. 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
ceramics, is subjected to, for exanple, a heat cycle test in which heating
and cooling are repeated, the difference between the )
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




t hermal expansi on coefficients of the resin conposition and the different
“meterials causes -an internal stress and degrades. el ast &Dedeberd®sa resul t,
. the adhesion between the - lam nated | ayers is degraded and, in sone cases, -
del ami nation occurs. In addition, resin conpositions used as adhesives for
sem conductor devices are required to have sufficient adhesion even under
conditions during the heat cycle test and reflow soldering. .it is known
t-hat degrading the elastic nodulus of the resin conpositions:increases the-
adhesi on of the resin conpositions.- Bbwever, this |eads to an increased

t hermal -expansion coefficient and the elastic nodulus:is. significantly
reduced at high tenperature: As a result, the adhesion is degraded and the

sol der r&fdmye ] ashfl ANGShA By PAUnR N Eé‘%é)ééf'e{n h[5 ‘(r) n 0 reduce
the thermal expansion coefficient and to. Increase the e astlc nmodul us of

the resipraasmosidi onsLsd ha 0SS -Hd ki %n@t%ﬁﬂi’or@flarlhﬁlat@&'ﬂth .
conp03|t|ons is increased or a hard structure, such as benzene rlng is

i nt r oduckict £ ebrase mmtdids arsief faot ine 4105 & Dacanberc2005s - 3 i.ncrease the
el astic nodul us but do not suff|C|entIy reduce the thernal expansi on

coef fi cisarifjedAseda trogsuldy, estamipikagen MamtCWiidig: afedthe d egiriconposi ti ons
increase internal stress and the increased elastic medul us easily causes

brittlehefatdeturand coddmg iard hepaditesi,ve Hesiit fronpasi thatwedishe the
adhesi on _of the resin conpositions is degraded. Al'so, in another method,
glass fiBarmalneegamisd oparciedifdsiehts ldfcdme oxisde, canmpde diidee aave added

to a resin naterial whose
the dlfferent materlals causes an 1nternal stress and

degrades-elastlc1ty. As a result, the adhesieh between the
,iaminated lajers'is degraded and, in some caseef'
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 compositioneriucreases the adhesiou 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‘reeult 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




elastic nodulus is |low at roomtenperature to reduce the thermal expansion
coefficient and to increase the elastic nodulus at highpgpoRRIALYre of the
resin conposition. = However, in this instance, a |arge amount of inorganic
conponent have to be added, and consequently the proportion of organic
conmponents is relatively reduced, so that the resulting resin conposition
becones brittle and the adhesion of the resin conposition is significantly
degraded. SUMVARY OF THE | NVENTI ON Accordi ngly, an object of the present
invention is to provide a highly adhési-ve resin conposition having a high
sol der-reflow resistance, a | ow thermal expansion coefficient, and a high
el astic nodulus. The present invention is directed to a resin conposition

Conpri siifhrh fNase SARANEL QBRI e RAHIW s als il Bk 1 %E%%es and
i norganic particles having a nean prinmary partlc e size o pm or | ess.

6 Decentigfe 20Q5ma14 exH6 GUH &¥e 1Gf1 dig d .nongani ¢pantd, cls%%l&ﬁ%é gee in the
range of 5 to 50 weight percent. Preferably, the phase separatlon structure

conpri ses aurly iof RS ecdith &HpRARSORNARr ARl entkiralt Re rkRar gani c
particles are mainly present in either the matrix phase or the disperse

phase. aAld emratineeleysddie liazarigamiceiylarst ieGlsas yrada e smiriley 1pr esent in the
interface between the matri x phase and the disperse phase. Preferably, at
| east orferagftulriee tabcicx rphias e handdhes ivdi sperise cphaee iftfdoms aTohai, n
structure.
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

rat least two phases; and inorganic particles having a mean

primary particle size of 0.1 pm or less.




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 rang f 50.
Preferably, the elastic nodulus of the resin conpositioﬁDg?T%$&@%ing cured
is 25 MPa or nore at a tenperature of 150C. Preferably, the ratio of the
el astic nodulus of the resin conposition at 30C to the elastic nodul us at
150C is 30 or less. The present invention is also directed to an adhesive
- filmfor sem conductor devices. The adhesive filmconprises an organic

i nsul ating | ayer and an adhesive | ayet formed on a surface of the organic
insulating |ayer. The adhesive |ayer conprises the resin conposition
descri bed above. 6 Decenber 2005 The adhesive filmmay further conprise a

protective {RyetokePab! 6£0fnbei Nrpael €thaMMEPEESEN bAVANtian is al so
directed to a netallic foil-lamnated film conprising the above-descri bed

adhesi veantjkl arrandta ggtabhbﬁtfpgkcggﬁinated on the adhesive layer of the
adhesive film The present invention is also directed to a sem conductor

devi ce conprpséngribey retiad | pigad®i depard hiadredst fudtnrBycdtsd Migsdde; resin
conposition of the present 1invention, which has a | ow t hernmal expansion
coef fi cmentianghaaehkgh el désperswdphaise. as an adhesive for sem conduct or
devi ces, a semni conductor device including an adhesive |ayer having
“excel | ent reftovesoder i the riesdsianoe nd adhesizore maimbe actieaved.

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.




DESCRI PTI ON OF THE PREFERRED EMBODI MENTS A resin conposition of the present
invention has a phase separation structure between at |gastmiWnophases 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 fibrous. The nmean primary
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 mean primry
particle size larger than 0.1 pmmakes-t difficult to reduce the therma
expansi on coefficient of the resin conposition and to increase the

el astic nodulus. The nean primary particle size here neans the highest
frequency in e rti.cle_size distribution of .the inorganic particles
when t hey exFé? F% 3%%H e%ﬁﬁ?.m?ﬁe%uﬁggﬁrpFPWEF§sﬁaFtPépge§ﬁi¥ealso

represents,dhe. g fer- of . t rticles when they are spherical and the
maxi mum | ngthé$ en ?ﬁé%mgfgnggﬁﬁ?#cal or flat. Wien the particles are

rod-like or fhhroyssehie; @Htgghnggyagsgthgkgcﬁgéeﬁorgp%gggﬂﬁicthe maxi mum

| ength in the longitudinal direction o artrcles. mean primary

particl &c5i128 Aafi naltRer aNkC Rapl Gl e PeWden HeAR -be BASW L4 Y stq_ﬁzjegser
od.

