLPs, at

| 00C for 5 hours, ggd at ]160C for 5 hours, in_that order, to cure,the
adhesi vemPE§etRamndl pRGLeanseBaF et bn SPFUEEERECIRIt RESARNESTPESEEYEP was

Cho. mat rPRopRERecTE THERUF Lpor cPpRbsBs  otRe  BRRpEEmSRAPERELErofNifls
) p 0
G 20et " 8o PRASR A OcblEe AL SRELTE 512848 o DEc19CORDLG B LhcLEg vere
adhesive layer and thus adhesion failure occurs.
Preferably, the content of the thermoplastic resin is in the
range of 20 to 70 weight percent.
The thermosetting resin used in the present invention
includes phenol novolac epoxy compounds; cresol novolac
epoxXxy compounds; bisphenol A epoxy compounds; bisphenol F
epoxy compounds; bisphencl S epoxy compounds; epoxy
compounds derived from a thiodiphenol, phenol, or naphthol
aralkyl resin having a xylylene bridge; epoxy compounds
derived from a phencl-dicyclopentadiene resin; alicyclic
epoxy compounds; heterocyclic epoxy compounds; glycidyl
ester epoxy compounds prcduced by reaction of a polybasic
acid, such as phthalic acid or dimmer acid, with
epichlorohydrin; glycidilamine epoxy compounds produced by

reaction of a polyamine, such as diaminodiphenylmethane,



the matri x phase to the disperse phases, a polyethylene terephthalate film
("Lumrror" manufactured by Toray) having a thickness of 25 ~m was
superposed on the TEM phot ograph of 15 cm square taken at a nmagnification
of 10000 times, and the areas corresponding to the matri x phase and the

di sperse phases were cut out and were each wei ghed. The neasurenent of the
area ratio was perforned three tines and the nean area rati o was

cal cul ated. Reference Exanple (Pol yanm de Resin Synthesis) Using a diner
acid, PRIPOL | 009 produced by Uni chend? and adipic acid as acids, acid and
am ne reactants are prepared such that the acid/amne ratio is about |, and
an antifoam ng agent and 1% or | ess of phosphate catal yst were added to
prepare @atahiDbesashanylsdhechs) esact aptyuasrheaheddat whi4AC for 1 hour,
subsequently heated to 205C, and was stirred for 1.5 hours. The interactant
was | ef tepcRl&Pahofir vAgUbAbhOhaOe8 Bpuks tempoahddowandFepakiy, an
anti oxi dant was added, and thus a pol yam de resin having a wel ghtaverage
nmol ecul acompdoghdls oha200§0a andc hoharede norbae ot rliOtwas, obtahned. sExanple 1

Preparing Inorganic Particle Slurry Using "Aerosil"™ OX-50, which has a nean
primry paptrotietsngedenhad@rabgdpBpduepd=xbyydilppenyMeeobiyL-as, dpheri cal
inorganic particles, 1 kg of silica slurry was -26 prepared. The

constit uepesyofcipeexanei cgabgkutayewereindthuttspbylastghe of the
inorganic part~.cles, that is, "Aerasil" C?X-50, 10 parts by weight of the
pal yam déebitehat@@f ér énerorxanplenedsbmpahys-By  déirghoxpeypénahgkanscahal
and 350 parts by weight of isapropyl alcahal. The liquid m xture of these
nateriaI%aﬁﬁgxﬁ¥?F?edOEtBI@%EhYb‘ TR 1S R aRee dRRdt e aeefigent zer to
prelininarily di sperse the inorganic particles, and was subsequently
stirred Weh DRFYEmeypel kD~ A HEROKUEYGLebe RN FRYPRXY BAERaf en wi th
85s of ~irconiatbeads havins g di?neter gf 0.3 nmwith rgsgect to the
capaci t y"Rf LAEERY T QFIRNAPRKYPAIAFPENB¥ 18808 PpNratYd PFaWPrake of 400

R e i R e T S B R

s.~l.icasturry repar Prep
Deva. ces _ . : ,
the above-described epoxy compounds with organosiloxane

ghdﬁctor

having a carboxyl group may be sued. At least two compounds
of the epoxy compounds and the silicone-denaturated epoxy
compounds may be combined.

Preferably, in addition to the epoxy resin, the
thermosetting resin contains a curing agent capable of
reacting with epoxy resin. Exemplary curing agents include
polyamines, such as diethylenetriamine, triethylenetetramine,
m-xylenediamine, and diaminodiphenylmethane; polyamides,
such as polyamide dimmer; anhydrides, such as phthalic
anhydride, methyltetrahydrophthalic anhydride,
hexahydrophthalic anhydride, trimellitic anhydride, and
methyl nadic anhydride; 3-aminophenol; resorcinol; catechol;
hydroquinone; pyrogallol; 3-hydroxybenzoic acid; 3-

cyanophenol; 2,3-~diaminophenol; 2-amino-3-hydroxybenzoic



The palyamide resin of the Reference Exanple I, which is a thernoplastic
resin, curing agents consisting of HP 4032 produced by Dai ni han | nk Chern.
and "Shonal " BKS-316 and "Shonol" CKM 908 produced by Showa ~ii ghpol yner,
and the silica slurry (a) were m xed according the canpasa.tion spawn in
Tables ~. and 2. The m xture was dissolved in a m xed sol vent contai ning

i sopropyl al cohol, benzyl al cohol, and manochl aroben~ene at 30C, and thus
an adhesi ve solution was prepared. The adhesive sal ut~an coos applied at a
t hi ckness - 27 of 12 ~mon the pﬁl%étﬁylene terephthalate film
"Lumrror" having a thickness of 25 umand was dried at 100C for 1 m nute
and at 160C for 2 mnutes to be fornmed into an adhesi ve sheet. The adhesive

sheet wesc i@ Bah @alr OFyeh By Lk é baskd®p! yimydeotyl sdpihiphdBxc &4 produced
by Ube Industries at 120C and 0.1 MPa, thus resulting in an adhesive tape

for semn Tamglicsd oyptkeny Tese t Thea@tiesi viehérapeswbsorval saied prersTocdance

wi th the nethod described above, and the results are shown in Table 1.

