. 6 Decenber 2005 RESIN COWPGOSI TI ON, ADHESI VE FI LM FOR SEM CONDUCTOR DEVI CE,
AND LAM NATED FI LM W TH METALLI C FO L AND SEM CONDUCTOR ¢ hsde2obiSI NG THE
SAME BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates to resin conpositions and particularly to resin
-conmpositions used for sem conductor devices, which nust have excell ent

el ectrical and nechanical characteristics. Specifically, the present
invention relates to an adhesive used for sem conductor devices. Mre
specifically, the present invention—+élates to an adhesive filmused in
tape automated bonding (TAB), which is a nethod for packaging

sem conduct or devices, to an adhesive sheet used for bonding sem conduct or

| nt eqr at ege &1 Gt Sod PrAfly, | ARBEPPFE rr if(IS'Ri§EI@I CROR heyr&ennecting

sem conductor integrated circuits, in order to pac age t CIFCUITS by
wire bondi Rgrp BRMTHATE DS STLFORIYE! %ﬂ%\ﬁx@e FO4S! Agot %@m@:@ﬁﬁu\t@o@ I m and

sheet. 2. Description of the Related Art In general, as anbient tenperature
increases, resin nol ecul esppggereyaciicvegrseaipat the length and the

vol ume of the resin increase and the elastic nodul us deteriorates. Resin
- conposi tions whose size and el astic nodul us easily 6 Decenber 2005 change,
traditionally, cannot be used in high-precision processing. A so, when a
resi n Cc@HOGSROUNID lcammiat edvaiTiical different material, such as, netals or
ceramcs, is subjected to, for exanple, a heat cycle test in which
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 uséd for semiconductor devices. Moxre
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 éircuits to an
interposer, which is a substrate for connecting
semicoﬁductor integrated circuits, in order to package the
circuits by wire bonding, and to a semiconductor device
using the adhesive film and sheet.
2. Description of the Related Art
In general, as ambient temperature increases, resin
_mélecules 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




heati ng and cooling are repeated, the difference between the thernal
~expansi on-coefficients of the resin conposition and the @btkaseniosmterials
- causes an internal stress and degrades. elasticity. As a result, the
adhesi on between the |amni nated |l ayers is degraded and, in sone cases,

del am nation occurs. In addition, resin conpositions used ‘as adhesi ves for
sem conduct or devices are required to have sufficient adhesi on even under
conditions during the heat cycle test and reflow soldering. it is knowmn
that degrading the elastic nodulus of 2he resin conpositions increases the
adhesion -of the resin conpositions. However, this |leads to an increased
thermal expansion coefficient and the elastic nmodul us:is. significantly

reduced cakd@h . emef AN By Al SSUd ud qghﬁ(%&% Or%_g gr aded and the

sol der reflow resistance is ™ poor. On the ot r to reduce

the thergmdceexpansi om soeffidl entrant tom d\ﬁ@@&e 1@ 84 Asd 161 4Ppdyl us of

the resin conpositions, the cross-linking density of the resin

' conposi tdidfetent nereased orswihard, stdtictres éﬁ&&hﬁé% benzene ring, is
i ntroduced. These nethods are effective to 6 Decenber’ 2005 - 3 |ncrease_the

el ast i ¢ sudidais:douto ,ddf arotessiffliei entHaat ed;.&l% Hehe tlhermci—expanm on

~coefficient. As a result, shrinkage on curing of the.resin conpositions
i ncr easélaamlemandstqceds_n%mtet hee deradregs echee | st ficr i ISt veasi [hecauses

" brittle fracture to occur in the adhesive resin conposition. Thus, the
adhesi orrhermae er%%l@@rrﬁ@ﬂﬁﬁl@:@n@ ddgrtddedesAlrs gonpwsition and

the dlfferent materials causes an internal stress and
degrades-elastlc1ty. As a result, the adhesieh between the
,iaminated lajers'is degraded and, in some casesf'
delamination occurs. In addition, resin compositions used
as adhesives for semiconductor devices are required to have
.sufficient adhesicn even under conditions during the heat
cycle test and reflow soldering.

It is known that degrading the elastic modulus of the
resin compositioneridcreases the adhesion of the resin
compositions. Hdwever, thls leads to an 1ncreased thermal

'.expan51on coeff1c1ent and the elastic modulus is

‘ 51gn1f1cantly reduced at high temperature As a‘reedlt the
adhesion is degraded and the solder reflow resrstance is
pooxr. |

On the other hand, in order to reduce the thermal

3g:expan31on coeff1c1ent and to increase the elastlc modulus of
the resin comp051tlons, the'cross—llnklng den51ty'of the
resin.compositions is increased or a hard structure, such as

benzene ring, is introduced. These methbde are effective to




anot her nethod, glass fiber, inorganic particles of silicon oxide, or the
like are added to a resin material whose elastic nmodul Uspd.SutPiipat room
tenperature to reduce the thermal expansion coefficient and to increase
the elastic nodulus at high tenperature of the resin conposition.

However, in this instance, a | arge anount of inorganic conponent have to
be added, and consequently the proportion of organic conponents is

rel atively reduced, so that the resulting resin conposition becones
brittle and the adhesion of the resi® conposition is significantly
degraded. SUMVARY OF THE | NVENTI ON Accordi ngly, an object of the present
invention is to provide a highly adhesive resin conposition having a high

sol der- rigfdi il ACR & NINGS Bl QPANF! A G08lMeGl g aRd 2 high

el astic nodulus. The present 1nvention is directed to a re conposi tion

Conpri sivkl thahase SRAAIIPEAAUIWE hawg AlsdigastHhWeahases; and
inorganic particles having a nean primary particle size of 0.1 pmor |ess.

6 Decenbgl 200hg & tHee r&¥itreMonlo 4itg drROrigRHcG RANHE@S 1My rfhesi n the
range of 5 to 50 weight percent. Preferably, the phase separation structure

conpri sesida thaatinicr cphase «dnttd dinsprise phasay R=efewablnitttibe i norganic
particles are mainly present in either the matri x phase or the disperse
phase. fAlacgurat itvelogcutrhan ribreganihe sparet irelsds: raynphe itdionl.y phesent in the
interface between the matri x phase and the

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 :educe 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

rat least two phases; and inorganic particles having a mean

primary particle size of 0.1 pm or less.




di sperse phase. Preferably, at |east one of the matrix phase and the

di sperse phase forns a chain structure. Preferably, the at{.0 of the
matri x phase is in the range of 50 to 95 and the area ri?%%m%¥&¥ﬁe

di sperse phase is in the range of 5 to 50. Preferably, the elastic nodul us
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 150Cis 30 or |less. The
present invention is also directed tofan adhesive filmfor semi conductor
devi ces. The adhesive filmconprises an organic insulating | ayer and an
adhesi ve layer fornmed on a surface of the organic insulating |ayer. The

adhesi ve | ayge 6OARELEESE ! HBe I £8Py £OIPSA L O Lesely hed ghoue. 6 Decenber
2005 The adhesive filmmy further Tonprise a protective |ayer capabl e of

bei ng peghgd. oFhe pbeggnhe&gﬁgnbggaehg_also directed to a netallic
foil-lamnated fil mconprising the above-described adhesive filmand a

metal lic foibrépstamiated oie t i selhesdaead Byerstofucte adhgsi v id m The
present invention is also directed to a sem conductor device conprising
t he nmetmbkiréxf phhskanhnatedispebae Byassing the resin conposition of the
present invention, which has a | ow thernmal expansion coefficient and
' 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 phaée 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 coﬁposition at 30°C to the elastic modulus at 150°C is
' - 30 or less.
The present invention 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.




a high elastic nodulus, as an adhesive for sem conductor devices, a

sem conduct or device including an adhesive |ayer havingsgxegid et refl ow
sol dering resistance and adhesion can be achi eved. DESCRI PTI ON OF THE
PREFERRED EMBCODI MENTS A resin conposition of the present invention has a
phase separation structure between at | east tw phases and contains
inorganic particles having a nean primary particle size of 0.1 }gymor

| ess. The inorganic particles are not limted to being spherical but may
be elliptical, flake, rod-like, or -fisbrous. The nean prinmary particle size
of the inorganic particles is 0.1 pmor less and preferably in the range of
1 6 Decenber 2005 - 6 nmto 0.08 pm A nean primary particle size |arger

than 0.1 pmy dlffl ult to ce the thermal ex i,on

coeffi ci ent o tﬁghﬁééln co%p05| SHfgﬁar G I"REFESSE PRE egiég?lc nodul us.
The mean éfﬂ%’ rtb%!%éT %ﬁ%_neans t he hi ghest frequency in the
particle size StTibuti on o e |norgan|c partlcles when t hey exi st

Independent|yheTBQeSgﬁ@anQEHEEan%Et5§E? égcﬁgﬁo Qrﬁé%gﬁiﬁﬁhe di anet er

of the particles when they are spherica the maxi pum I en when t hey
are e”'ﬂaﬂﬂﬁﬂaM¥hﬂHé@-ffm&e%ohﬂ%lgéhb'%E%Sa%%%e4a§$éfﬂﬂ%do dH 1Q%§ the