~diffraction/scattering method or a dynamc |light scattering ne .
However fitle affeiasUkichtg 1Tethed ineedmihathe oaPRHEPLHRLE:Y S algeted dependi ng

on the particle shape, the nethod for preparing the particlés, the nmedium
for di sper sidhgstibe ganti.cl es, and the nmethod for dispersing the inorganic
‘particles. ,
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




The content of the inorganic particles is in the range of 5 to 50 weight
percent relative to the solid contents in the resin conpesictbeRooand
preferably in the range of 7 to 30 weight percent. A content of the
inorganic particles smaller than 5 weight percent nmakes it difficult to
reduce the thermal expansion coefficient of resin conposition 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
adhesi on of the resin conposition. Any imorganic particles including
ceram cs may be used in the present invention. Exenplary ceram c particles
i nclude sinple ceram c powder, powder m xture of glass and ceramcs, and

tall | up 0
(Z:Ir?/flofl‘l aﬂﬁ?%g%)a@@rralglngg gn%ql\/{ggdp qrber yI I a ?CBléjc‘L;e’Lszea | tear (%@Z 128| 02),

cor di er ijie (D& D27 R AR08 AMIObo SRIdIRle (Y21, J@a%ts%_r drf € (2MyO Si 02)
, anorthite (Ca0A1203.2Si02), ceIS|an (BaOA12(8. 2Si silica (Si02),

enst at i teod MIOS ) o Anthel wiH iR Worpdiltded AHN to Brrr%a‘r%ra%@ ¥hd he purity

of these ceram c powders is 90 weight percent or nore. Wen al um ni um
nitride gowderc inodislads. 0.The ©m2a20 prainghtty pRiGan1 Ofsical Glewa addintd ves,

such as CaC2, Cavd3, CaCN21 CaF2, and CaQ or of yttriumadditives, such
as Y203 hamyidie addetduertdye ipowter paRaviddre mixtcldds treypultd onadded whi ch
contain: 0.01 to 15 weight percent, on a netal elenment basis, of additives
i ncl udi ridreytitdnganiraperddrctiles miteal $heal lealiiste-iealctenaenally,. amtecar bon; 1
to 5 melght percent of carbides, such as MgC21 ZrC, VC, and NbC, or ,
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




oxi des, such as BeO. A preferred content of additives is 1 to 10 weight
percent of Y203 and BeOQ, 1 to 5 weight percent of cal Cit?"ﬂ«]:cglﬁli) denosor 1

wei ght percent or |ess of carbon. A 6 Decenber 2005 single additive or a

m xture of two or nore additives nmay be wused.' The powder m xture of gl ass
and ceramcs is, for exanple, a glass conposition powder containing Si02,

- A1203, ©CaO or B203, and if necessary, MO, Ti 02, or the |ike.
Specifically, the powder m xture of glass and ceram cs contains Si02--B203
gl.ass, PbO 5102- A1203--B203 gl ass, GaG S102- Al 203-B203 gl ass, or the like
and at | east one ceram c conponent selected fromthe group consisting of
alum na, zirconia, magnesia, beryllia, mullite, cordierite, spinel,

forsterige,; anuddt | si jdid a 1 i [fri XS
crystalli zeld gl asgs?é itgl,e %ﬁet%brrp ec%dﬁl\/gsd Alr}go(g%%%gﬂ @an‘g{{i%ﬁ%ﬂ%@ﬁ Si 2
crystal ldzad &léas snorthe Hary Sflld 1 ASSh ¢ &pargd such, dhaty, £ or
exanpl e,lgj B203 and éar nucl eati ng nliazgtqgcr ingI ar eﬂ Z%lg%d t‘ol%PI\/gOAI Zéoé?}?Stfb% gl ass,

fol | onvecide HeIMe calhed ned il driymaraidire of 900 to 1000C to separate
out cordierite crystals to increase the strength thereof, or such that a

nucl eati ng maher iabrisnaddedrtoclkis02nAl203nS @2 rghass, nkel bhewad by
separating out spodunene to increase the strength thereof. Diatomte, zinc

oxi de, dal dhsmpoarseonatieventdan. f Ilenupdardorcaresiit pewdarcigl anond powder,
and the like may be used as the inorganic particles. The inorganic
parti cl éacdayiehe ispljeecredntic ponwdess GdDekaniyext2085 of glass and
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 (Mg0-Si0,), and aluminium nitride fAlN).
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
'oiides, 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




treatment, if necessary. Exenplary surface treatnents include

- water-repellent treatment using silicone oil or the |ikgp.Byslfa@bhobic
treatment or hydrophilic treatment using silane coupling agent or the

| i ke, and introduction of or an 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
surface treatnment is appropriately selected to inprove affinity with the
resin conposition, cohesion in the ~i 8terface between the inorganic
particles and resin conposition, dispersion or the |like. The phase
separation structure in the present invention neans that a plurality of
phases issirpylesenidiitlvey @anisC miG@ReNH $wef drhaoreSialdaeIRes Wgnpand the
conformati on of phases nmay have di sperse/ matri x phases, a lattice |am nate
structumesed.anel | a-1i ke structure), or others. Preferably, the phase
separation structure has a matri x phase and a disperse phase. The matrix
phase refersThe phedeai miphase ofnglhesphadecsepaiati 08, stoucture of a
cured resin conposition. The disperse phase refers to a phase in the
matrix prageleand wdyskavengeyishape pomckudicogtaispher 810,cyhlywer-1i ke
shape, and indefinite shape. Preferably, a plurality of disperse phases
forms aC@Rai RrsBeliet tBed 1 nedrsehayn ¥IQuctifse ofr tthe diidesrse phase, two
or nore independent disperse phases are |inked and formany one of a 6
Decenbeﬁpﬁﬁéglcaiéy'lFH@aPOWQGéOWﬁXt&ﬁedéﬁdQﬂﬁﬁé aaddcgnaméceri at ed
structure i form.a hu?her order_network structure. Preferably, the area

pr opor t FEREAGPSt ReCaalsTx IPRESe PPO-S10,-A1,03-B,0; glass, Ca0-51i0p-

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




and the disperse phases are in the range of 50 to 95% and in the range of
5 to 50% respectively. Preferably, the content of the idWl.ga moparticles
in the resin conposition is in the 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 nmainly present in the interfaces
between the matri x phase and the disperse phases, and preferably they are
mainly present in the vicinity of the9i rterfaces in the matrix phase.