Accor di ngeding hesd&EM abseiniead ]l omeved hec areleenal i araikyhe obsphenphase to the
di sperse phases was 70/ 30 and the inorganic particles were present in the

i nt er f acezd bet spleenthel natesxl phase pinen¢ herels sper ser phasegsamThes di sper se
phases had a hi gher order chain structure, as shown in Fig. 1. Exanple 2 A
resin cohpelias apo hyvte s Rdiesi ¥ecthpe 4 orethyd tohduee be, devilces were
prepared as in Exanple 1 except that the silica slurry (a) was dispersed
for 3 ho#ss [Gishebly biminemethy rheherali t3ndrkewhowiCi® TaBPEEXaS, Accor di ng
to the TEM observation, the area ratio of the matrix phase to the, disperse
phases wECY0r30PaReR t hel f HePHaAE cehRY 13BIRe GRFRL2HNCRWE r BRRICTHRiRFe
interfaces between the matri x phase and the di sperse phases. The di sperse

phases MR Hi yhertor det™thafntette3%re due to the inorganic particles,
as - 28 s Orme/r%eirnabFlin' p%'ieno arEpelsein?’s I:;I’reepa{lrsiencp alsnoa{ aunl_jicngp%{c_}einctl e Slurry
for the thermosetting resins and the epoxy resins. Phenol
resins are compatible with polyamides, and serve as a
suitable blending material to give the polyamides adequate
thermal resistance and disruptive strength when the
polyamides are set. The thermal resistance and the
disruptive strength are important to the balance between the
insulation resistance and the adhesion of the resin
composition.
The content of the thermosetting resin in the resin
composition which results in the adhesive layer of the
adhesive film is in the range of 0.1 to 80 weight percent
and preferably in the range of 20 to 70 weight percent. A
thermosetting resin content less than 0.1 weight percent
reduces the thermal resistance of the adhesive layer and a
thermosetting resin content more than 80 weight percent

degrades the flexibility of the adhesive layer, and



Using "Aerosil" OX-50, which has a nean prinmary particle size of 40 nm
produced by N ppon Aerosil as spherical inorganic particles, 1 kg of silica
slurry was prepared. The constituents of the silica slurry were 90 parts by
wei ght of the inorganic particles, that is, "Aerosil" OX-50, ~8 10 parts by
wei ght of HP 4032 produced by Daini hon I nk Chem, and 700 parts by wei ght

of benzyl alcohol. Using the liquid mxture -of;fhese materials, a silica
slurry (b) was pF@ﬁaqu gé in Exanple 1 except that the inorganic particles
wer e di spersed for 3 hour Ynsie of 1 hour. Preparing Adhesive Tape for
Sem conduct or f%esaTg% polyanlf B f t he Reference Exanpl e, which
is a thernoplastic resin, éGglag ents con F§tung Hf HP 4032 produced by
Dai ni hon | nk Ch%ﬁ?etﬂm%"Shonol" %ﬁ%@%ﬁﬁbgi "Shonol C?@hé&gg roduced by
Showa Hi ghpolyger and t sunldlgg, slurry 33’\/9@ Cilggxed accor dllr?g/fitro t he
conposi ti on showirt nﬁnCJ g%es 1 and~29 Then, ta resin ¢ ﬁpoﬁbklﬁg and an
adhesi ve tape { (gr sem cont@s org,devi ces wer Cp@@p@&gd as in @ The
results of the Enatlﬁﬁ for the éguﬁk; 39 tape arefghOW@ TabIe Own
29 Accordlngmhg the TE Bgedgagé the -ar 5lf@hb of the ﬁnilgg?sg to
the disperse p gé%lm@@g{i 35 an fﬁ%at neggani c par t@tesry@g@ present ~7f

t he di sperse ses and t% of the dﬂspegﬁp phases. mirgper se
phases had a hi héﬁ phg chaln StF ehyrey Eéanple 4 Aaﬂe§ln conposi tion
and an adhesdy e for &m@ﬂﬂctor deV| Yhaﬁp ared as in Exanple
2 except that " QOG, whic Cﬁ%an prlnar ﬁi;tldy e size of 20

nm produce@rgﬁ N%&pon Ehréﬁdlt B used as ﬁﬁ@dugg |norganﬁ@ ﬁgrabgbes
According to t rvation, @ B Latio o h@HMp@f % phase t6 the
di sperse phasgs was 70/ éﬁdnkgﬁ |norgam(9qkﬂa| ge were corventrated in
t he i nterfaces bePgeen Ehe mat ri X a$eea ﬁ t he di s@seaases The

di sperse phase%hhad a hlgﬂérleggef chain s ﬁ@gu&@ Qfe to the inorganic
particles, as s o@ﬁdh@lgbg 3. ExdhﬁﬂesEQHp Cratg, is 14