~mean primary particle size represents the maxi mumlength
| ongi t udiinal adiar ecticen 119k trhe 1pakkiighesq FHhe tmi%a%dl?lféls%@’ 1%%&4 Jee size of

i norganic particle powder can be nmeasured by a | aser
- di f fractthenksibeitier mgimet hod or a dynamic |ight scattering
| 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 pm 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 upm or less and preferably in the range of 1




met hod. However, the neasuring nethod needs to be appropriately selected
depending on the particle shape, the nethod for preparipg.d-R6P@sti cl es,
the medium for dispersing the particles, and the nethod 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
conposition and preferably in the range of 7 to 30 weight percent. A
content of the inorganic particles snmaller than 5 wei ght percent nakes it
difficult to reduce the thermal expartsi-on coefficient of resin conmposition
and 6 Decenber 2005 - 7 to increase the elastic nodulus. A content of the
inorganic particles nore than 50 wei ght percent gradually degrades the

adnesi onyfrd e, d@Sin. COMRAS IAmAY JNATGAN GPA LLLIGS, IEhid g

ceram cs may be used in the present \ ion. ean%r ceramc ‘particles
i ncl ude i M 16 £ 7 ANALLCF POWHRY 1+ P QARTcdT PH M8 gl %%;%a@{gqoglcer am cs, and

crystallized glass. Sinple ceram c powder includes alumna (A1203),

zi rconi aod A 0Z)eniTagnesiad AMI@ cdagyod ilt idd Befd .t uldddedi s 342 3. 2Si 02),
cordierite (5Si 02=2A1203. 2O, spinel (MyOA1203), forsterite (2MgO Si 02)

, anort hilest {CatAl203; 2SiT0R) meeel §HramBa@Ak203:12SIs02)k, heidd erRa0S 02),
enstatite (My0Si 02), and alum niumnitride (ALN). Preferably, the purity
of t heséeertdgie powtiergidmn: O meihghtpa midrcdents icle make.r iWeA oal WH Ni um
nitride powder is used, 0.5 to 20 weight percent of calcium additives,
such as tb&CZnorganic particles when they exist independently. The
-mean primary particle size also represents the diameter of
the particles when they are spherical and the maximum length
when they are elliptical or flat. When the parﬁicles are |
rod-like or fibrous, the mean primary particle size
represents the maximum length in the longitudinal direction
of the particles. The mean primary particle size of
inorganic particle powder can be meaéured by a laser
diffraction/scattering method or a dynamic light scattering
method. However, the measuring method needs to be
appropriately 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 bf the inorganic particles is in the range
of 5 to 50 weight percent relative to the sclid 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




Cav3, CaCN21 CaF2, and CaO, or of yttrium additives, such as Y203, may be
added to the powder. Powder mxtures nmay be added mhichﬁﬁgg$@+ﬂ§50.01 to
15 wei ght percent, on a netal elenent basis, of additives including
yttrium rare-earth metals, alkaline-earth netals, and carbon; 1 to 5

wei ght percent of carbides, such as MgC21 zZrC, VC, and NbC, or oxi des,

- such as BeO A preferred content of additives is 1 to 10 weight percent of
Y203 and BeO, 1 to 5 weight percent of calciumoxide, or 1 weight percent
or less of carbon. A 6 Decenber 2005 single additive or a m xture of two or
nore additives may be - used.' The powder m xture of glass and ceramcs is,
for exanple, a glass conposition powder containing Si02, A1203, CaO or

P208. otk [ fndigaseane MU Modud NS AT oPent Tke! {rorddif povder

m xture of glass and ceramcs contains S

PhO- 5103:AKA0%L0L Jlans PQE A EWDAlASS Molhited ikg and at

| east one ceram c conponent selected fromthe group consisting of alum na,

zi rconi aagheRgResicy ey Wddia, J8tdddiasigordierite, spinel, forsterite,
anorthite, celsian, silica, and alumnium nitride. The crystallized gl ass

is, for exanphg, iMg©gAh203pSir02c1eandnkilZ20HiAE203 8@ sChyst akl ized gl ass.
The crystallized glass is prepared such that, for exanple, B203 and a
nucl eat iimg tingt @rrieslendr 6 naddierd oo MERAI0316 1 glias parifiallawed by bei ng
calcined at a tenperature of 900 to 1000C to separate out cordierite
cryst al $ned vdeciséawd et lre rsimiengolwdetrhe penfde momistatret ket ol assclaenmt i ng
material is added to |
ceramics, and crystallized glass.
Simple ceramic powder includes alumina (Al,05), =zirconia
(Zr0,), magnesia (MgO), beryllia (BeO), mullite °
(3A1,05-2S10,), cordierite (5510,-2A1,05+2Mg0), spinel
(MgO-Al,03), forsterite (2Mg0O-Si0,), anorthite
(Ca0-A1,04-2510,}, celsian (BaO-Al,0,-28i0,), silica (8i0,),
enstatite (MgO-Si0,), and aluminium nitride (AIN).
Preferably, the purity of these ceramic powders is 90 weight
percent or more. When aluminium nitride powder is used, 0.5
to 20 weight percent of calcium additives, such as CaC,,
. Cav0;, CaCN,, CaF,, and CaO, 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,, ZrC, VC, and NbC; or
" oxides, such as BeO. A preferted 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




Li 02- Al 203-Si 02 gl ass, followed by separating out spodunene to increase

- the strength thereof. D atomte, zinc oxide, calcium carpgnal&,dd%ca,

fl'uor ocarbon resin powder, dianmond powder, and the like may be used as the
i norganic particles. The inorganic particles my be subjected to surface 6
Decenber 2005 treatnent, if necessary. Exenplary surface treatnents

i nclude water-repellent treatnent using silicone oil or the Iike,

hydr ophobi ¢ treatment or hydrophilic-treatnent using silane coupling agent
or the like, and introduction of or ~af —organic functional group, such as a
hydr oxyl group, an am no group, a carboxyl group, an epoxy group, an
acrylic group, a vinyl group, an al kyl group, or an aryl group. The

surf ace stirefteeRidits v@pRIORr ndt@hit«Sdreaked o0 oy avRri takbisniky, Wt h the
resin conposition, cohesion in the interface between the inorganic

particl essemnd resin conposition, dispersion or the |like. The phase
separation structure in the present invention neans that a plurality of
phases i s pr&benpoiwdeprgantuorecofipghentsanfi theamessnigpnpoesition and the
conformati on of phases may have di sperse/ matri x phases, a lattice |am nate

- struct uegaipdee| lradlialke sompeositépn powdehersntBiefiegablip,, Ahgphase
separation structure has a matrix phase and a disperse phase. The matri x

phase r&R&rsofobrfie milth bhasecessrrhe Nds el Weparcat itdre Stirkect ure of a
cured resin, conposition. The disperse phase refers to a phase in the

matri x pR&SeF15Ad Liray thevBOHAR rsRApEUrRcPidDAgss spHeceramiybi nder-| i ke

shape, and_indefinite_shape. Preferably, a
contains 51i0,-B,0; glass, Pb0O-Si0,-Al,0;-B,0; glass, Ca0-Si0,-

Al,03-B,05 glass, or the like and at least one ceramic
component selected from the group consisting of alumina,
zirconia, magnesia, beryllia,.mullite, cordieri£e, spinel,
forsterite, anorthite, celsian, silica, and aluminium
nitride.

The crystallized glass is, for example, MgO-Al,05~-510,
and Li,0-Al,0,-Si0, crystallized glass. The crystallized
glass is prepared such that, for example, B,03; and a
nucleating material are added to MgO-Al,05;-510, glass,
followed by being calcined at a temperature of 900 to 1000°C
to separate out cordierife crystals to increase the strength
thereof, or such that a nucleating material is added to

- Li0,-Al1,053-Si0, glass, followed by separating out spodumene
~to increase the strength thereof.

Diatomite, zinc oxide, calcium carbonate, mica,
fluorocarbon resin powder, diamond powder, and the like may
be used as the inorganic particles.

The inorganic particles may be subjected to surface




plurality of disperse phases forns a chain structure. In the chain
structure of the disperse phase, two or nore independendpdisReige phases
are linked and formany one of a 6 Decenber 2005 - 10 |linear, a conb, an
dendritic, and an asteriated structure to forma higher order network
structure. Preferably, the area proportions of the matri x phase and the
di sperse phases are in the range of 50 to 95% and in- the range of 5 to
50% respectively. Preferably, the content of the inorganic particles in
the resin conposition is in the range%f 5 to 50 wei ght percent.
Preferably, the inorganic particles are mainly present in either the-
matri x phase or the di sperse phases, but not present in both phases
uni form j+hor; i rticl inly present in the interfaces
betmeen-&%?égm%gﬁgifgﬁﬁgggxgﬁi fhe%%FggéFgg %%523§F gﬁgaﬁpgpg?ably they are
mainly pgr [ GIAl f LAt erfaces .i e_matrix ase.
Still ngfggg?%?g?g%$§?¥¥%gﬂé%§pgfggQﬁgﬁgsgglggr%ﬁ%qgﬁégnog?rggtEgg in which
at | eastLitpen diRRYLHRLIRNAIRS takat! bIked aBanthe o fﬂ%&%{ﬁbﬁtp%ﬁhg' es are
mainly present in the vicinity of the interfaces between the matrix phase
and t he sdilspey suphdses agenithe rmehel X ipbBasasd ehttRaucdispersecphages form
the chain structure in which at |l east two disperse phases are |inked and
t he i norgamind cpatunictliesalage o, nkychr asent hpdtbeydi §@@{1ﬁ¢ phases. The
area ratio of the matri x phase to the di sperse phases, the formation of a
hi gher emder graup,str vetboeylagdoupheant apexof gkbepi nangasigiparticles in
t he phase separation '

group, a vinyl group, an alkyl group, or an aryl group. The

surface treatment is appropriately selected to improve
affinity with the resin composition, cohesion in>the
interface between the inorganic particles and resin
composition, dispersion or the like.