Still nore pifeferably, the disperse phases forma chain structure in-which
at least two disperse .phases are linked and the inorganic particles are

i nl Y BEESERlnd N G LY Of g i erlagss Detueen e mirix phase

and the disperse ‘phases in phases ereélspgrse phases form
the chai i Sy LR A Ma1aR A ¢ E%%%henEWQSQBﬁpgr ngsgilar LLaked and

the inorganic particles™ are mainly present |sperse phases. The

area ratliikef HyE-JpHdLe Rhasenkatt Be ﬂw&%bﬁglleh%%%tmtem f.gipgtion of a
hi gher or der chaln structure, and the State of the inorganic particles in

the phasslsepacatipdingsbigestuce WA hekdet ghai Eﬂﬁ@réaﬁe"t%ﬁgo@ thgn
conmponents in 6 Decenber 2005 11 the resin conposition and the nethod for

di sper singariie funerganad pabup¢l eachThe mat hiyvrdkgperseuphasg separation
structure, the dispersion of the inorganic particles, the state and hi gher

order chaiimosgreopyre cbrbbeydi speupe phaspSXgrgrabperaﬁdabyyli&ansnlSSIOn
el ectron mcroscopy (TEM in which the resin
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




conposition is stained with osm c acid, ruthenium oxide, phosphotungstic
‘acid, or the like, if necessary. The area ratio of the y@iLi% Rpase to the
di sperse phases is observed by, for exanple, inage analysis of a TEM
phot ograph. In -order to neasure the area ratio of the matri x phase and the
di sperse phases, a transparent filmhaving a uniform thickness and
specific gravity may be superposed on the TEM photograph and the areas of
t he di sperse phases are copied on the film followed by being cut out and
bei ng wei ghed. Preferably, the elastiggmdul us of the resin conposition
after being cured is 25 MPa or nore at 150C. Preferably, the elastic
nodul us ratio at 30C to 150C ((elastic nodulus at 30C)/(elastic nmodulus at
1500)) i,s 30 _ or Ie In t t, state of the resin conposition, the
el asti ¢ TSI Us 4 § ngé:‘ c#nr?&’lzc%d atnﬁje 3 FRG UGy 40 30C to
150C is dul,us is less than.25 MPa at 150C,
heat geﬁ%gmkedhb? gr ﬁ%héi é%?%e soﬂ%ﬂﬂgx?he adhesi ve | ayer of the
adhesi ve of e {10 s nt,| ating 6
200&?%5823328 tﬁ@ aESﬁmpF§§599§ Br GRASEAYENT L Phas

Decemnber flTowin a ern or causing esi on

failure,betyween;a ‘@rrs% %‘ha%@sp a3d tnh%h\@ i’@@lg;eo%ﬁ Y. toI f95th%n08| ggtic

nmodul us ratio at 3 C to 150C i s nore than a warp is blI€ t6 occur in
‘the adhg&bvgahggnbfwgr%Op@@hergggﬁecgq%eqbast|c nmodul us |s 50 MPa or nore
and still nore preferably 80 MPa or nore. "Also, nore preferably, the

el astic nodubpsreasbOyat tBOCHALAROCESLRE lﬁbrbsﬁicaﬁgrﬁathésn@he _
preferably 10 or less. The resin conposition having the above-described
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




.characteristics has not been known yet. By adding a small anmount of
inorganic particles to the resin conposition, a reducedtpleiPdsoexpansi on
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 di sperse phases and existing in the disperse phases all ow

t he di sperse phases to forma higher order chain structure so that the

| ongi tudi nal expansi on and the vol-unEt r+c expansion of the resin
conposition at heating and cooling are reduced and thus the thernal
expansion coefficient is reduced. Also, it is considered that the higher
e BN e LB INDL Sind! Bfiel Wl el gn L Lhe st conpost L] on
and thus the elasti alus “i's increased at Chi enper §. The resin
conposi tinerqahict haRregert invention having 6 Decenber 2005 - 13 the
phase separation structure contains a plurality of resin conponents

i ncl udi ng t heraophest k 2di 68818 OFni Her 5B §§£atﬂan §@§uetuEQe %ﬂsrnvp'astlc
‘resin used in the present invention includes polyolefin slc

polyethmhepersmahybfopﬁbemaor@adlceba¥k@e@e§0pﬁh%”%%§tesEﬁﬁeﬂg hesi ns such

as pol ystyrene and ABS resin, polyvinyl chloride, vinylidene chlorlde

pol yet hykdne bbaephBhahaterepotyehhyﬂeapema@hphababearep@bﬁgﬂbéaeﬁ9

terepht hal ate, pol yacrylate resin, polyoxybenzoyl, polycarbonate,

polyacetahnsmmsyphenyueQEroetmecroandppolyEnmden ahdcht the pekihi mted to

those as long as it has plasticity at tenperatures in the range of 80 to
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



200C. Preferably, polyam de resins are used in view of stability at high
tenperature and el ectrical characteristics. Mre preferabldmpaoédsexi bl e,

| ess wat er- absorptive pol yam de containing dicarboxylic acid having a
carbon nunber of 36 (so-called dimer acid) is used. In general, polyam de
resins containing dinrer acid are prepared in the usual process by

pol ycondensation of diner acid and diamne. At the sane tine, a

di carboxylic acid, such as adipic acid, azelaic acid, or sebacic acid, my
be added as a copolynerization component. The diam ne includes

et hyl enedi am ne, hexanet hyl enedi ani ne, and pi perazine. From the viewpoint
of hygroscopicity and solubility, two or nore diam nes nay be m xed. 6
Decenber, P ¢ontent of the_t ernD st.ih,c resin in
t he FESIH%%%%ﬁg%%#iOHMﬁS |%P gtfgﬁbe%b fSlng96nm€9gﬁFl grggﬁ} Ff the

cONt ent sl Jduey LNSHEPIASLLG L S8l cht L3S ngf BAR L el OBl percent, the

resulting resin conposition does not beco and en it is used

as. the adhesiive mdawiels ¢fatad adhegiove j hmgher ;sepigandughorodeyi ces, a
fracture can occur in the adhesive layer. If the content Is  fhore than 90

wei ght pergenls 1tik®ikesd idag' @8l RheomR@sistikan rihgcomes too flexible to
bear a | oad when sem conductor chips are nounted. Consequently, a |arge
hol l ow i s crmakedprarthebladhesevelkayer apdulhysiadbesips daiheFe occurs.
Preferably, the content. of the thernoplastic resinis in the range of 20
to 70 weinghtstjéricentre Phefehabiysent MPg besmbresedalBot h@opeesent invention
i ncl udes phenol novol ac epoxy conpounds; cresol novol ac

- 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



epoxy conpounds; bi sphenol A epoxy conpounds; bisphenol F epoxy conpounds;
bi sphenol S epoxy conpounds; epoxy conpounds derived fromanthidagi phenol ,
phenol, or naphthol aral kyl resin having a xylylene bridge; epoxy
conpounds derived froma phenol -di cycl opentadi ene resin; alicyclic epoxy
conpounds; heterocyclic epoxy conpounds; glycidyl ester epoxy conpounds
produced by reaction of a polybasic acid, such as phthalic acid or dinmer
acid, with epichiorohydrin; glycidilam ne epoxy conpounds produced by
reaction of a polyam ne, such as diammodi phenyl net hane, 6 Decenber 2005 -
15 di am nodi phenyl sul fone, or isocyanuric acid, with epichlorohydrin;
brom nat ed epoxy conpounds; and epoxy conpounds havi ng a cycl ohexene oxi de

structur ch..as. ¢-. caprol act one denat ur.at.ed . .
3, 4- epoxt;i'%:ey é%o%eex y] erCPeat:r?y -O%‘ %’ LUy &P 6hdeafe RedFBoxyitatd, resin
tri.methyl t. ate . . .