an Slve

°rgan;je or ayer



Resi n conpositions and adhesi ve tapes for sem conductor devices were
prepared using "Aerosil" 90G which was used in Exanple 4 and has a nean
primary particle size of 20 nm as spherical inorganic particles, according
to Table 1. The area ratios of the matri x phase to the di sperse phases were
each 70/ 30 and the inorganic particles were concentrated in the interfaces
between the matri x phase and the di sperse - 30 phases. The disperse
phases had a hi gher order chain structure due to the inorganic particles.
Exanple 7 A resin conposition and an a8h&sive tape for seniconductor
devices were prepared as in Exanple 2 except that "Aerosil" R972, which has
a nean prinmary particle size of 16 nm produced by N ppon Aerosil was used
as spherddradsiveorgaydc Hodr ilsd 85y Aot mgrd® vheddHV) obses viedten, the
area ratio of the matri x phase to the di sperse phases was 65/35 and the

I nor ganiangarté clgse werehe et ctal el iayéhealsnd eifipresebetiveen the matri x
phase and the disperse phases. The di sperse phases had a hi gher order chain
st ruct ureokeb ol t hewherorgasni e piar t cohess 1 Exempl € Botsedgintterasvéty 90G

whi ch has a nmean primary particle size of 20 nm produced by N ppon Aerosil
as sphertltiat fnlorgarifee paretiedebye ll&kgenfmay | beaa spakygswes prepared. The
constituents of the silica slurry were 90 parts by weight of the inorganic
particl exlydaiin filerested gogh 19l hagere byr vei Ghtopine heompeimng agent
HP 4032 produced by Dajni hon Ink Chem, and 700 parts by weight of benzyl

al cohol .0The PIRRA dlamiiared ofl thelse! sty s sehet sk tyetrhini 08t rpm f or
30 mnutes with a honogeni zer to prelimnarily di sgerse t he i norganic
particlé%@eeﬁﬁpwﬁﬁﬁ%ﬂﬂ) t}§ not limited té these as long as it

is capable of being peeled without damaging the resin
composition. When protective layers are provided on both
surfaces of the resin composition, preferably, the peeling
resistance of one protective layer is different from that of
the other protective layer. The thickness of the protective
layer may arbitrarily be selected, and preferably it is in
the range of 10 to 125 pm.

The manufacturing process of the adhesive film and the
metallic foil-laminated film for semiconductor devices will
now be described. The shape of the adhesive film and the
laminate film are not limited and may be tape-like or sheet-
like. The adhesive film and the metal-laminated film have a
substrate with a thickness of 20 to 125 pm formed of a
plastic, such as polyimide, polyester, poly(phenylene
sulfide), polyether sulfone, poly(ether-ether-ketone),
aramid, polycarbonate, or polyacrylate, or of a composite
material, such as glass cloth impregnated with an epoxy

resin. The substrate may be formed by laminating a



- 31 stirred with DYNOMLL type KDL A manufactured by WIly A Bachofen
with 850 of zirconia beads having a dianeter of 0.3 mmw th respect to the
capacity of the mlIl at a disk rotation of 3000 rpmat a flow rate of 400
m./mn for 3 hours to mainly disperse the inorganic particles. Thus, a
silica slurry (a) was prepared. Using this silica slurry, an adhesive, that
is, aresin conposition was prepared so as to have the sanme conposition as
in Exanple 4, and an adhesive tape was prepared and eval uated as in Exanple
4. The results are shown in Table 17 A2cording to the TEM observation, the
area ratio of the matri x phase to the di sperse phases was 70/30 and the
inorganic particles were mainly present in the disperse phases and

parti cul@rdpa ity her viicinl tae Rfcddie fiderdaeas. beteesud herdmd may phase and
t he di sperse phases in the disperse phases. The di sperse phases forned a

hi gher aidejuisidatddirng igumtied sphemasd, dsPerse phasesydightly gathered
to be substantially concatenated, as shown in Fig. 4. Exanple 9 Using

" Aer 0si |do Kb Qi st sy dhasc @l drgaina gad meshyy piadd 1 ct@ugherei g, 4hdim  produced
by N ppon Aerosil as spherical inorganic particles, 1 kg of silica ~ paste
was prepssd-adites iconstadtuierd,s iof ndmessdrca Alsoy wiesre 3% parts by - 32
wei ght of the inorganic particles, that is, "Aerosil" OX-50, 65 parts by
wei ght oft tffeged yelnitde cfulidter Ref erericee Benpt e, be0orpatred, by swight of
benzyl al cohol. The liquid mxture of these materials was stirred at 1000
rpm f or Bowituttde wiithe Lamlgemizdreing pregied nkt i3 ylali SparBeCe e

i norganic particles, and was subsequently passed through a 3-roll mll

( EXACT Meg0)eel0-animestad ahdihe heedhot ¢ paf tHee ez R €2 %7 sper sed. Usi ng
this silica paste, an adhesive, that is, a resin conposition was prepared
so as to havé ! ehd AT rdonpELitticads Sadavh Dk diipied Lodnd Te d@ifedi ve tape was
prepared and eval uated as in Exapple 1, The results are sho in Table 1.
Accor di I HRP T He-FEM DHLrY ATTSHACE HRE 4 1T o diLtHORat Fr XY pie (o i he

di sper se.rghases. was_ 70/ sioe. Thsgt i norganic particles Ve € mai nl resent in
e

the mat FARCPIHES B 1F &t S& phasesy Ve TRt 1o eql%pﬂé%/% 205 shown

In Fig'é%ré?gygg(%ﬁg)a solvent or of the inorganic particles, a
solvent, and a resin component may be prepared with a roll
mill, a ball mill, or the like and be subsequently mixed
with a necessary resin component.