The phase separation structure in the present invention
means that a plurality of phases is present in organic
components of the resin composition and the conformation of
phases may have disperse/matrix phases, a lattice laminate
structure'(lamella—like structure}, or others. Preferably,
the phase separation structure has a matrix phase and a
diséerse phase. The matrix phase refers to the main phase
in the phase separation structure of a cured resin

. composition. The disperse phase refers to a phase in the
matrix phase, and may have any shape including a sphere,
cylinder-like shape, and indefinite shape. Preferably, a
plﬁrality 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



structure may be determ ned according to the conmponents in 6 Decenber 2005
11 the resin conposition and the nethod for dispersing {h&.miSHREani c
particles. The matri x/di sperse phase separation structure, the dispersion
of the inorganic particles, the state and higher order chain structure of
t he di sperse phases are observed by transm ssion electron m croscopy (TEM
in which the resin conposition is stained with osmic acid, ruthenium

oxi de, phosphotungstic acid, or the like, if necessary. The area ratio of
the matri x phase to the disperse phases Ls observed by, for exanple, inmage
anal ysis of a TEM photograph. In order to neasure the area ratio of the
matri x phase and the  di sperse phases, a transparent film having a uniform

thickness and speC|f ravjt . be superposed on the TEM photograph and

t he areg' 6P hE ¢4 érg%16%§é£?%% 5ﬁﬁféHPQﬁ¥§4ﬁ9qq rﬁt?%ﬂ¢) dgby bei ng

cut out ei he f er abl the el astic nmodul us of the resin
t%r}% % hr?L%hbel ok dder % %S%ﬁa *ore at 150C. t he

conposi tion af ng cur & Pref erably,

ol s modubbackatb?y At cAEC kgalgggpogé_% A8l G IRdulus 3L BRGLL(el astic

nodul us at 1 or less est esin

- CONPOSI LN 4 e i sBl3st h@%@%l USd ﬁ_nz%hh emyf_e 5@%# hig o€l %f' i modul us

ratio at 30C to 150C is 30 or |ess. stic us |s ess than. 25
"MPa at %@@CKah%@tOqe@eﬁ@t@@,byr@sﬁg Qqh@g&ﬂeV|ce softens the adhesive | ayer
e

of the adhesive filmfornmed of resin-conposition, consequently
creating 6 Deeenbeab2005the content of the inorganic particles in
the resin composition is in the range of 5 to 50 weight
percent. Preferably, the inorganic particles are mainly
present in either the matrix phase or the dispefse phases,
but not present in both phases uniformly. The inorganic
particles may be mainly present in the interfaces between
the matrix phase and the disperse phases; and preferably
they are mainly present in the vicinity of the interfaces in
the matrix phase. Still more preferably, the disperse
phases form a chain structure in which at least two disperse
phases are linked and the inorganic particles 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 métrix phase to the disperse
phéses, 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




.12 a hollowin a wring pattern or causing an adhesion failure between a

wire or chip and the wiring pattern. |If the elastic nodyhddsadepdch® at 30C
to 150C is nore than 30, a warp is liable to occur in the adhesive film

More preferably, the elastic nodulus is 50 MPa or nore and still nore
preferably 80 MPa or nore. Also, nore preferably, the elastic nodul us
ratio at 30C to 150Cis 20 or less and still nore preferably 10 or |ess.

The resin conposition having the above-described characteristics has not
been known yet. By adding a small -anbunt of inorganic particles to the
resin conposition, a reduced thermal expansion coefficient and an

i ncreased el astic nodul us can be achieved, and the resulting resin
conposi in@n ean nbe Highly ;adhesives s helk$cePns, dered that —the inorganic
particles concentrat % im'the |nterFa@§§ Obeg%%égl% & "iva gi%gﬁhase and the

dispersgﬁggggggca@grtg%hgg[ng in the disperse phases allow the disperse
phases to orm a higher order chain structure so that the |ongitudina

expansi on anthéngavol Wt sher 6XNaRSLEN-Ohakle16ASLBruELAPOS! LEAN al heating
~and cooling are reduced and thus the thernmal expansion coefficient is
reduceddiBpeesibh bg teenshdegadithphrihe1BsghehcOk@gtCARHNKILHUE Ure
inhibits the fluidization of the resin conposition and thus the elastic
nodul usoirserncheasedtatichigh teénpreatiisperibephasikk 6eBPESELF@BJOLy t he
present invention having 6 Decenber 2005 - 13 the phase separation

struct uteasent asasnacpkutabnt piofosespyg (TEM) in which the resin

composition is stained with osmic acid, ruthenium oxide,
phosphotungstic acid, or the like, if necessary. The area
ratio of the matrix phase to the disperse phases is observed
by, for example, image analysis of a TEM photograph. In
order to measure the area ratio of the matrix phase and the
disperse phases, a transparent film having a uniform
thickness and specific gravity may be superposed on the TEM
photograph and the areas of the disperse phases are copied
on the film, followed by being cut out and being weighed.
Preferably, the elastic modulus of the resin
composition after being cured is 25 MPa or more at 150°C.
Preferably, the elastic modulus ratio at 30°C to 150°C
((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



conponents including thernoplastic. resin or thernosetting resin. The
thernoplastic resin used in the present invention incluges.hedysisefin such
as pol yet hyl ene, pol ypropyl ene, and ethyl ene copol yners, styrene resins
such as polystyrene and ABS resin, polyvinyl chloride, vinylidene

chl oride, polyethylene terephthal ate, polyethyl ene naphthal ate,

pol ybutyl ene terephthal ate, polyacrylate resin, polyoxybenzoyl,

pol ycar bonat e; pol yacetal, pol yphenylene ether, and polyimde, and it is
not limted to those as long as it-has plasticity at tenperatures in the
range of 80 to 200C. Preferably, polyam de resins are used in view of
stability at high tenperature and electrical characteristics. Mire

f f I ti.V ol de contai.nin
G car bosy 1o 3eet dthal Frig 5% e, o et Y56 %%Weﬁega FEARPTRC d) s
sed. | R QgnRsr 3 r 0 d re repared in
?he usu21 proceggmﬁggiﬁﬂggﬁﬁ e%?g?ﬁg% gﬁ@&BﬁQ%aQ' gkdlgnlnep AF t he

sane timBasAid GRIRANY &atas Gt S%Hth%sl%@wﬁfgsa&er agghake_ agid, or
sebacic acid, may be added as a copolymerization conponent. The di ami ne

|nC|Ude&ax%¢hﬁ'Q@@$F@“t%eocQ%%aﬁﬁtQﬁ%?%@%b%qb@eflﬁﬂg pi perazine. From the
vi ewpoi nt of hygroscopicity and solubility, two or nore diamnes may be

m xed. 6 DecHoberp280brabl¢, Pneferabtyc hbeutoest eatsofmphest hesropl astic
resin in the resin conposition is in the range of 1 to 90 wei ght percent.
| f the ecoxdtentildf nbhe pherfewpbast 8O M@ai Bri solkkeSS Also, more
- preferably, the elastic modulus ratio at 30°C to 150°C is 20
or less and still more preferably 10 or less.
The resin composition having the above—descfibed
characteristics has not been known yet. By adding a small
amount of inorganic particles to the resin composition, a
reduced thermal expansion coefficient and an increased
elastic modulus can be achieved, and the resulting resin
- 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
thé fluidization of the resin compcsition and thus the
elastic modulus is increased at high temperature.

The resin composition of the present invention having




than | weight percent, the resulting resin conposition does not becone
flexible, and when it is used as the adhesive layer of ap.aghesjye film
for sem conductor devices, a fracture can occur in the adhesive |ayer. If
the content is nore than 90 wei ght percent, the resulting resin
conposition becones too flexible to bear a | oad when sem conduct or chips
are nounted. Consequently, a large hollowis created in the adhesive |ayer
and thus adhesion failure occurs. Preferably, the content of the

t hernmopl astic resin is in the range g8 20 to 70 wei ght percent. The
thernosetting resin used in the present invention includes phenol novol ac
epoxy conpounds; cresol novolac epoxy conpounds; bisphenol A epoxy

compoun shhe 0l ounds |spheno e cQ ounds; epoxy
c0rrpoun&%1 r |a\?%d%fe oarﬁaé&t% ﬁhenoﬁe te)cno pr%ap%"’ﬁﬁ%/ a1V resin

havi f
pﬁ\élnglg 3:&@ I oeg{atﬁst gé{%glghrggl n, Igrﬁﬁg%tg{q% Igegsg?;%%or%loun e tjtné‘lr ocyclic