3, 4--epoxyc cI5ﬁg%§ﬂhetﬁ?ﬂﬁgﬁﬁﬁ%{epg¥f§§€fbﬁ§§§ﬁéOﬁxﬁ %5&/%5251Q%

-~ P-net hyl=Ssival er ol act one denaturated 3, 4- epoxycycl ohexyl net hyl - 3",
4' - epoxycycl ohexane carboxyl ate. In addition, organopolysil oxane having a
glycidyl growpeaRflerfbbiaRe-denat Hr aked €ROX%CHNRALAHS iRLRHAYsed by
reaction of the above-described epoxy conpounds w th organosil oxane
havi ng drmeanesy lpcdeuR gy she:hs ued poAly dt@gatenlewo peal erdf, e epoxy
compounds and the silicone-denaturated -epoxy conpounds nmay be combi ned.
Pr ef er aldthy lieheaddipdl @melrd , t B& yeeoxy re@sing, stlké alsheumsehirdane Hasi n
contains a curing agent capable of reacting with epoxy resin. Exenplary
curing agéntresimg| pdé yvipalyarmhies ideyclyiayldidenky énetriidam ne,
triethyl enetetramne,

polyethylene 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.



m xyl enedi am ne, and di am nodi phenyl net hane; pol yam des, such as pol yam de
di mrer; anhydrides, such as phthalic anhydride, nethyltegbtahyds@pht halic
anhydri de, hexahydrophthalic anhydride, trinmellitic anhydride, and nethyl
nadi ¢ anhydri de; 3-am nophenol; resorcinol; catechol; hydroquinone;
pyrogal | ol ; 3-hydroxybenzoi c acid; 3- cyanophenol; 2, 3-di am nophenol;

2- am no- 3- hydr oxybenzoi ¢ 6 Decenber 2005 - 16 acid,;

3- hydr oxyphenyl acet am de; 3-hydroxyi sophthalic acid; 3-hydroxyphenyl acetic
aci d; 3-phenol sul fonic acid; phenol+cl4resins, such as phenol novol ac,
phenol aral kyl, bisphenol A, and bisphenol F;-resol-type phenol resin;
tertiary am nes, such as pol ynercaptan, 2-ethyl-4-nethylimdazole, and
tris(dimethy i I e : d.kew i S ch_as boron
trifluoride g?ﬁ%?%%?%gyc%ﬁg|ggﬁt%§? ?he%%ér?%égmgggﬁ%g{grgeﬁ%# F?nited to

these. Ruef ¢ealhy «oRpeRAk ilbeSiiRS iar nSednds &CUrikg ogdeRl grftor the
thernosetting resins and the epoxy resins. "Phenol resins are conpatible

W th polyaideges, amdtser ventend oFUithabkechhepdizng imatelial 1L01gikke the
pol yam des adequate thermal resistance and disruptive strength when the
pol yam desnare weeightThe rtbarnakhkeskstaneaqgandstihe cofipsiuptibye dgksengt h are

i nportant to the bal ance between the insulation resistance and the
adhesi oncaf behemeesilpxibdepoainti @henThe d¢entiead ak the tbeesvsetting resin
in the resin conposition which results in the adhesive |ayer of the
.. adhesilagefri bih ks hdhtke vealfigémoffo@®. temdcBAdweitght dpericent, aand preferably
i-n the range of 20 to 70 weight percent. A '
' fracture can occur in the adhesive layer. 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,




thernosetting resin content |l ess than 0.1 weight percent reduces the
thermal resistance of the adhesive |ayer and a thernose gbﬁggméﬁﬁgn cont ent
nore than 80 wei ght percent degrades the flexibility of t esive

| ayer, and 6 Decenber 2005 -- 17 consequently, a fracture occurs in the
~adhesive layer. Also, a curing accelerator nmay be added. For exanple, known
accel erators including aromatic pol yam ne, boron trifluoride am ne

conpl exes, such as boron trifluoride triethylamne conplex, imdazole
derivatives, such as 2-al kyl -4- nethyl$m dazol e and

2- phenyl - 4- alkyllnldazole organic acid, such as phthalic anhydride and
trimellitic anhydrlde di cyandi am de, and tri phenyl phosphi ne nay be used.

Pref erab ntent of.the curi.ng accel erator. js 1Q. weight percent or
|ESSII14%%ml (ke r%ﬁé;fOQ%feﬁﬁhﬁé%r¥an%¥%ﬁdﬁﬁl qihnorganic subst ance,
such as e ded _un).ess it

degr ades E?J}%eﬂargdél&ﬁ%ra]ﬂ%f q{%ogﬁé{cfhogeé&s\%g) g{gg Jde[‘Fﬁe resi %1050%05\4 tion of the

- _present doyent]on HRY JreSi r ndrawn fil ms,
drawn filnms, hot préggfngqaggérla 3 d%fagx%%ﬁﬁﬁéﬁﬁétrg§%'a%ngtalllc

foi | -1 anifatad SUBS! IRkRSu A S, 4%%& 1Mk 16 h ke lym_particul ar,
the resin conposition is advantageously used as an a sive ‘for

~ sen CoNtyt:Qic yRNEHESE n D RCAIR villa tes f&lzﬁhﬂe}tuﬁ%élp%m\é%to%@emfl cally, the
resin conposition is used for nmulti |ayer substrate, adhesive filns,

adhesi veleshasirs el HondipagkasHlcoR&Yneth yand 'w4r'l—@g>ox@wcq@he&aﬂerret allic
~foil-lam nated substrates. A protective |layer may be fornmed on an adhesive
| ayer 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




- of the adhesive filmof the present invention to prevent the 6 Decenber
2005 - 18 adhesive layer from being contam nated by dusfpe..Qider200ater, and
the like. The protective |ayer also inproves the workability when the
resi.n conposition is formed into a very thin film The protective |ayer
may be a polyester or polyolefin filmcoated with silicone or a fluorine
conpound or a paper lamnated with this polyester or polyolefin, and the
protective layer is not limted to these as long as it is capable of being
peel ed wi t hout damaging the resin <onposition. Wien protective |ayers are
provi ded on both surfaces of the resin conposition, preferably, the
peeling resi stance of one protective layer is different fron1that of the

ot her tl%ct 08, | AYE! é)he QL gkaess gflth,es ,%e{#gﬂvtﬁia i ijr%yto 125

arbltrarl ‘he select e pre fera

pm The 5 gzkﬁrg; WG, 1 QGa3S a%f d;he %21%‘?1%1 %ffc{rﬂ‘ca%%m[} pgfé%

f0|I-Ian1n In1 or sem con uctor evi ces W escri ed The

shape ofrefs%sad@%%hves 'plh@n%ﬁd nohS 1A &Jhae;ﬁ;lf 4,9 LA n%égﬁgrfoqd zand may

be tape-1ike or sheet- [ike. The adhesi n1an t'he met am ndted film
- have a pubsliphenwit ir; arre@'oqk%%%% hetd 1t @eldR p@éﬁl@q/ Qnig el astic,