In a mixing process, for example, the inorganic
particles, a resin component, and a solvent are mixed. The
solvent is capable of dissolving the resins used, and 1is,
for example, methyl cellosolve, butyl cellosolve, methyl
ethyl ketone, dioxane, acetone, cyclohexane, cyclopentanone,
isobutyl alcohol, isopropyl alcohol, tetrahydrofuran,
dimethylsulfoxide, y~butyrolactone, toluene, xylene,
chlorobenzene, benzyl alcohol, isophorone,
methoxymethylbutanol, ethyl lactate, propylene glycol
monomethyl ether and acetate derived from propylene glycol

monomethyl ether, N-methylpyrrolidone, water, or other



Prepari ng Adhesive Sheet An adhesive solution containing the silica slurry
prepared in Exanple 1 was applied on a 38 umthick polyethyl ene
terephthalate filmwith a silicone rel easing agent ("Film Bina" GI produced
by Fujinori Kogyo) with a bar coaterso as to have a thickness of about 50
um after being dried, and was dried at |20C for 5 mnutes to conplete an
- 33 adhesive sheet of the present invention. Preparing Sem conduct or
Device An electrolytic copper foil with a thickness of 18 umwas | am nated
at 140C and 0.1 MPa onto a adhesi ve TAB Tape, #7100 produced by Toray.
Subsequently, heat treatnments were perfornmed in an air oven at 80C for 3
hours, at 100C for 5 hours, and at 150C for 5 hours, in that order, thus
resul ti ngoiventcoppetaiwihg |l @am hesed JAB dapeheddessDppetd oi |IaAsurface of
the TAB tape was subjected to formation of a photoresist |ayer, etching,
renoval ofalbhkizes) sd,despetsahyfic prekepiphiatomginiellecteon) ydi c gol d
pl ati ng, and application of photo solder resist, as in the usual manner.
Thus a patdernedz¢npeamasnipi epbpdant, The tie ckiles sesy dfe tddded ckel tlzed t he
gold were 3 umand 1 um respectively. The adhesive sheet of the present
i nvent i onixasre ani Patsel matehealearrsuniaed with he Ipatl enhkd, tape at 130C
and 0.1 MPa, and then an I C having an alum nium el ectrode pad was bonded on
t he adhestitvelsteeta byot haribtonpriessidnr ata | FOT! anidl D, 3owPahe Theke C on t he
adhesi ve sheet was subjected to heat treatnment at 170C for 2 hours. A 25-um
| ong gol ¢ FRETRRA bom t 3¢ hge} At maborT e 199PRYeC FRem | @ 9as seal ed
wth a liquid sealant, "Chipcoat! 8118 produced by Nam cs. Finally, solder
bal I's were'ptoVidetf 3 b co %%JetJaO%e‘?’r’rElgn%lu %%’feﬁel'\’ﬁ%bf}gmem?%%ul ting
sem conduct or devi ce had hi gh wire-bondi strength, heat, cycle
r esi stan@'él,&énjds cgaﬁers@%r%%f?%ﬁ? re i@?%n 1oL %r%?‘?%g%%’rrpl elA
resin colnpogiéi onaf;and an adhesive tape were prepared as in Exanple 1 except
that the |no?g%ﬁc %arti cle slurry was not used. According to the TEM
observati on, e .ar ratio of .the .ty se o the djsperse ses was
70/ 30. The diTtsh%er%eS%gha%g[‘?o |ld:ln5c]ﬂ ]Trggrgrﬁg;sn@hﬁﬁcghlenr aops el(rj‘}es Fc du&re]s?1 and
spheric IS hase : t I e ted, .10 Fig. 6.
Compar at Ve Bl 2 7 oy o aED e S G ERIA (ke DoRdRebkl.
prepar ede g | NeEXBHPLE Ky EXEERY &hadq " AdnBEimean SQikdsi Wi chybas a nean
primary particle size of 0.2 to 0.3 Vim produced by Admatechs was used as
spheri cabrd FOFrHany £ Pra¢ tii6l Eone HECOF di g dOhédevd EMpbselyaimofhet he area
ratio of the matrix phase to the di sperse phases was 70/30. The inorganic
parti cl esanegs eopr@sentoi NOO hem Mat Mo xe phasee agidl ¥ het itk spler Sengdbases di d not
form any higher order structure. Conparative Exanple 3

in the range of 2 to 25 pm. The applied resin composition

is dried at 100 to 200°C for 1 to 5 minutes, and thus an
adhesive film is formed. This adhesive film is laminated
with the protective film and is slit into strips with a
width in the range of 35 to 158 mm. Thus, an adhesive tape
used for semiconductor devices is completed. On the other
hand, in order to form a metal-laminated film, the adhesive
film is laminated with a metallic foil, and, i1f necessary,
it is cured.