~epoxy caompoupds; glycidyl ester epoxy conpounds produced by reaction of a
pol ybasic acid, such as phthalic acid or dimer acid, with

eD'Ch'OFOhydTh@,tﬁb¥ﬁb9&b@ﬁheer@BQ%YuE@HDQH“QﬁeprQH%ﬁ@ Qﬁveh%éehlon of a
pol yam ne, such as di am nodi phenyl met hane, 6 Decenber

di ani nodinphemidss Wolgra e fah is$REY ARUHHA ya&ing:1 eilel, h poq@;pquq;rl@?ﬁédr lafhd
brom nat ed epoxy conpounds; and epoxy -conpounds having a cyclohexene oxi de

struct Urthydetle aspel yrapisol achorecderatinsatsedh as polystyrene and

3, 4- epoxycycl ohexyl net hyl - 3' , 4' - epoxycycl ohexane car boxyl at e,

tri.met BAEScapsdnacpoigvinyl chloride, vinylidene chloride,
polyethyleﬁe terephthalate, polyethylene naphthalate,
.leybutylene terephthalate, polyacrylate resinﬂf
polyoxybenzoyl, polycarbonate, polyacetal, polyphenylene
ether, and polyimide, and it is not limited to those as long
as it has plasticity at temperatures in the range of 80 to
200°C. Preferably, polyamide resins are used in view of
stability at high temperature and electrical
characteristics. More preferably, a flexible, less water-
absorptive polyamide containing dicarboxylic acid having a
carbon number of 36 (so-called dimer acid) is used. In
general, polyamide resins containing dimmer acid are
prepared in the usual process by polycéndensation‘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.




denaturated 3, 4-epoxycycl ohexyl met hyl - 31, 41- epoxycycl ohexane carboxyl at e,
or P-nethyl-S-val erol actone denaturated 3, 4- epoxycycl ohgpylsagt hask- 3",

4' - epoxycycl ohexane carboxylate. In addition, organopolysiloxane having a
gl ycidyl group and silicone-denaturated epoxy conpounds produced by
reaction of the above-descri bed epoxy conpounds with organosil oxane
havi ng a carboxyl group may be sued. At |east two conpounds of the epoxy
conpounds and the silicone-denaturated epoxy conpounds nay be conbi ned.
Preferably, in addition to the epoxy ¥&stn, the thernosetting resin
contains a curing agent capable of reacting with epoxy resin. Exenplary
curing agents include polyam nes, such as diethyl enetriam ne,

triethyl enet i I Lan n

pol yam des.  EGER A8 Kol Ve Gnararers Ry P AleBegLERET K aR A

anhydri dg,e Falshyl LRy drephtialic t@@hﬂwg%eof hexahyer qrl gml ic
anhydride, trinellitic anhydride, and methyl nadic anhydri

3- am nopkereht .r eger ¢heol-ontahechel fr_heh)‘.ﬂre(iﬁl'é'p'l@@%lcp)ﬂe%g%l el Ness

3- hydr oxybenzoi ¢ acid; 3- cyanophenol; 2, 3-di am nophenol ;

2- aﬁlnOt&ahydrQéﬁbﬁmzpb@c@nﬁeCQﬁBeEe%QQElngléesaﬁl@omp081tion does

3- hydr oxyphenyl acet am de; 3-hydroxyi sophthalic acid; 3-hydroxyphenyl acetic
aci d; 3nphebeksukf diexibtied; apherakinc itr €si nsedsueh tas pbeeeliveovol ac,
phenol aral kyl, bisphenol A, and bisphenol F;-resol-type phenol resin;
terti aryageirnes, ansadheas vpolfyimr Capt apni2oatihylto4- newhykisyi dazol e, and
tris(di met hyl am nonet hyl ) phenol ; and Lewis acid conpl exes, such as boron
‘trifluofiraetarhyram neceonphekhebatihehéveulaggr. If the content is

more than 90 weight percent, the resulting resin composition
becomes too flexible to bear a load when semiconﬁuctor chips
are mounted. Consequently, a large holleow is created in the
_adhesive layer and thus adhesion failure occurs.

Preferably, the content of the thermoplastic resin is in the
range cf 20 to 70 weight percent.

| The thermosetting resin used in the present invention
includes phenol novolac epoxy compounds; cresol novolac
epoxy compounds; bisphenol A epoxy compounds; bisphenol F
epoxy compounds; bisphenol S epoxy compounds; epoxy.
compounds derived from a thiodiphencl, phenol, or naphthol

~aralkyl resin having a xylylene bridge; epoxy compounds
derived from a phenol-dicyclopentadiene resin; alicyeclic
epoxy compounds; heterocyclic epoxy compounds; glycidyl
ester epoxy compounds produced 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 diamincdiphenylmethane,



agents-are not limted to these. Preferably, phenol resins are used as a
curing agent for the thernosetting resins and the epoxyéb§§}ﬁ§ﬂm heno
resins are conpatible with polyam des, and serve as a sultable blending
material to give the polyam des adequate thernmal resistance and disruptive
- strength when the polyanides are set. The thermal resistance and the

di sruptive strength are inportant to the bal ance between the insulation
resi stance and t he adhesion of the resin conposition. The content of the
thernosetting resin in the resin cenp®sition which results in the adhesive
| ayer of the ..adhesive filmis in the range of 0.1 to 80 wei ght percent
and preferably in the range of 20 to 70 wei ght percent. A thernosetting
resin content |ess than 0.1 weight .percent .reduces the.thermal resistance
of the a agrg!ﬁnvoeaejlp%/eel}y asnl‘fcj’lL %Onﬁ’hgjrrhﬁsséltcﬁaﬁldlrrlecsiaH: nt"ert® nore than 80

wei ght cant des f i pili Q hesi ve | ayer, and 6
Decgnbefe%zjo q{oqﬁg{ﬂgg’ns%%ﬁﬂelr{{aleeécpf EJfo%(é’ctcg(l?r“éj%oCn(i&ﬂsr’s ainrrf{3 tel?t-‘?g( gdhesi ve | ayer.

Aso. a CHIAMACSRIAA Of dy R Added. o examle. kg LAcgel erators

i ncludi ng aromati c polyam ne, boron trifluori am né conpl exes, such as

boron t rdfd Anrd de,dd idduth At e ﬁqimpﬁ&gcjj@-l%gdyqn@%@fgia@’\{gsh such as

2-al kyl -4- net hylim dazol e and 2- pheny al kyl'it m"dazol €, organi c acid,

~ such as giRalyic oiewedd de gk 1EEE! kidie tahydibda a ctdingyandi ani de, and
tri phenyl phosphi ne nmay be used. Preferably, the content of the curing
accel er ale@ratirat®d 3, 4-epoxycyclohexylmethyl-3"', 4'-epoxycyclohexane
carboxylate, or PB-methyl-d-valerolactone denaturated 3,4-
epoxycyclohexylmethyl-3, 4’ —epoxycyclohexane carboxylate.
In addition, organopolysiloxane having a glycidjl group and
silicone-denaturated epoxy compounds produced by reaction of
the above-described epoxy compounds with organoéiloxane
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 agehts include
polyamines, such as diethylenetriamine, triethylenetetramine,
mmxylenediamine, 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;
hydroguincne; pyrogallol; 3-hydroxybenzoic acid; 3-

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




- wei ght percent or less in the adhesive layer. In addition, an organic or

i norgani ¢ substance, such as an antioxidant or an ion Sg£gMeNesfos My be
added unl ess it degrades the adhesion of the adhesive |layer. The resin
conposition of the present invention may be used for resin substrates,
fibers, undrawn filns, drawn filnms, hot pressing materials, nulti |ayer
substrate, netallic foil-lam nated substrates, paints, adhesives, and the
like. In particular, the resin conposition is advantageously used as an
adhesi ve for sem conductor devices -begause it is highly insulative.
Specifically, the resin conposition is used for nulti |ayer substrate,
adhesive filns, adhesive sheets for bondi ng sem conductors and w ri ng

Porras AN AR AT RUPSLIA SR SIS REILKE AAET TRy De

formed onan adhesive-’a t'he adhesi & present i nvention

L L8 SR A0S 0 A Y, A S o

by dust, ol ive 1Tayer so 1 nproves the

wor kabi |4 e e .[.eS] it i Lo a s\ i film
ety nahen { aﬁa?h%n%qm%ﬁi'ola% p?lécrﬂzg_gra%()% 133,%{ fb:ﬁ]esrr%}hgntcﬁ

The protective |ayer e a pol yester “or oated'with

- silicongngr na sihhd@iing ;coRrREUNG oI RdRRAedAM Natad (WA Ahins ol yest er
or polyolefin, and the protective [ayer is not limted to these as |ong as

it is capabke @blheirgapeaned 2wietihgut- 10am@aiyg ntike 78S ,N aroNposi ti on.
When protective |ayers are provided on both surfaces of the resin
conposi tirds,(dpmeferabny notnke hgeebhegolr;esinst arGA sOfaddre Jonpliecddsve | ayer is
different fromthat of

such as boron trifluoride ethylamine complex, but the curing

agents are not limited to these.

Preferably, phenol resins are used as a cuxing agent
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 baiance 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 rangerof 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




| the other protective layer. The thickness of the protectfve | ayer may .
arbitrarily be selected, and preferably it is in the rangg.Qf 48sto 125
pm The manufacturing process of the adhesive filmand the netallic

foil-lamnated filmfor sem conductor devices will now be described. The
shape of the adhesive filmand the lamnate filmare not limted and may
be tape-like or sheet- l|like. The adhesive filmand the netal-lamnated film

- have a substrate with a thickness of 20 to 125 pmfornmed of a plastic,
such as polyimde, polyester, poly(pheny ene sulfide), polyether sulfone,
pol y(et her-ether-ketone), aramd, polycarbonate, or polyacrylate, or of a
conposite material, such as glass cloth inpregnated with an epoxy resin.