such as polyi mde, ponester (phenyl ene  “sul fide), polyether sulfone
pol y( et Berhethepokgi@rehpt adf, am@,th@vql—mcafett@i}qtlmdyqu@ yagliyl ate, or of a

conposite material, such as glass cloth inpregnated with an epoxy resin.
The substrliat(elmeyhlyeafnehméthyll) phlchali;Ngnal G.caceddd 208 1exkS,
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




plurality of filns selected fromthese. The substrate may be subjected to
surface treatnent, such as hydrolysis, corona dischargep&glid Rhasna,
physi cal rougheni ng, and easy-adhesive coating, if necessary. Al so, when
the stiffness of the substrate is too lowto be treated, a stiff filmor
the |i ke capable of being peeled in a later process nmay be | am nated on
the rear surface of the substrate. The inorganic particles nmay be m xed
.into the resin conposition using a kneader or the like. Alternatively, an
inorganic particle paste or slurry -carposed of the inorganic particles and
a solvent or of the inorganic particles, a solvent, and a resin conponent
may be prepared with a roll ill, aball mll, or the |like and be

i
subsequent | with a necessary resin. com a m xi ng process,
f or exa%% S%qg%é%q rga%F@CtﬁgFtng 55 lnrgélnaggﬁﬁéﬁgngaygﬁd a solvent are

m xed. AR, 5%'%%QHPg§a%%B§Q ut%ﬁ g&sg'v'B&ehhetﬁ%?'@%Fﬁgﬁgkegﬂgwhs’ for

exanpl e, net hyl cel ol've | 0sol've one

di 0><aneac@%%%%orgy%gﬁ%aﬁa acasﬁl A2REnLBngn Qﬂmne' SBB%}&at%'l%@nehdbsoprOpy'

al cohol, tetrahydrofuran, dinethyl sulf butyrol act one, toluene

xylene,amghboegﬁgméﬁa@ eaeaygsabegealtrh§9989&eeetrla%h99ém&ﬁehyIbutanol
ethyl lactate, propylene glycol nononethyl ether and acetate derived from

propyl eaemghy&o! imiBAERRENYEreAEH e, MBLBYI RYr pokidgnes-wat er, or other 6
Decenber 2005 - 2 0 solvents containing at | east one of these solvents. A

stabi | i methyaifdigpeb3ankndazppaehpitathoRyilhhiBht6le, aorghasti aczar, an
antioxidant, or the like nmay be added to the
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




m xture. These materials are mxed with a ball mll, an attritor, a rol
mll, a kneader, a sand nmill, or the like. Undispersed gpLdEt,a0d gelled
matter are renoved fromthe resulting resin conposition with a filter
having a nesh which is coarser than the size of the inorganic particles,
if necessary. The resin conposition is dissolved in a solvent and is then
applied on a flexible insulating filmor a conductive film followed by
being dried to form an adhesive |layer. Preferably, the thickness of the
adhesive layer is in the range of 0.1 t-0 100 rim Mre preferably, the
thickness is in the range of 2 to 25 pm The applied resin conposition 1is
dried at 100 to 200C for 1 to 5 mnutes, and thus an adhesive filmis

f ornmed. i.S ;adhesi i {.S ] - W e tegtive,fj and is
A B T P e e e A e

adhesi vertapge 43d.f orngepi.ceRAUcAr 14041Ce8shSifRRRYELeRe ON the ot her
hand, in order to forma netal-lamnated film the adhesive filmis

| ani nat @@ rwabh1atgetabhi enhtokksiandeompbsNEEESSAE Y Formbdi SneYl 8dvedhe

resul ting adhesive tape for sem conductor devices and netallic

foil -1 aghaat €d1fl | NTREepUsedct oteal BybecraPebe 20060t yddter or

sem conduct or - connecti ng substrate, and the sem conductor- connecting
substrapelyslused folmacsetredontlunt st 1ldevheeor Met hodsrine osmpbacduri ng an
adhesi ve sheet for sem conductor devices, using the resin conposition of
t he present papeeniannnanddf eithanbiacpat vagtar sem gohgutedin, davilce usi ng

t he adhesive sheet will now be described. The
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



resin conposition is dissolved in a solvent and is then applied. on a.

pol yester film having | ow peeling resistance, followed py.bgi-nehosiri ed. The
surface of the resin conposition applied on the polyester filmis

| am nated with a polyester or polyolefin protective film having nmuch | ower
peeling resistance, thus resulting in an adhesive sheet. The resulting
adhesi ve sheet is subjected to thernoconpression to be bonded to a
copper-lam nated TAB tape with wiring. The other surface of the adhesive
sheet is also subjected to thernoconb?ession-to be bonded to an IC and is
“then cured at 120 to 180C. The IC and a wiring board are joined with each
other by wire bonding and are then sealed with a resin. Finally, solder

bal | s ang fionnmed, Jy Sahdersd1eidiu Aath ks 2 safeanguatof deyj.ce is

conpl etéd. According to the above, the adhesive filmfor sem conductor

devi ces pet heipRicldd & Qurd2 ratRdnldrlen de Semgandyediar - connecting
substrate, thé adhesive sheet for sem conductor devices, and the

sem condidicola dEviceR @) k16 Pacerber p2QRE cal2ZodidiEtg, Branpl es The
present invention is further illustrated with reference to exanples, but
it is neady-nidhedive thetiexgnplfesieddstssiry.a midgd whein el uating the
resin conposition will be described. Evaluation 1. Adhesion Strength An
el ect r olsytiifd nesppert fthiel swbih ratehiickness lofv 18 pm treated, a stiff

film or the like capable of being peeled in a later process
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



was | am nated at 130C and 0.1 MPa onto a 35-mm wi de sanple tape with the
resin conposition serving as an adhesive. Next, heat trgﬁgagﬁggr%o\g/ere
performed in an air oven at 80C for 3 hours, at 100C for ours at
160C for 5 hours, in that order, to forma copper foil-lamnated film
Copper wiring of 2 mmin wdth was patterned on the copper foil- |am nated
- filmby copper etching, and the tensile strength of the copper
foil-lamnated fil mwas nmeasured. The neasurenment of the tensile strength
(NNm was perforned at a tensile rat20of 50 minmin and at 90 with a
tensile strength testing machine, "Tensilon" UTM 4-100 nmanufactured by
Oientech to estimte the adhesion strength of the resi n corrpositi on. 2.

oAl FESALAGR Ao S AREIP 9 LIACLl Y] GBIl L, & L cleness

of 18 pm "was 1lam nat et mmwi dé sanple 6

Decenber, %%qalze%‘?‘ t%ﬂeslp\@gslénftthe I ;ﬁ@%ﬂ:’?ﬂc}d %kﬁ%\édé%g foran adhesi ve.