The resulting adhesive tape for semiconductor devices

and metallic foil-~laminated film are used for a



A resin conposition and an adhesive tape were prepared as in Exanple 2
except that "Admafine" SO C, which has a nean primary particle size of 0.2
to 0.3 Vim produced by Admat echs was used as spherical inorganic

particles. Resin conmpositions which did not contain inorganic particles
(Conparative Exanple 1) and whi ch contai ned - 35 inorganic particles
having a | arge particle size (Conparative Exanples 2 and 3) exhibit no

hi gher order structure, a |ow el astic nodulus at high tenperature, a |large
t hermal expansi on coefficient, and Eoﬁéequently the refl ow resi stance was
poor . - 36 Table 1

Exanpl eExanpl eExanpl eExanpl eExanpl eExanpl eExanpl eExanpl eExanpl eConpar ati veC

onpar at i yecospagattyeldsHhes 89k aswb et AEKanphed 2Exanpéri babyanbde resin

of Ref erence Exanple (part by454550454545504545454545wei ght ) HP4032 (part by

wei ght ) 1645616461563 53563586464 516" Shetof &r BKSs 8 6c3hd36t3b 36vBbe.

Methods for manufacturing an adhesive sheet for
semiconductor devices, using the resin composition of the
present invention and for manufacturing a semiconductor
device using the adhesive sheet will now be described. The
resin composition is dissolved in a solvent and is then
applied on a polyester film having low peeling resistance,
followed by being dried. The surface of the resin
composition applied on the polyester film is laminated with
a polyester or polyolefin protective film having much lower
peeling resistance, thus resulting in an adhesive sheet.
The resulting adhesive sheet is subjected to
thermocompression to be bonded to a copper-laminated TAB
tape with wiring. The other surface of the adhesive sheet
is also subjected to thermocompression to be bonded to an IC
and is then cured at 120 to 180°C. The IC and a wiring
board are joined with each other by wire bonding and are
then sealed with a resin. Finally, solder balls are formed
by solder reflow, and thus a semiconductor device is
completed.
According to the above, the adhesive film for

semiconductor devices, the metallic foil-laminated film, the
semiconductor-connecting substrate, the adhesive sheet for

semiconductor devices, and the semiconductor device can be



35 35 35 35 35 35 35(part by weight)"Shonol" CKM 90855--555--55555(part by
wei ght) I norganic particles (Type,| 201 201 2011 2011 3011 10111 2011 20l
20--1V 201V 20~"'"-1 part by weight)Dispersing tinel h3 h33 h3 h3 h3 h3 h3
rolls-1 h3 hAdhesi on strength

(NI'm 10001000100010009001050100010001000105010001000Ref | ow r esi st ance 270
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formed.
Examples

The present invention is further illustrated with
reference to examples, but it is not limited to the
examples. First, a method for evaluating the resin
composition will be described.
Evaluation
1. Adhesion Strength

An electrolytic copper foil with a thickness of 18 um
was laminated at 130°C and 0.1 MPa onto a 35-mm wide sample
tape with the resin composition serving as an adhesive.
Next, heat treatments were performed in an air oven at 80°C
for 3 hours, at 100°C for 5 hours, and at 160°C for 5 hours,
in that order, to form a copper foil-laminated film. Copper
wiring of 2 mm in width was patterned on the copper foil-
laminated film by copper etching, and the tensile strength
of the copper foil-laminated film was measured. The
measurement of the tensile strength (N/m) was performed at a
tensile rate of 50 mm/min and at 90° with a tensile strength
testing machine, “Tensilon” UTM-4-100 manufactured by
Orientech to estimate the adhesion strength of the resin
composition.
2. Heat Resistance at Soldering

An electrolytic copper foil with a thickness of 18 um

was laminated at 130°C and 0.1 MPa onto a 35-mm wide sample



230 235 235tenperature (C) El astic nodul us at
150C60757510018030901004561820( MPa

) Ther mal expansi on15014012012010013012080120180175174coefficient (ppn O -
37 Table 2 Type of particlesNanme of particlesMean primary particle size
(nmI"Aerosil" OX-50401 1"Aerosil"™ 90&20I111"Aerosil"™ R972161 V' Admafi ne"

SO C1200- 300 - 38 WAT IS CLAIMED IS: 1. Aresin conposition conprising:
a phase separation structure having at | east two phases; and inorganic
particles having a mean primary partiéPe-size of 0.1 umor |ess.

tape with the resin composition serving as an adhesive.
Next, heat treatments were performed in an air oven at 80°C
for 3 hours, at 100°C for 5 hours, and at 160°C for 5 hours,
in that order, to form a copper foil-laminated f£ilm. The
copper foil-laminated film was cut into a 30 mm square.
After being conditioned in an atmosphere at 80°C and 85% RH
for 48 hours, the copper foil-laminated film was immediately
floated on a solder bath for 60 seconds such that the
copper-foil face was upturned. Thus, the maximum
temperature of the solder bath at which swelling and peeling
were not exhibited was determined.
3. Thermal Expansion Coefficient

Only the resin composition serving as the adhesive was
formed into a layer having a predetermined thickness with
laminator, and then heat treatments were performed in an air
oven at 80°C for 3 hours, at 100°C for 5 hours, and at 160°C
for 5 hours, in that order, to cure the adhesive layer. The
resin composition was cut into a predetermined shape, and
then the thermal expansion coefficient of the resin
composition was measured. Using a thermal analyzer,
TMA/SS6000 manufactured by Seiko Instruments, thermal
expansion of the resin composition was measured at
temperatures in the range of 30 to 160°C at a heating rate
of 5°C/min with reference to the length of a sample resin

composition at 30°C, and thus the mean thermal expansion



2. Aresin conposition according to Claim1, wherein the content of the
3. Aresin

I norganic particles is in the range of 5 to 50 wei ght percent.

conposition according to Claim1, wherein the phase separation structure
conprises a matrix phase and a di sperse phase. 4. A resin conposition

according to Caim1, 2, or 3, wherein the inorganic particles are mainly
present in either the matrix phase or the di sperse phase. 5. Aresin
conposition according to Claim1l1, 2, 3, or 4, wherein the inorganic
particles are mainly present in the™i Bflerface between the matrix phase and

t he di sperse phase. 6. A resin conposition according to Claim1l, 3,

wherein at | east one of the matri x phase and the disperse

coefficient (ppm/°C) at temperatures in the range of 30 to

160°C was determined.