The sub t e forned., b anmi natin 6 enber 2005 - 19 plurality
of fl|ﬁ§%é%| eélg?on1Fﬁése ¥?h8C§&5§t%§t§hﬁa§%% lgﬁbﬁggﬁéd to surface

(" eat mogy - such A3 MARAl e, coqonana il ashange. roal duBlgsun. Blyal ca

roughenlng and eas hesive coa necessary.

St'ffne%%c%ﬁe&@%o%nghﬁﬁhﬁlhﬁ EQ%ma@%btBo@gahﬁﬁ@tegorgnSE&EEluBkéHbor the

| i ke capabl e of being peeled”in a later cess I'am nat ed on the

rear suphaee ebmbm@xggbsgh@heasTB%rbaowamﬁoeaatel %k%tﬂg«xaﬁgn@ xed into
the resin conposition using a kneader or the ke. Alternatively, an

i nor gantempakeki, CligipasbecOHesh HaEY veanPased aE QhéleQL@anlc particles and
a solvent or of the inorganic particles, a solvent, and a resin conmponent

may be peepgnefidkizbla mabl 2- prhlahyla4bankyminhda@bltaheokglﬁﬁlandcba
subsequent |y m xed
such as phthalic anhydride and trimellitic anhydride,
dicyandiamide, and triphenylphosphine may be used.
Preferably, the content cof the curing accelerator is 10
weight percent or less in the adhesive layer.

In addition, an organic or inorganic substance, such as
an antioxidant or an lon scavenger, may be added unless it
degrades the adhesion of the adhesive layer.

The resin composition of the present invention may be
used for resin substrates, fibers, undrawn films, drawn
films, hot pressing materials, multi layer substrate,
metallic foil—lamihated substrates, paints, adhesives, and
the like. 1In particular, the resin composition is
advantageocusly used as an adhesive for semiconductor devices
because it is highly insulative. Specifically, the resin
composition is used for multi layer substrate, adhesive
films, adhesive sheets for bonding semiconductors and wiring
boards, and metallic foil-laminated substrates.

A protective layer may be formed on an adhesive layer

of the adhesive film of the present invention to prevent the




W th a necessary resin conponent. In a mxing process, for exanple, the
inorganic particles, a resin conponent, and a solvent ag@.dxeshosThe
solvent is capable of dissolving the resins used, and is, for exanple,
met hyl cell osol ve, butyl cellosolve, nethyl ethyl ketone, dioxane,

acet one, cycl ohexane, cycl opentanone, isobutyl alcohol, isopropyl alcohol,
t et rahydr of uran, di net hyl sul f oxi de, y-butyrol actone, toluene, xylene,
chl orobenzene, benzyl al cohol, isophorone, nethoxynethyl butanol, ethyl

| actate, propylene glycol nononethkyllBet-her and acetate derived from
propyl ene glycol nononethyl ether, N-nethylpyrrolidone, water, or other 6
Decenber 2005 - 2 0 solvents containing at |east one of these solvents. A
stabi | i zgh <3 di a apRE RS RLLALILPRLE AR Bit a .phastigcizer, an
antioxiéanF? or ?ﬁgéﬁi230ﬁ358%e§aggeg to ?Ee n?ktﬁ?gF’Tﬁesé n%?erials are

mixed whh 8nRahk || thanprBELELLoL, 185601 hi8b! LmpBokpgadee, a sand mi I,
or the like. Undispersed matter and gelled matter are renoved fromthe

resul ti p@rikesiinieQMasht tAR wekhnachhpberthaNi DY BoPRSH iMbbch {srgoarser
than the size of the inorganic particles, if necessary. The resin

conposi then iEsS1fAl ssThuegrbieatsobveayeantaySbet hepoappkted on a flexible
insulating filmor a conductive film followed by being dried to form an
adhesi veollgpéefinPrefimr abhyedt Wethhstkhesse obrt hef adbeshyecbayetnds in the
range of 0.5 to 100 rim Mre preferably, the thickness is in the range of
2 to 250pnm Pphpeapphmidatedi nitbnpbsstpohyester or polyclefin, and

the protective layer is not limited to these as long as it
is capable of being peeled without damaging the resin
éomposition. When protective layers are providgd 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 um.

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),
arémid, 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



is dried at 100 to 200C for 1 to 5 mnutes, and thus an adhesive filmis
formed. This adhesive filmis |amnated wth the protectphyguddsgayand is
slit into strips with a wdth in the range of 35 to 158 mm Thus, an
adhesive tape wused for sem conductor devices is conpleted. On the other
hand, in order to forma netal-lamnated film the adhesive filmis

| am nated with a netallic foil, and, if necessary, it is cured. The
resul ti ng adhesive tape for sem conductor devices and netallic
foil-lamnated filmare used for a 6 Décenber -2005 - 21

sem conduct or - connecti ng substrate, and the sem conductor- connecting
substrate is used for a sem conductor device. Methods for manufacturing an
adhesi v§,1911galti tholor SEMEONAUR Qe A8 GES i N e Chieniets j tion of
the présent invention and for manufacturing a sem conductor evi ce using
the adhes weisheeleditdd MEWhe desGitnRed, Ten rLSIHyGIMAsidion is
dissolved in a solvent and is then -applied. on a palyester filmhaving |ow
peel i ng desinst alGeharkel,| @mad y Laiang pihiisada 1ThewHdmaery , ofardde resin
conposition applied on the polyester filmis lamnated with a polyester or
pol yol efdars ypraathestiiee coialtimigy iing nedels slaawer Aieerl,i Rereshst ance, thus
resulting in an adhesive sheet. The resulting adhesive sheet is subjected
to thesmiddmesessifonheo sl stiaaded itso taccdpper-d ar natced cBABa tsapefn t h
wiring. The other surface of the adhesive sheet is also subjected to

t her nocérpiessi dhet dibe lbopdbdet ofabeliGy peelies! timerm darted @rot2Gsto 180C.

The I1C and a wiring
may be laminated on the rear surface of the substrate.

The inorganic particles may be mixed into the resin
composition using a kneader or the like. Alte:hatively, an
inorganic particle paste or slurry composed of the inorganic
particles and 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 is,
for example, methyl cellosclve, butyl cellosolve, methyl
ethyl ketone, dioxane, acetone, cyclohexane, cyclopentanone,
isobutyl alcohol, isopropyl alcohol, tetrahydrofuran,
dimethylsulfoxide, y-butyrolactone, toluene, xylene,.
chlorobenzene, benzyl alcohol, isophorone,
methoxymethylbﬁtanol, ethyl laétate, propylene glycol
monomethyl ether and acetate derived from propylene glycol

monomethyl ether, N-methylpyrrolidone, water, or other



board are joined with each other by wire bonding and are then sealed with
aresin. Finally, solder balls are fornmed by sol der refgggg,em%pgootshus a .
sem conductor device is conpleted. According to the above, the adhesive
filmfor sem conductor devices, the netallic foil-lamnated film the
sem conduct or- connecting substrate, the adhesive sheet for sem conductor
- devices, and the sem conductor device can be 6 Decenber 2005 - 22 forned.
Exanpl es The present invention is further illustrated with reference to
exanples, but it is not limted to +h®&) exanples. First, a nethod for
evaluating the resin conposition will be described. Evaluation 1.

Adhesi on Strength An electrolytic copper foil wth a thickness of 18 pm

was | ampated.al A30Cand 0 4 Weaonig p 35 de saRe tape with the

resin conposition serving -as an adhesi ve. , hea reatnents were

per { of g jyd 18 A 1 VAR H0C, L0 3 oMy Al 100G 10105 hour s, and at

160C for hours, " in forma copper amnated film

Copper WiddiNGi0fe 2 MR idh il was Rat tgfdad 1@ e 1RORRRIed @ld tHaM nat ed
filmby copper etching, and the tensile strength of the copper

foi | -1 amiinated . fi IRaMRS MiRASUEAG athe mitRasyriemen wfl it ke tignsid e strength
(NmM was perforned at a tensile rate of 50 Mmimn and at 90 with a
tensil e asttrar@td) a roll mill, a kneader, a sand mill, or the like.
Undispersed matter and gelled matter are removed from the
.resulting resin composition with a filter having a mesh
which is coarser than the size of the inorganic particles,
if necessary.

The resin composition is dissolved in a solvent and is
then applied on a flexible insulating film or a gdnductive
£ilm, followed by being dried to form an adhesive layer.
Preferably, the thickness of the adhesive layer is in the
range of 0.5 to 100 pm. More preferably, the thickness is
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 a&hesive
film is laminated with a metallic foil, and, if necessary,
it is cured.