Next , héat treat ments Were perforne n air oven_at 3 hours, at

100C f o 1%5*%‘1‘&%exan%r@tanjt@%9lfd&rnt5 Qﬁurt‘he 1ikd haly Ydelaad HPeMa copper
foil-I am nated film The .copper foil-lamnated fillmwas cut into a 30 mm

square. ml&ftwe.belms%omt_térq@q@ i AR iMDSANS & #a180Giand 8% RH for 48
hours, the copper foil-lamnated filmwas i mediately floated on a sol der

bat h forth@iseaqnds rsuahntihat, héneedRper <f Gand aga Masrupth ndde . Thus, the
maxi mum tenperature of the solder bath at which swelling and peeling were
- not  exhithidiegewasdalaetmmectd Jellker malttExpansd ornCeeld ifGioant-he
.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




Only the resin conposition serving as the adhesive was forned into a | ayer
having a predeterm ned thickness with |amnator, and thgn.h8atrohd eat nents
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 cure the adhesive layer. The resin
conposition was cut into a predeterm ned shape, and then the thermnal
expansi on coefficient of the resin conposition was neasured. Using a
thermal anal yzer, TMA SS6000 nmanufactured by Sei ko Instruments, thernal
~expansion of the resin conposition wasl reasured at tenperatures in the
range of 30 to 160C at a heating rate of 5Cmn with reference to the

| ength of a sanple resin conposition at 30C, and thus the nean thernal

expansi Qi JRCRIMIr 2R 214 rig SRBS Gicent J(RPThY) sahibeapgrabyces in the
% ned. 4. %? I gﬁpy

range of 30 to 160C was deter astic dul us the resin

CONPOSi R SIHP G 1% ik AdRESILY YRS of ABdonllerdr! aushchaving a
predeterm ned thickness with a |amnator, and then. heat treatnents were

performed i nMaehaik feY-eRadlir@0Cut@hqg3aNOUifesdte 100&eE 0Fop hours, and at
160C for 5 hours, in that order, to cure the adhesive layer. The resin

conposi tsiea cwasiveitior [le@ izdepr, edeti eryricned relkape coapdsithen bliecgkastic
nodul us of the resin conposition was neasured. The neasurenent was
per f or npdaesienit DME<6100n rmouffact meed thy tGeiikag hnsemieatiscabran
oscillation frequency of 1 Hz at tenperatures in the range of room
't enper atlgve ceo UGG dhea akbatiing saeetoWwi3C nbr. bE. dFENMrChsedr vathen
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




. Only the resin conposition serving as the adhesive was forned into a
| ayer, and then heat treatnents were performed in an aigpQyee Rbhs 80C for 3
hours, at 100C for 5 hours, and at 160C for 5 hours, in that order, to -
cure the adhesive-layer. The phase separation structure in the adheS|ve
| ayer was observed by transm ssion electron mcroscopy (TEM, and the area
ratio of the matrix phase to the disperse phases, the shapes and sizes of
t he di spersion phases, and the disperse state of the inorganic particles
were determined. In order to determ 22 the area ratio of 6 Decenber 2005 -
25 the matrix phase to the disperse phases, a polyethylene terephthalate
film("Lumirror" manufactured by Toray) having a thickness of 25 pm was
superpogg? an t he TEM phot ograph of 15 cm square taken at a nmagnification
f 1000 |nes and the areas corresponding to the matri x phase and the
di sperse, . .phasgs were cut out and were each wei ghed. The neasurenent of
the area ra io was perforned three tines and the nean area ratio was

cal cul at ed. ﬁ?égég &@Xﬁ{%r&ic@'i@”&@@t}f@?'Plﬁ!ﬂf@ééé)w%ﬁng a di mer
acid, PRIPOL 10 produced by Unichema, and adipic acid as acids, acid and

anm ne reagtanhscatg <REGPEESI BHEhithat hbe aghstanipe takio is about 1,
and an antifoam ng agent and 1% or |ess of phosphat e catal yst were added

to prepakempbeiNt eraet BNt a ABEhLAt EbACEAALUNESneahedredin140C for 1 hour,
subsequently heated to 205C, and was stirred for 1.5 hours. The

i nt er actampovasibrf&ilbh RekPasofibyacuum for 0.5 hours to cool down.
Finally, an antioxidant was added, and thus a polyam de resin having a
wei ght -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




aver age nol ecul ar wei ght of 20000 and an acid nunber of 10 was obtai ned.
Exanple 1 Preparing Inorganic Particle Slurry Using "AergQsdlmpeoP0, Which
has a nmean primary particle size of 40 nm produced by N ppon Aerosil as
spherical inorganic particles, 1 kg of silica slurry was 6 Decenber 2005 -
2 6 - prepared: The constituents of the silica slurry were 90 parts by
wei ght of the inorganic particles, that is, "Aerosil" OX-50, 10 parts by
wei ght of the polyam de of the Reference Exanple, 350 parts by wei ght of
~benzyl al cohol, and 350 parts by weidfht- of isopropyl alcohol. The liquid
m xture of these materials was stirred at 1000 rpmfor 30 mnutes with a
honogeni zer to prelimnarily disperse the inorganic particles, and was

SUbseqU%@bleYWl%B' Ehed reist BY wellohye%rk&%g agBouf %@Mérs%eby Wily A
Bachofen with 85% of zirconia beads having a dianeter of 0.3 mmwth

respect nb@tt hgegapackehymehtthaerkl bedtrormduskn gt atiroBvah 300@orpm at a
flow rate of 400 mL/mn for 1 hour to mai nly di sperse the inorganic
particl €sr Bhusura,skki ¢cao sl wekys(apuwas AhaparedsoPregaki BghAdResi ve Tape
~for Sem conductor Devices The polyam de resin of the Reference Exanple 1,
whi ch iia ahthebmdpkastobcoesi B, ceppergfagent asmtansiest fagmof HRe 4032
produced by Daini hon I nk Chem and "Shonol" BKS-316 and "Shonol" CKM 908
pr oducedoppeBhéwalHighpobyrdr fiamdwhhecusi inca sl G0r ym( ajjuaeee m xed

according the conposition shown
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



in Tables 1 and 2. The m xture was dissolved in a m xed solvent containing
i sopropyl al cohol, benzyl al cohol, and nonochl orobenzengpatmnPisosand thus
an adhesive solution was prepared. The adhesive solution was applied at a
t hi ckness 6 Decenber 2005 - 27 of 12 pmon the pol yethyl ene terephthal ate
film"Lumrror" having a thickness of 25 pmand was dried at 100C for 1

m nute and at 160C for 2 mnutes to be forned into an adhesive sheet. The
adhesi ve sheet was | am nated on a 75-pm thick polyimde film"Upilex" 75S
produced by Ube Industries at 120G & -0.1 MPa, thus resulting in an
adhesi ve tape for semi conductor devices. The adhesive tape was eval uated
in accordance with the nmethod descri bed above, and the results are shown