4, Elastic Modulus

Only the resin composition serving as the adhesive was

formed into a layer having a predetermined thickness with a
laminator, and then heat treatments were performed in an air
oven at 80°C for 3 hours, at 100°C for 5 hours, and at 160°C

for 5 hours, in that order, to cure the adhesive layer.

The

resin composition was cut into a predetermined shape, and

then the elastic modulus of the resin composition was

measured. The measurement was performed with DMS 6100

manufactured by Seiko Instruments at an oscillation

frequency of 1 Hz at temperatures in the range of room

temperature to 260°C at a heating rate of 5°C/min.

5. TEM Observation

Only the resin composition serving as the adhesive was

formed into a layer, and then heat treatments were performed

in an air oven at 80°C for 3 hours, at 100°C for 5 hours,

and at 160°C for 5 hours, in that order, to cure the

adhesive layer. The phase separation structure in the

adhesive layer was observed by transmission electron

microscopy (TEM), and the area ratio of the matrix phase to

the disperse phases, the shapes and sizes of the dispersion

phases, and the disperse state of the inorganic particles

were determined. In order to determine the area ratio of

4,

or

5



- 39 phase forms a chain structure. 7. A resin conposition ac i
Caiml, 3, 4, 5 or 6, wherein the area ratio of ?Ee mat ri x pﬁg;gl?g ?g
the range of 50 to 95 and the area ratio of the disperse phase is in the
range of 5 to 50. 8. A resin conposition according to Claim1l, wherein the
el astic nodul us thereof after being cured is 25 MPa or nore ai a
tenperature of 150C. 9. A resin conposition according to Claim1l or 8
wherein the ratio of the elastic modul us thereof at 30C to the el astic
modul us thereof at 150C is 30 or |es> 0. An adhesive filmfor

sgnlcpnductor devi ces, conprising: an organic insulating |ayer; and an
adhesi ve layer fornmed on a surface of the organic insulating |ayer, the

A adhedtSo T ACEaTal NG T A ErI0e Foriher conprising & protective
| ayer C%%@%%%t%%lg%%ngiﬁﬁﬁue@umirror” manufactured by Toray) having

a thickness of 25 um was superposed on the TEM photograph of

15 cm square taken at a magnification of 10000 times, and

the areas corresponding to the matrix phase and the disperse

phases were cut out and were each weighed. The measurement

of the area ratio was performed three times and the mean

area ratio was calculated.

Reference Example (Polyamide Resin Synthesis)

Using a dimer acid, PRIPOL 1009 produced by Unichema,
and adipic acid as acids, acid and amine reactants are
prepared such that the acid/amine ratio is about 1, and an
antifoaming agent and 1% or less of phosphate catalyst were
added to prepare an interactant. The interactant was heated
at 140°C for 1 hour, subsequently heated to 205°C, and was
stirred for 1.5 hours. The interactant was left in 2 kPa of
vacuum for 0.5 hours to cool down. Finally, an antioxidant
was added, and thus a polyamide resin having a weight-
average molecular weight of 20000 and an acid number of 10
was obtained.

Example 1
Preparing Inorganic Particle Slurry

Using “Aerosil” 0X-50, which has a mean primary

particle size of 40 nm, produced by Nippon Aerosil as

spherical inorganic particles, 1 kg of silica slurry was



12. Alamnated filmwth nmetallic foil, conprising: - 40 an adhesive
filmas set forth in CQaim10; and a netallic foil |lamnated on the
adhesive | ayer of the adhesive film 13. A seni conductor device conpri sing
a lamnated filmwith nmetallic foil as set forth in daim12. 14. Aresin
conposition according to Caiml1, 2, 4, or 5 wherein the inorganic
particles have a nean primary particle size of 0.08 ~Zmor less. 15. An
adhesive filmaccording to Claim 10, wherein the adhesive | ayer conprises a
t hermopl astic resin and a curing agent.

. A93?. A9u. A. A&. ALN. A&. A9a. A&@&uA A A& A&u, . A9a, . A9;

A9, . Ay. A A A&R. A9u, . A&u. A-A2° A9u. Aly.ALN. A A A .AA . A A AAT

CAAR A LA A



E}:: Me{J K

+? } xsni{ d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cTa] ca] ca] ca] ca]ca]ca]ca]ca]l
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ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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r3ryD "~$}xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]ca]ca]ca
] ca] ca] cafibaktagcaheatca] Tagpcabbakdapcaheat was laminated on a 75-um
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matrix phase to the disperse phases was 70/30 and the
inorganic particles were present in the interfaces between
the matrix phase and the disperse phases. The disperse
phases had a higher order chain structure, as shown in Fig.
1.