The resulting adhesive tape for semiconductor devices

and metallic foil-laminated film are used for a




testing machine, "Tensilon" UTM 4-100 manufactured by Oientech to
estimte the adhesion strength of the resin conpositionplembdeRbs

Resi stance at Sol dering An electrolytic copper foil with a thickness of 18
pm was |lamnated at 130C and 0.1 MPa onto a 35-mm wi de sanple 6 Decenber
2005 - 23 tape with the resin conposition serving as an adhesive. Next,
heat treatnments were perforned in an air oven at 80C for 3 hours, at 100C
for 5 hours, and at 160C for 5 hours, in that order, to forma copper
“foil-lamnated film The .copper foitllam nated filmwas cut into a 30 mMm
square. After being conditioned in an atnosphere at 80C and 85% RH for 48
hours, the copper foiI-Ianinated filmwas innediately fl oated on a sol der

bath fors 80 SELRNAS SUG TRl S uHEeRRR: \%{rﬁd fageg cu%ug%(} Thus, the

maxi num tenperature of t so der bath at ch swelling and peeling were

not —exhidyjrfred taas ci%%rtmart%d 183 us el aE&%&%'oaauQ%Ef heiy,gpk . Only the

resin conposition serving as the adhesive was forned into a | ayer having a
predet er mi neflcetRbakngss whhiirabenknakohn aAHethea beatctrsat ments were
performed in an air oven at 80C for 3 hours, at 100C for 5 hours, and at
160C f ekerd daoudis;t dm dehdlceer, des,inko teidr Qefsliﬁ adheskyeibayer. thhe resin
conposition was cut into a predeterm ned shape, and then the thernal
expansi greceeftf iiciventt ioh thel fesxi mancdapasirtingnawasmireagdnedorUsi ng a
thermal anal yzer, TMA/ SS6000 nmanufactured by Sei ko Instrunents, therna

' 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 polyclefin 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, thé metallic foil-laminated f£ilm, the
semiconductor-connecting substrate, the adhesive sheelt for

semiconductor devices, and the semiconductor device can be



~expansion of the resin conposition was neasured at tenperatures in the
range of 30 to 160C at a heating rate of 5C/ mn with refgLeRescbP the

|l ength of a sanple resin conposition at 30C, and thus the nean thernal
expansion 6 Decenber 2005 2 4 - coefficient (ppmiC) at tenperatures in the
range of 30 to 160C was determined. 4. Elastic Mddulus Only the resin,
conposition serving as the adhesive was forned into a | ayer having a
predeterm ned thickness with a lamnator, and then heat treatnments were
performed in an air oven at 80C foer 22 hours, -at 100C for 5 hours, and at
160C for 5 hours, in that order, to cure the adhesive layer. The resin
conposition was cut into a predeterm ned shape, and then the elastic
nodulusfggmgpe resin conmposition was neasured. The neasurenent was
performed wth DVS 6100 nmanufactured by Sei ko Instrunents at an
oscillagkgﬁplggequency of 1 Hz at tenperatures in the range of room
tenperature to 260C at a heating rate of 5C/ mn. 5. TEM Cbservation Only

the resin copposhidion,Sefyidi &5, tHe adhasive wasst forogd,into a layer, and
then heat treatnents were perforned in an air oven at 80C for 3 hours, at

100C f OpeBehOHES, toaBHab1d680Cherib hounst LAmiball epdehe to cure the
adhesi ve | ayer. The phase separation structure in the adhesive |ayer was

obser vedxhypteansnirssson &l @6thoa rorceostopyibdEMe aBdihhe area ratio of
the matrix phase to the disperse phases, the shapes and sizes of the
di sper stomposition will be described.
Evaluation
1. Adhesion Strength
An electrolytic copper foil with a thicknesé of 18 pm
was laminated at 130°C and 0.1 MPa onte a 35-mm wide sample
tape with the reéin composition serving as an adhesive.
Next, heat treatments wére 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 fofm a copper foil-laminated f£ilm. 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 oflthe 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 pm

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




phases, and the disperse state of the inorganic particles were determ ned.
In order to determne the area ratio of 6 Decenber 2005(ﬂmg§mEpﬁ@;natrlx
phase to the di sperse phases, a polyethylene terephthalate film

("Lum rror” manufactured by Toray) having a thickness of 25 pm was

super posed on the TEM phot ograph of 15 cm square taken at a magnification
of 10000 tines, and the areas corresponding to the matrix phase and the

di sperse phases were cut out and were each wei ghed. The neasurenent of
“the area ratio was performed three tides and the mean area ratio was

cal cul ated. Reference Exanple (Polyam de Resin Synthesis) Using a diner
acid, PRIPOL 1009 produced by Unichena, and adipic acid as acids, acid and

anine reagkaRt$hakfe PLERA’ Bdm e%tattllaﬁt sth61agi dhanhngdhakige.s about 1,
and an antifoam ng agent and 1% or |ess of phosphate catal yst were added

to prepae@tanhehteraebhanbntEh@ekbt peaebantanas heabed oaknl48Cghor 1 hour,
subsequently heated to 205C, and was stirred for 1.5 hours. The
i nt er acttart 3wasukeft akn13oRBarel Svaeuw®), fandlab heors tterceohodewn.
~Finally, an anti oxi dant  was added, and thus a polyam de resin having a
-wei ght - iavehageomakecukar foemght copp2@0@0iandamainaced duaber whel0 was
obt ai ned. Exanple 1 Preparing Inorganic Particle Slurry Using "Aerosil"
OX- 50, whppkrhésia-treannptiendafylnpanti che shze ef 340mmmsgpaeeuced by N ppon
Aerosil as spherical inorganic particles, 1 kg of S|I|ca slurry was

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—-feil face was upturned. Thus, the maximum
Atemperature of the solder bath at which swelling and peeling
Qere 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 1606°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
.domposition was measured. Using a thermal analyzer?
TMA/S36000 manufactured by Seiko Instruments, thermal
- expansion of the resin composition was measured at
témperatures 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



6 Decenber 2005 - 2 6 - prepared. The constituents of the silica slurry
were 90 parts by weight of the inorganic particles, thatgbSembeP8H6SI

OX-50, 10 parts by weight of the polyanide of the Reference Exanple, 350
part:s by wei ght of benzyl al cohol, and 350 parts by weight of isopropyl

al cohol. The liquid m xture of these materials was stirred at 1000 rpm for
30 mnutes with a honogenizer to prelimnarily disperse the inorganic
particles, and was subsequently stirred with DYNOMLL type KDL A

manuf actured by WIlly A Bachof en wias -85% of zirconia beads having a
diameter of 0.3 mmw th respect to the capacity of the mll at a disk
rotation of 3000 rpmat a flowrate of 400 nmi/min for 1 hour to mainly

i SPer se.Jlie i1 gant 6 paLy! ol erMluac,de8l 103y eShury, (3) JWaspr epal ed.
Teon?P' & S1Kn $ote

Preparlng nesive m-conductor Devices gol yani resin of
the Ref gignree Bxa E% is a thernoplastic resin, curing agents
consi sting of HP pr%@hced by Dai ni hon I nk Chem and "Shonol " BKS- 316

and " Shonolg} g%@hQ@%dgﬁgguced by Showa Hi ghpol yner, and the silica slurry
(a) were mxed according the conposition shown in Tables 1 and 2. The

mxture was ghs§otMedrbBia BbXPEsicOobNERLr¢ONGaLI Al SQREODYL whgohol,
benzyl al cohol,” and nonochl orobenzene at 30C, and thus an adhesive

sol uti ofowasd mmpahedayalﬁehadhagl ¥epsehuteeninas appkkadsat wathhackness 6
Decenber 2005 - 27

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 ordexr, 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 OCbservation

Only the fesin composition serving as thé 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
thé disperse phases, the shapeé and sizes of the dispersion

phases, and the disperse state of the inorganic particles

were determined.. In order to determine the area ratio of




of 12 pmon the polyethylene terephthalate film"Lumrror" having a

t hi ckness of 25 pm and was dried at 100C for 1 mnute agfecahbel@fdsc for 2
mnutes to be formed into an adhesive sheet. The adhesive sheet was

| am nated on a 75-pm thick polyimde film"Upilex" 75S produced by Ube

I ndustries at 120C and 0.1 MPa, thus resulting in an adhesive tape for
sem conduct or devi ces. The adhesive tape was evaluated in accordance with
t he met-hod descri bed above, and the results are shown in Table 1.
According to the TEM observation, theygrea ratio of the matrix phase to

t he di sperse phases was 70/30 and the inorganic particles were present in
the interfaces between the matrix phase and the disperse phases. The

di spers S6s had a hi_gh er chain,structure, in Fig. 1.
Exanpl eef‘f‘eo resﬁﬁi é) Jsi g:rtl r‘fgls r?ré:'c?n%tatﬁeest'aﬁe Roo]ryetibyﬁte&?nduct or

devi ces lLe 1, that the |I| slurry (a)
-Was d|sp3$£§ﬁ3#1 gﬁﬁg{ﬁﬁ§? For ggﬁ%u: e re ff %%%V% in

Tabl e. tﬁqhvc% NG 440 o st [,;a LEM %@%@04 A orf 9 *t%earﬁ% “tto't% o he gmatrix

phase to I sperse phases was I norgani c cles were

concent rat egh isdndNe inLeHf ages, Qetg\te%rtéaltedtﬁtdf thd%%secl they di sperse

phases. The di sperse phases had a "higher order ain struct'ure due to the

i nor ganithePaitda@ @%r rasPrnbree el t2Q0Rat A& pHWN iy kg HAspdfPple 3

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. Tﬁe 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




Preparing I norganic Particle Slurry Using "Aerosil" OX-50;, which has a nean
primary particle size of 40 nm produced by N ppon Aerogil..as.r2&Bheri cal
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" OX-50, 10 parts by weight of HP 4032 produced by
Dai ni hon Ink Chem, and 700 parts by wei ght of benzyl al cohol. Using the
liquid mxture of these materials, a silica slurry (b) was prepared as in
Exanpl e 1 except that the inorgani€ Jariicles were dispersed for 3 hours
instead of 1 hour. Preparing Adhesive Tape for Sem conductor Devices The
pol yam de resin of the Reference Exanple, which is a thernoplastic resin,
curing gg%&%§_%§nsisting of HP 4032 produced by Daini hon I nk Chem and

" Shonol 316 and " Shonol " CKM 908 produced by Showa Hi ghpol yner, and

the silica §5§TE¥ﬂéglt%@£€sU&feghéCQQ%ﬁéggsi r%ﬁewggﬁpgébég?gs gpown in

Tables 1 and , a resin conposition an esl ape tor

sem con Vii€es :\wer rep : in e i rresiul of the
cval Uat o o b e eae TG el Bae e Shotn e Tabl £ 6 Decanbar 2005 -

29 AccandipdgtkopihgeTEM:0bs$erat benyahhgearearhat kerakehBe matrix phase
to the di sperse phases was 65/35 and the inorganic particles were present

in the dixspense phasesrardoyt heiyhei bift yeakyihaldbaper sanahases. The
di sperse phases
parts by weight of isopropyl alcohol.
The liguid mixture of these materials was stirred at

- 1000 rpm for 30 minutes with a homogenizer to preliminarily
disperse the inorganic particles, and was subseqﬁently
~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 1 hour
to ﬁainly disperse the inorganic particles. Thus, a silica
slurry .(a) was prepared.