in Tabl : rdi othe _TE r LQn, t ar ratico-af .the matrix
phase't%O%ﬁgégﬁgggrggp%ﬁéggsa&ag%%g%gg%gkggt%g Qﬁﬁofggﬁﬁc%gagﬁig es were
present qigh g Jisnterfaces hetween the nmatrix phase and the disperse

p

phases. The di sperse ases had a 'higher order chain structure, as shown

in Fig 4l gExamelemdapingsi n conposition and an adhesive tape for
sem conduct or devices were prepared as in Exanple 1 except that the silica

slurry (a) wes1di sper s8dih0todpBOUE Soh NSt £Ahg Ofis It AQUsandhevE esasts are
shown-in Table. 1. According to the TEM observation, the area ratio of the

matri x ghasedt antot e ldiyepeha@iphaseprodstédhlfeandnt BenkBer ganhcaparti cl es
were concentrated in the interfaces between the matrix phase and the
di sper séaphasesr, Thaddithpar heaphagesthadta hegheperformed 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




order chain structure due to the inorganic particles, as 6 Decenber 2005 -
28 shown in Fig. 2. Exanple 3 Preparing Inorganic Partggléeasaltiosy Using
"Aerosil" OX-50, which has a nean primary 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, 10 parts by
wei ght of HP 4032 produced by Dai ni hon Ink Chem, and 700 parts by wei ght
of benzyl alcohol. Using the liquid-mgture of these materials, a silica
slurry (b) was prepared as in Exanple 1 except that the inorganic
particles were dispersed for 3 hours instead of 1 hour. Preparing Adhesive

Tape for_.Sem_caonductor vi ces The pol yam.de resin of t ef er ence
Exanpl e,th\ﬁnimcccrilsf{ p;hatsﬁeer r?o%lef]aest lgp%gﬁy%,phﬁﬁ?%g LEHE Fing of HP
4032 pr, i .haon Lnk m_.and " Shonal " BKS-316 a Sh " Shonol "
-CKM 908 t%%)%ﬁ%él ay Shryolvl%gn I—‘i Jgiﬁlf)no r)%r?é:r, ol %%Cer]cu%elc}aibcya%iciﬁﬁﬁ ?%}n%\ere

mi xed acCerdicithdd e LOMOS UhpeiRhd Bl 8 LSey A Dgralies @ resin

conpaosition and an adhesi've tape for “sem cond ces prepar ed

as in  Bagy %qﬂgl-a-reTQ%He%S%ltt% m‘agm%i%aéi%} 4N fRfod N dSulNg  tape
are shown in Table. 1 6 Decenber Z005 - 29
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. 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




According to the TEM observation, the area ratio of the matrix phase to

t he di sperse phases was 65/35 and the inorganic particl gp.0B85ERs€SENt in
t he di sperse phases and the vicinity of the disperse phases. The di sperse
phases had a higher order chain structure. Exanple 4 A resin conposition
and an adhesive tape for sem conductor devices were prepared as in Exanple
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, thedrea ratio of the matrix phase to

t he di sperse phases was 70/30 and the inorganic particles were
conCentrated inthe interfaces between the matrix phase and the di sperse
phases. %d§perse phases had a hi gher order chain structure due to the
|norgaan ghrtlcles as shown in Fig. 3. Exanple, 5 and Cbnparatlve Exanple

Resi COMPOSh:ons,a0d,adies! ¥p £AD°8, (0L, SEMEPDyELOr 9o dsyices,

prepared using er osi was used and ha a mean

pri mar ng%wtclo% %'h%e l%régnl@ pa%:tl%@@%“ Eﬁlalt' RQr 0aRLG Bkt Bkeso,
according to Table |.. area-ratios of mafri X phase to the’ di sperse

~phases wgrgar%@cﬁyYQ@QQh%n@fthﬁel9@&9@ﬁh9epekttﬁeeﬁeﬁﬁkgnegncentrated in
the interfaces befweenthe matri x phase and the di sperse 6 Decenber 2005 -

30 - pB&&m@leThQSQI@Qet%ebghﬁéﬁghhadfabbhgbﬁraQ&dﬁbl?hahH 3sbructure due
to the inorganic particles. Exanple 7
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
Imonochlorobenzene at 30°C, and thus an adhesive solution was

prepared. The adhesive solution was applied at a thickness




A resin conposition and an adhesive tape for sem conductor devices were
prepared as in Exanple 2 except that "Aerosil" R972, whgh.haseHs mean
primary particle size of 16 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 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 di sperse phases had a hi gher order
~chain structure due to the inorganicoparticles. Exanple 8 Using "Aerosil”
'90G which has a nmean primary particle size of 20 nm produced by N ppon
Aerosil as spherical inorganic particles, 1 kg of silica slurry was

prepared consti.t uent of .t e S|I|ca Jaere 90 arts by, wei ght of
the |norgaE¢% pafilgl &Y, ené&%ﬁﬁ%ﬂ Hﬁ%ﬁé f61Ba Réight of the

curi 19 aget. e 4932, oxead 2y Baly an 1ok Grem %g%r“ﬁl ) arts by

wei ght o IC]UI m Xture o mat erial's was

stirred gty utJeO%Qld P fl%ro -20 AU G e %ohg@%%éer ihePLgl i mnart |y

di sperse the I norgani ¢ particles, was subsequently cenber 2005 31

stirred AMHdy s RPONGHMEL T ype %@Eeél%gnghé%%uh%g QémWEEk%dAon BagBof,gn with

85% of zirconia beads having a dianeter of O. mmw th respect to. the
capaci t yafckt he 1Riildi qat ra16i 9kpinetat hoe gnisoaQ@@dr P 8beathhow:kakg of 400

m./mn for 3 hours to mainly disperse the inorganic particles. Thus, a
silica situn2y° Caknees.pr epar edhubsicegullfifgsihi 68 shHeEYve 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




.an adhesive, .that is, a resin conposition was prepared so as to have the
sane conposition as in Exanple 4, and an adhesive tape y8S.M.£Re¢ed and
eval uated as in Exanple 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
di sperse phases and particularly in the vicinity of the interfaces

. between the matrix phase and the di sperse phases in the disperse phases.
The di sperse phases fornmed a higher order structure in which spherica

di sperse phases tightly gathered to b substantially concatenated, as
shown in Fig. 4. Conparative Exanples Using "Aerosil" OX-50, which has a
mean primary particle size of 40 nm produced by N ppon Aerosil as

spheri calshdwar ganirgqpart.icles, 1 kg of silica e u -ry paste was prepared
The constituents of the silica slurry were 35 parts by 6 Decenber 2005 - 32
wei ght ofEddugplienay ganic particles; that is, "Aerosil" OX-50, 65 parts by
wei ght of the polyam de of the Reference Exanple, 200 parts by wei ght of
benzyl alRmpalrinbhanorguind dripstriielef sihesg materials was stirred at 1000
rpomfor 30 mnutes with a honogenizer to prelimnarily disperse the

i norgani ¢ par UsthgsTAandsia¥ oxbSequenitly hpassefedlroughasy3-roll mll
(EXACT M80) 10 tines so that the inorganic particles were dispersed.