Example 2

A resin composition and an adhesive tape for
semiconductor devices were prepared as in Example 1 except
that the silica slurry (a) was dispersed for 3 hours instead
of 1 hour. The results are shown in Table. 1. According to
the TEM observation, the area ratio of the matrix phase to
the disperse phases was 70/30 and the inorganic particles
were concentrated in the interfaces between the matrix phase
and the disperse phases. The disperse phases had a higher

order chain structure due to the inorganic particles, as
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Example 3
Preparing Inorganic Particle Slurry

Using “Aerosil” 0X-50, which has a mean primary
particle size of 40 nm, produced by Nippon Aerosil as
spherical inorganic particles, 1 kg of silica slurry was
prepared.

The constituents of the silica slurry were 90 parts by
weight of the inorganic particles, that is, “Aerosil” 0X-50,
80 10 parts by weight of HP 4032 produced by Dainihon Ink
Chem., and 700 parts by weight of benzyl alcohol.

Using the liquid mixture of these materials, a silica
slurry (b) was prepared as in Example 1 except that the
inorganic particles were dispersed for 3 hours instead of 1
hour.

Preparing Adhesive Tape for Semiconductor Devices

The polyamide resin of the Reference Example, which is
a thermoplastic resin, curing agents consisting of HP 4032
produced by Dainihon Ink Chem. and “Shonol” BKS-316 and
“Shonol” CKM-908 produced by Showa Highpolymer, and the
silica slurry (b) were mixed according to the composition
shown in Tables 1 and 2. Then, a resin composition and an
adhesive tape for semiconductor devices were prepared as in
Example 1. The results of the evaluation for the resulting

tape are shown in Table. 1
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According to the TEM observation, the area ratio of the
matrix phase to the disperse phases was 65/35 and the
inorganic particles were present in the disperse phases and
the vicinity of the disperse phases. The disperse phases
had a higher order chain structure.

Example 4

A resin composition and an adhesive tape for
semiconductor devices were prepared as in Example 2 except
that “Aerosil” 90G, which has a mean primary particle size
of 20 nm, produced by Nippon Aerosil was used as spherical
inorganic particles.

According to the TEM observation, the area ratio of the
matrix phase to the disperse phases was 70/30 and the
inorganic particles were concentrated in the interfaces
between the matrix phase and the disperse phases. The
disperse phases had a higher order chain structure due to
the inorganic particles, as shown in Fig. 3.

Examples 5 and 6

Resin compositions and adhesive tapes for semiconductor
devices were prepared using “Aerosil” 90G, which was used in
Example 4 and has a mean primary particle size of 20 nm, as
spherical inorganic particles, according to Table 1. The
area ratios of the matrix phase to the disperse phases were
each 70/30 and the inorganic particles were concentrated in

the interfaces between the matrix phase and the disperse
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phases. The disperse phases had a higher order chain
structure due to the inorganic particles.
Example 7

A resin composition and an adhesive tape for
semiconductor devices were prepared as in Example 2 except
that “Aerosil” R972, which has a mean primary particle size
of 16 nm, produced by Nippon Aerosil was used as spherical
inorganic particles. According to the TEM observation, the
area ratio of the matrix phase to the disperse phases was
65/35 and the inorganic particles were concentrated in the
interfaces between the matrix phase and the disperse phases.
The disperse phases had a higher order chain structure due
to the inorganic particles.
Example 8

Using “Aerosil” 90G, which has a mean primary particle
size of 20 nm, produced by Nippon Aerosil as spherical
inorganic particles, 1 kg of silica slurry was prepared.

The constituents of the silica slurry were 90 parts by
weight of the inorganic particles, that is, “Aerosil” 90G,
10 parts by weight of the curing agent HP 4032 produced by
Dainihon Ink Chem., and 700 parts by weight of benzyl
alcohol.

The liquid mixture of these materials was stirred at
1000 rpm for 30 minutes with a homogenizer to preliminarily

disperse the inorganic particles, and was subsequently
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stirred with DYNO-MILL type KDL A manufactured by Willy A.

Bachofen with 85% of zirconia beads having a diameter of 0.3

mm with respect to the capacity of the mill at a disk

rotation of 3000 rpm at a flow rate of 400 mL/min for 3

hours to mainly disperse the inorganic particles. Thus, a

silica slurry (a) was prepared. Using this silica slurry,

an adhesive, that is, a resin composition was prepared so as

to have the same composition as in Example 4, and an

adhesive tape was prepared and evaluated as in Example 4.

The results are shown in Table 1.

According to the TEM observation, the area ratio of the

matrix phase to the disperse phases was 70/30 and the

inorganic particles were mainly present in the disperse

phases and particularly in the vicinity of the interfaces

between the matrix phase and the disperse phases in the

disperse phases. The disperse phases formed a higher order

structure in which spherical disperse phases tightly

gathered to be substantially concatenated, as shown in Fig.

4.

Example 9

Using “Aerosil” 0X-50, which has a mean primary
particle size of 40 nm, produced by Nippon Aerosil as
spherical inorganic particles, 1 kg of silica sturry paste

was prepared.

The constituents of the silica slurry were 35 parts by
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weight of the inorganic particles, that is, “Aerosil” 0X-50,
65 parts by weight of the polyamide of the Reference
Example, 200 parts by weight of benzyl alcohol.