Preparing Adhesive Tape for Semiconductor Devices

The polyamide resin of the Reference Example 1, 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 {(a) were ﬁixed according the composition shown
in Tables 1 and 2. The mixture was dissolved in a mixed
solvent containing isopropyl alcohel, benzyl alcohol, and

monochlorobenzene at 30°C, and thus an adhesive solution was

prepared. The adhesive solution was applied at a thickness




had a hi gher order chain structure. Exanple 4 A resin conposition and an
adhesive tape for sem conductor devices were prepared aspd.eXanpl e 2
except that "Aerosil"” 90G which has a nean primary particle size of 20
nm produced by N ppon Aerosil was used as spherical inorganic particles.
-According to the TEM observation, the area ratio of the matrix phase to

t he di sperse phases was 70/30 and the inorganic particles were
concentrated in the interfaces between the matrix phase and the di sperse

- phases. The disperse phases had a -higher order chain structure due to the
‘inorganic particles, as shown in Fig. 3. Exanple, 5 and Conparative Exanple
Resi n conpositions and adhesi ve tapes for sem conductor devices were

prepar ed i "Aerqsil” 90G ich was u i,n | .4 and hgs a mean
D hary St s S Fiedy B IR (5 st Ehe Pes S3TR: Spdrircran

accordi i oTablig sl e rea-ratios_of th (Al has o.t he disperse
phases 3%?@9“%§€ﬁ: ﬁ?&ggngf?ﬁg F%b%&%hﬁ%spgfﬁfgﬁgg ég@e%cgﬁ%e%trated in

Lhe 1 nt hlAReS Het wren dohe HR X fibaee and sg@ef@iéﬁ@ar 368 Bacenber 2005 -

3 0 - phases. The disperse phases a higher order cf structure due
to the iRMGaRIL pRH Cl 69e BXARG 7 sAckeSLACARResLEEANANY 38_aghesi ve

tape for sem conductor devices were prepared as In Exanple 2 except that
" Aer 0si IthiR¥7 o 1MAGieha&s 1a8 mMe@A 1RKIMNMBEY, pabhiek8 BZB8be Industries
at 120°C and 0.1 MPa, thus resulting in an adhesive tape for
semiconductor.devices. The adhesive tape was evaluated in
accordance with the method described above, and 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 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
wefe 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




of 16 nm. produced by N ppon Aerosil was used as spherical inorganic
particles. According to the TEM observation, the area rahdguRfdhhe matrix
phase to the di sperse phases was 65/35 and the inorganic particles were
concentrated in the interfaces between the matrix phase and the di sperse
phases. The disperse phases had a higher order chain structure due to the
inorganic particles. Exanple 8 Using "Aerosil" 90G which has a nean
primary particle size of 20 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 28wt ght 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 wei ght of benzyl al cohol.
The |i quighdWrxtid eiQf. these materials was stirred at 1000 rpmfor 30

m nutes with a honogeni zer to prelimnarily disperse the inorganic

particl eExampd avas subsequently 6 Decenber 2005 31 stirred with DYNO M LL
type KDL A manufactured by WIly A Bachofen wi.th 85% of zirconia beads

~ havi ng a Rfiegratierg dho@gnimmparthiclespeai-ri,0. the capacity of the nmill at a
disk rotation of 3000 rpmat a flowrate of 400 nL/mn for 3 hours to

mai nl'y di sper §einge™haoogahl’copaso) chiesch Thats, a anesh | pEdmstyr ry (a) was
prepared. Using this silica slurry, .an adhesive, that is, a resin
conposi t Pextagd epsdéger of 46 am,t prhdueetihbysrtppoanpesbkinaas i n Exanpl e
4, and agpherical inorganic particles, 1 kg of silica slurry was
prepared.
The constituents of the silica slurry were 90 parts by
- weight oflthe inorganic particles, that is, “Aerosil” 0X-50,
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 iﬁ Example 1 except that the
inorganic particles were dispersed for 3 hours instead of 1
hour,
Preparing Adhesive Tape for Semicoﬁductor Devices
- The polyamide resin of the Reference Example, which is
a thérmoplastic resin, curing égents consisting of HP 4032
produced by Dainihon Ink Chem. and “Shonol”jBKS—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 aﬁd.an
adhesive tape for semiconductor devices were prepared as in

Example 1. The results of the evaluation for the resultingr

.tape are shown in Table. 1




adhesi've tape was prepared and evaluated as in Exanple 4. The results are
shown in Table 1. According to the TEM observation, the gpLaut-pidoe 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 particularly in the
vicinity of the interfaces .between the matrix phase and the di sperse
phases- in the di sperse phases. The di sperse phases forned a hi gher order
structure in which spherical disperse phases tightly gathered to be
substantially concat enated, as shown_#g?Fig. 4. Conparative Exanpl es Using
"Aerosil" OX-50, which has a nmean pri y particle size of 40 nm produced
by N ppon Aerosil as spherical inorganic particles, 1 kg of silica e u -ry
paste was prepared. The constituents of the silica slurry were 35 parts by
6 Decenber 208%5corgidngwsiogliheofEMhebsapvgahbn, pahti 6kes, ribdd &8, chderosil”
OX-50, 65 parts by weight of the polyam de of the Reference Exanple, 200
parts by W#Eight Rifasserdoy|ths cdsplersethehkisqsi dasi $5UB6 ahdt hkRee material s
~was stirred at 1000 rpm for 30 mnutes with a honogenizer to prelimnarily
di sper se Y IHBrQARE isdes #eds, pangends isulbtbeqdéspkysepphasdst Ahaugh a
3-roll mldqégaoxﬂjAABO 10 times so that the inorganic particles were
dispepSe&: g HihYs off [theadigperee Bhaaghesi Tbe thaperse phasssn

cOMPOsi Uiy 405, NP AL, 502! Q1AL L0° Same composition as in Bxanple

- Example 4
A resin égmposition and an adhesive tape for
semiconductor devices were prepared as in Example 2 except
~ that “Aerosil” 90G, which has a mean primary pafticle size
of 29 nm, produced by Nippon Aerosil was used as spherical
inorganic particlies.
According to the TEM observation, the area ratio of the
- matrix phase to the disperse phases was 70/30 and the
inorgahic particles were concentrated in the interfaces
between the matrix phase and the disperse phases. The
disperse phéses had a higher order chain structure due to
the inorganic particles, as shown in Fig. 3.
Example. 5 and Comparative Example
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 ihorganic particles, according to Table 1. Thé
area. ratios of fhe 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




and an adhesi ve tape was prepared and evaluated as in Exanple 1. The
results are shown in Table 1. According to the TEM obser gL aRe 2hte ar ea
ratio of the matrix phase to the disperse phases was 70/30. The inorganic
particles were mainly present in the matri x phase, and the disperse phases
were scattered spheres, as shown in Fig. 5 Exanple 10 Preparing Adhesive
Sheet An adhesive solution containing the silica slurry prepared in
Exanple 1 was applied on a 38 pmthick polyethylene terephthalate film
with a silicone releasing agent ("FigmBina" GI produced by Fuji nor

Kogyo) with a bar coater so as to have a thickness of about 50 pm after
being dried, and was dried at 120C for 5 mnutes to conplete an 6 December

2005 - dhe3| e sheet of the ent invention. . Preparing

SeniCon%’c o De&ﬁ%e%& (ﬁl&ﬁ %5%£SEPHQqu\ﬂﬁﬁﬁr CBﬁF&kness of 18 pm

was Ian1£§%£ﬂ: %ﬁgc nd dhgsjve TAB tape, #7100 produced
ubsequen E% J:l’t %'% $Tes

by Tora Fiere perforned in an air oven at
80C forE% rs,7 at 1OOC for 5 hours and at 150C for 5 hours, in that
order, thus resulting in a copper foil-Ianinat ed TAB tape. The copper- foi

surface of the TAByt aBREWAS:3HhI sﬁaegntgdﬁggw&'% F@r photoresi st |ayer,
etching, renoval of the resist, electrolytic nlcke ating, electrolytic

%glnﬁefl Ao Gorafit £ 3D RlevGRldOR 0k phebaree dar 1'?1e§’.5§§¥npl@5 2l BxkRgrusual
-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 pﬁases 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 hés 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 li@uid mixture of thesé materials was stirred at

1000 rpm for 30 minutes with a homogenizer to preliminarily

disperse_the inorganic particles, and was subsequently




scatter ngly, separal il 33,8000nchD Figeg

Thus a patterned tape was prepared. The thicknesses of the nickel and the
gold were 3 pmand 1 pm respectively. The adhesive shegh..0fnt iiBsPresent
invention was |am nated on the rear surface of the patterned tape at 130C
and 0.1 MPa, and then.an |IC having an al um nium el ectrode. pad was bonded
on the adhesive sheet by thernoconpgession at 170C and 0.3 MPa. The I1C on .
t he adhesive sheet was subjected to heat treatnent at 170C for 2 hours. A
25-pmlong gold wire was bonded to the IC at 150C and 110 kHz. The I C was
sealed with a liquid sealant,- "Chipcoat" 81.18 produced by Nam cs.
Finally, solder balls were provided to conplete a sem conductor device.
The resul $thgrednvidn Ibvivee KBH & Repnfarfereddey istyefgth, heat
cycl e resistance, and 6 Decenber 2005 - sol der ref] ow resi stance.
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Conpar at i Becliep| elth 8335 6fn 24 5RABAR P%ﬂéﬁnaa%nad%e%}%eti%eo e e3
d i Ex I t that the_i i ticl I
ot used, MACELY i HOPREs & 116 TR GBEBLYEY | Oh, Chhanht bt e bf the matr) x
h to t di 70/30.__Th i h id t f
Py i Gheto ke cof it e 485 DAY ral R e RRE RIS et " T

ghiéxggigﬁ%h%ganp e‘%?fg A resin

conposition and an a e tape were prepared except that

" Adrmaf i-ne;giﬁ%g sldﬂ}f}la@aﬁaé pFESArPI] MBYYi RATEA L & 15128 1 f2 to 0.3 pm
produced by Admatechs was used as spherical Tnorganic particles.

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

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

thesive tape was prepared and evaiuated as in Example 4.

The iesults are shown in Table 1.

According to the TEM observétion, the area ratio of the
matrix phase fo the disperse phases was 70/30 énd the
inorganic particles were mainly present in the disperse
phases and particularly in the vicinity of the interfaces
.between the matrix phase and the disperée phases in the
disperée 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.

_ . _ Comparative Examples

Using “Aerosil” éi—SO, which haé a-mean primary
parficle size of 40 nm, produced by Nippon Aerosil as
spherical inorganic particles, 1 kg of silica-s%&ffy paste
wWas prepared. |

' The constituents of the silica slurry were 35 parts by




According to the TEM observation, the area ratio of the matrix phase to
the di sperse phases was 70/30. The inorganic particles wg&gmﬂ£9§gnt in the
matri x phase and the disperse phases did not formany higher o

structure- Conparative Exanple 3 A resin conposition and an adhesive tape
were prepared as in Exanple 2 except that "Admafine” SO C, which has a
mean primary particle size of 0.2 to 0.3 pm produced by Adnatechs was
used as spherical inorganic particles. Resin conpositions which did not
contain inorganic particles (Conparag?ve Exanple 1) and which contained 6
Decenber 2005 - 35 inorganic particles having a |large particle size

" (Conparative Exanples 2 and 3) exhibit no higher order structure, a |low
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Example, 200 parts by weight of benzyl alcoﬁol. |

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
agént ("Film Bina" GT produced by Fujimori Kogyo) with a bar
coater so as to have a thickness of about 50 um after being

dried, and was dried at 120°C for 5 minutes to complete an
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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-
fqil 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-pm 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.
Fihally, 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 édhesive tapé 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,
és shown in Fig. 6.
Comparative Example 2

A resin composition and an adhesive tape were prepared
as in Example 1 except that "Admafine” S0-Cl, which has a
mean primary particle size of 0.2 to 0.3 pm, produced by
- Admatechs was used as spherical incorganic 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” S0-~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 teméerature, a
large thermal expansion coefficient, and consequently the

reflow resistance was poor.
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particlesNanme of particlesMean primary particle size (nm |Aerosil OX-5040
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Table 2
Type of particles Name of particles Mean primary parficle size (nm)
I “Aerosil” OX-50 ‘ 40
il “Aerosil” 930G 20
Il ‘Aerosil” R972 16
v “Admafine” SO-C1 200-300




38 CLAIMS 1. A resin conposition conprising: a phase separation structure
havi ng at | east two phases; and inorganic particles having a nean primry
particle size of 0.1 mor less, and the content of the & Reeceyalar@00parti cl es
is nore than 16.7 weight percent, and the phase separation structure
conprises a matrix phase and a disper38e phase, and the inorganic particles
care mainl y P nt in the interface between the natrix phase and the

di sperse phase. 2. A resin conmposition according to Claim1l1, wherein at

| east one of the matri x phase and the di sperse phase forns a chain

structure.. 3. Aresin conpositiqon according to Claiml, wherein the area
ratio of tie matrfXSpRasOPESiHh1ORe FAMYE S P19 503t PIoSaniCrMer &t @ rati o

of the disperseyhastrd hdPidd1eaf ang8sef tac! Pmbedt. 4hd eShI-GANPOSI tion
according to Claim1, wherein the ratio of the elastic nodulus thereof at
'30C to the el astite ansdulhey itgereeafesat MIS0@ 1w BOrtoiclessiz&h. ofAnN0 adhesi ve
filmfor sem conduct or devices, _ conprising: an orfgani c insulating |ayer;

and an adhesi V& | &fer ¥orired B a Hif f LGN E hetlor gl ¢ 179894 EF ng
| ayer, the adhesiug Jjaver; Copprd siRg,as ¢l esiaicapesition assetforth in
Caiml. 6 Decg%ber 2005 l39 6. An a%rﬁesi ve ;wi Il% ac%?r é%eng to a? m 5,
further phase separation structure comprises a matrix phase

and a disperse phase, and the inorganic particles

are mainly present in the interface between the

‘matrix phase and the disperse phase.

2. A resin composition according to Claim 1, wherein at
least one of the matrix phase and the disperse phase

forms a chain structure.

3. A resin composition according to Claim 1, wherein
the area ratioc 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.

4, A resin composition according to Claim 1, wherein
the ratio of the elastic modulus thereof at 30°C to

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

5. 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.




conprising a protective |ayer capable of being peeled. 7. Alamnated film
with netallic foil, conprising : an adhesive filmas set forth in Cdaim5
and. a netallic foil lam nated on the adhesive | ayer d&Dédembeadb@si ve

film 8. A sem conductor device conprising a lamnated film wth netallic
foil as set forth in Caim7. 9. A regdn conposition according to Claim1,
wherein the inorganic particles have a nean prinmary particle size of 0.08
‘mor less. 10. An adhesive filmaccording to Claim5, wherein the adhesive

| ayer conpriseana thRepbpkasFilmrestbodldng €4riODaagen, 6Daganber 2005
- 40 ABSTRACT OF THE DI SCLOSURE RESI N COVPGSI TI ON, ADHESI VE FI LM FOR

SEM CONDUCTOR BEWPELS1NENDAL AMRAFED HFELMIAYFY MEBRERIE FOQ ANBng

SEM CONDUCTOR ,DEYLGE USING THE SAME A resin conposition has a phase
separation structure having at |east two phases and inorganic particles
having a mnean primary particle size of 0.1 pmor |ess. The phase

separatiop strycture includes a matri x phase d .a di sperse hase. The
iporganicgpart#c 8@lgﬁgeﬁg%ﬁﬁ? Bﬁgéeﬁptﬁﬂ%&ﬁyﬁﬂﬁﬂe StomRHe St i'x Phase, the
di sperse phaseadngditBe rinherfacesbet vesp:k hejatdixiphase apghthe

di sperse phase. The resin conposition has a high thermal expansion
coefficient anBeEpasifcipbdullaninahedt Pos theow iae layer of the

adhesive film.

8. A semiconductor device comprising a laminated film

with metallic foil as set forth in Claim 7.

9. A resin composition according to Claim 1, wherein

the inorganic particles have a mean primary particle

size of 0.08 um or less.

10. An adhesive film according to Claim 5, wherein the
adhesive layer comprises a thermoplastic resin and a

curing agent.




~adhesi ve for sem conduct or devices which has excellent reflow resistance
and adhesion. (FIG 1) : 6 December 2005
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ABSTRACT OF THE DISCLOSURE
RESIN COMPOSITION, ADHESIVE FILM FOR SEMICONDUCTOR DEVICE,
AND LAMINATED FILM WITH METALLIC FOIL AﬁD SEMICONDUCTOR
DEVICE USING THE SAME

A resin composition has a phase separation structure
having at least two phases and inorganic particles having a
mean primary particle size of 0.1 pm or less. The phase
separation structure includes a matrix phase and a disperse
phase. The inorganic particles are mainly preseht in any
one of the matrix phase, the disperse phase, and the
interface between the matrix phase and the disperse phase.
The resin composition has a high thermal expansion
coefficient and elastic modulus, and thus provides an
"adhesive for semiconductor devices which has excellent

reflow resistance and adhesion.

(FIG. 1)