The liquid mixture of these materials was stirred at
1000 rpm for 30 minutes with a homogenizer to preliminarily
disperse the inorganic particles, and was subsequently
passed through a 3-roll mill (EXACT M-80) 10 times so that
the inorganic particles were dispersed. Using this silica
paste, an adhesive, that is, a resin composition was
prepared so as to have the same composition as in Example 1
and an adhesive tape was prepared and evaluated as in
Example 1. The results are shown in Table 1.

According to the TEM observation, the area ratio of the
matrix phase to the disperse phases was 70/30. The
inorganic particles were mainly present in the matrix phase,
and the disperse phases were scattered spheres, as shown in
Fig. 5.

Example 10
Preparing Adhesive Sheet

An adhesive solution containing the silica slurry
prepared in Example 1 was applied on a 38 um thick
polyethylene terephthalate film with a silicone releasing
agent ("Film Bina" GT produced by Fujimori Kogyo) with a bar
coater so as to have a thickness of about 50 pm after being

dried, and was dried at 120°C for 5 minutes to complete an

2@
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adhesive sheet of the present invention.
Preparing Semiconductor Device

An electrolytic copper foil with a thickness of 18 um
was laminated at 140°C and 0.1 MPa onto a adhesive TAB tape,
#7100 produced by Toray. Subsequently, heat treatments were
performed in an air oven at 80°C for 3 hours, at 100°C for 5
hours, and at 150°C for 5 hours, in that order, thus
resulting in a copper foil-laminated TAB tape. The copper-
foil surface of the TAB tape was subjected to formation of a
photoresist layer, etching, removal of the resist,
electrolytic nickel plating, electrolytic gold plating, and
application of photo solder resist, as in the usual manner.
Thus a patterned tape was prepared. The thicknesses of the
nickel and the gold were 3 pm and 1 pm, respectively. The
adhesive sheet of the present invention was laminated on the
rear surface of the patterned tape at 130°C and 0.1 MPa, and
then an IC having an aluminium electrode pad was bonded on
the adhesive sheet by thermocompression at 170°C and 0.3
MPa. The IC on the adhesive sheet was subjected to heat
treatment at 170°C for 2 hours. A 25-pum long gold wire was
bonded to the IC at 150°C and 110 kHz. The IC was sealed
with a liquid sealant, “Chipcoat” 8118 produced by Namics.
Finally, solder balls were provided to complete a
semiconductor device. The resulting semiconductor device

had a high wire-bonding strength, heat cycle resistance, and
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solder reflow resistance.
Comparative Example 1

A resin composition and an adhesive tape were prepared
as in Example 1 except that the inorganic particle slurry
was not used. According to the TEM observation, the area
ratio of the matrix phase to the disperse phases was 70/30.
The disperse phases did not form any higher order structure,
and spherical disperse phases were scatteringly separated,
as shown in Fig. 6.
Comparative Example 2

A resin composition and an adhesive tape were prepared
as in Example 1 except that "Admafine” SO-Cl, which has a
mean primary particle size of 0.2 to 0.3 um, produced by
Admatechs was used as spherical inorganic particles.
According to the TEM observation, the area ratio of the
matrix phase to the disperse phases was 70/30. The
inorganic particles were present in the matrix phase and the
disperse phases did not form any higher order structure.
Comparative Example 3

A resin composition and an adhesive tape were prepared
as in Example 2 except that "Admafine” SO-Cl, which has a
mean primary particle size of 0.2 to 0.3 um, produced by
Admatechs was used as spherical inorganic particles.

Resin compositions which did not contain inorganic

particles (Comparative Example 1) and which contained
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inorganic particles having a large particle size
(Comparative Examples 2 and 3) exhibit no higher order
structure, a low elastic modulus at high temperature, a
large thermal expansion coefficient, and consequently the

reflow resistance was poor.
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the content of the inorganic particles is in the range of 5

to 50 weight percent.

3. A resin composition according to Claim 1, wherein
the phase separation structure comprises a matrix phase and

a disperse phase.

4. A resin composition according to Claim 1, 2, or 3,
wherein the inorganic particles are mainly present in either

the matrix phase or the disperse phase.

5. A resin composition according to Claim 1, 2, 3, or
4, wherein the inorganic particles are mainly present in the

interface between the matrix phase and the disperse phase.

6. A resin composition according to Claim 1, 3, 4, or

5 wherein at least one of the matrix phase and the disperse
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resin composition according to Claim 1, whereiln

the elastic modulus thereof after being cured is 25 MPa or

more at a temperature of 150°C.

9. A resin composition according to Claim 1 or 8,
wherein the ratio of the elastic modulus thereof at 30°C to

the elastic modulus thereof at 150°C is 30 or less.

10. An adhesive film for semiconductor devices,
comprising: an organic insulating layer; and an adhesive
layer formed on a surface of the organic insulating layer,
the adhesive layer comprising a resin composition as set

forth in Claim 1.

11. An adhesive film according to Claim 10, further

comprising a protective layer capable of being peeled.

12. A laminated film with metallic foil, comprising:
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an adhesive film as set forth in Claim 10; and a metallic

foil laminated on the adhesive layer of the adhesive film.

13. A semiconductor device comprising a laminated film

with metallic foil as set forth in Claim 12.

14. A resin composition according to Claim 1, 2, 4, or
5, wherein the inorganic particles have a mean primary

particle size of 0.08 pm or less.

15. An adhesive film according to Claim 10, wherein
the adhesive layer comprises a thermoplastic resin and a

curing agent.