Usi ng t hiPrdilldlea sigasd, 4@nnagdhpsodecetihby N$ppanr Reirbsé@npesi ti on was

spherical 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
Exgmple 1. The resuits of the evaluation for the resultingr

.tape are shown in Table. 1



prepared so as to have the sane conposition as in Exanple 1 and an ,
adhesi ve tape was prepared and eval uated as in Exanpl e dpedhgri@sults are
shown in Table 1. According to the TEM observation, the area ratio of the
matri x 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. Exanple 10 Preparing Adhesive Sheet
An adhesive solution containing the silica slurry prepared in Exanple 1
was applied on a 38 pmthick polyetpxiigg terephthalate filmwith a
silicone releasing agent ("Film Bina" produced by Fujinori Kogyo) with
a bar coater so as to have a thickness of about 50 pmafter being dried,
and was dried at 120C for 5 mnutes to conplete an 6 Decenber 2005 - 33
adhesi ve sheefcsordiagptesshe THMenbbenvatPoapathagabesi soptuicsor+ievi ce An
el ectrolytic copper foil with a thickness of 18 pm was | am nated at 140C
and 0.1 W 1GRt Phasaidesithe TABpease, ph#EE80 wasod5¢e8 bydTenay.

- Subsequently, heat treatments were perfornmed in an air oven at 80C for 3
hours, at*FEEY G PRriisdes vwaesg REes80C fior thehduspersa phatesrded, thus

resultin% in_a copper foil-lamnated TAB tape. The copper- foil surface of
t he TAB tgﬁ%‘ﬂéEJQJBjé@té@etglﬁﬁﬁﬁﬁ?iﬁha§ﬁsa Fhet diepestel pheseset chi ng,

renoval of the resist, electrolytic nickel plating, electrolytic gold
platihg,ggﬁ%a gﬁﬁ%eEéFFGﬁroFEBHBt8t§BFHBFeresist, as in the usual nanner.

- 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




Thus a patterned tape was prepared. The thicknesses of the nickel and the
gold were 3 pmand 1 pm respectively. The adhesive shegtp.Qipti¥8050r esent
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 thernoconpression at 170C and 0.3 MPa. The |1 C on
t he adhesi ve 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 | C was
sealed with a liquid sealant, "ChipcpatZ 81.18 produced by Nam cs.
Finally, solder balls were provided to conplete a sem conductor device.
The resulting sem conductor device had a high wre-bonding strength, heat

cycl e resistance,,and,.6._ Decenmber. 2005 -, 34 .sol der refl ow resistance.
Conpar agjﬁl\?es e%(arrp B¢ PIARSESS p?‘c?rﬁ%s ?ﬁdor? IHERGT RFFES \‘fgatlélpe wer e
prepare i I e t i.nqrganic particle slurry was
not use%ﬁ%ﬁ%iﬁklng tgﬁ%#gm¥éﬁﬁ%ﬁé£§§h&¥§ﬁ?£ﬁﬁ%'area ratio of the matrix

phase t@b&ﬁﬁb%? sperse phases was 70/30. The disperse phases did not form
any higher order structure, and spherical disperse phases were

scat teri ngl yasepatal 8dnpods:3BAVANaf danfs10aMPapAl Eye Bxample 2 A resin
conposition and an adhesive tape were prepared as In anple 1 except that

" Admaf i RemiSenductd ERvias A weRaR ritiaFRiY aRalihl gkemphaerofxBegdtt0 0.3 pm
produced by Admatechs was used as spherical inorganic particles. According
to the ThMtobgemeatilonrIe ah@ah &kis0 a0hebh€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




matri x phase to the di sperse phases was 70/30. The inorganic particles
were present in the matrix phase and the disperse phasegpdlghpstosformany
hi gher order structure- Conparative Exanple 3 A resin conposition and an
adhesive tape were prepared as in Exanple 2 except that "Admafine" SO O
which has a nean primary particle sgge of 0.2 to 0.3 pm produced by
Admat echs was used.as spherical inorganic particles. Resin conpositions
which did not contain inorganic particles (Conparative Exanple 1) and

whi ch cont ai ned 6 Decenber 2005 - 35 |norgan|c particles having a |arge
particle size Cb arative Exanples 2 and 3) exhibit no higher order
struct ur estary tiOridEEusYRe KPHhAtBapefactneed LY 1%yt Aer mal

expansi on coeff|C|ent agﬂ conseq uentlg the reflow resistance mas oor. 6
Decenber Bopmofemewitly85%,9f zirsppia, Peasls oaavenant diaetepet)/nfca w7

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
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 to 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 conpatenatéd, 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-sl&ffy paste
wWas prepared. |

' The constituents of the silica slurry were 35 parts by



N C-6 U Q 4f)LI')IDrOd)C400 E QN

N CoLLO Cam')'0CI)00 Ca- Ex wUN 7 -
f O—f] I—{) NOO CZ) O OJLIVO\I%ccemberZOOS

~Xc pwuU l:: LOCo LLI

_32_

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 alcoﬁgl.

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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- phase separation structure conprises a matrix phase
~and the inorganic particles are mainly present in the igbgthiaesobet ween
the matrix phase and the di sperse phase. 2. A resin conposition according
to Caim1, wherein at |east one of the matrix phase and the disperse
phase fornms a chain structure. 3. A resin conposition according to Caim
1, wherein 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. 4. A
resin conposition according to Claimd47 wherein the ratio of the elastic
nmodul us thereof at 30C to the elastic nodulus thereof at 150C is 30 or

| ess. 5. An adhesive filmfor sem conductor devices, conprising: an
~organic insulating layer; and an gggisi e layer formed on a surface of the

and a di sperse phase,

- organic insulating layer,  the adh avc;hr) conpri sing a rpqi n
conposi tign forth in 6 Dece 2005 39 dhesive film
accordi ng tﬁ?‘?@?&%{ furt hp&lme E@\&Ip[?m ngaipr MQBW”F\%PEI“'@?{?&‘FE’(FFH abl e of
bei ng  pedl ed. A IanlnatedA%ﬁ ith metallic foil &onpr|5|ng ;oan
-adhesive flilmas set forth in arm5; and. |a netallié foil |am nated on
t he adhesijve | ayer of|the Q&gﬁv gfilm 8.1 A sem conductor devige
conprising a lamnated film netallic floil as set"tforth in Cjaim7.
' il “‘Aerosil’ R972 16
IV ‘Admafine” SO-C1 200-300




9. Aresin conposition according to Caiml1, wherein the inorganic
particles have a nean primary particle size of 0.08 mor |less. 10. An
adhesive filmaccording to Claim5, wherein the adhesiWPetemhar 20660pri ses a
thernoplastic resin and a curing agent. 6 Decenber 2005 - 40 ABSTRACT OF
THE DI SCLOSURE RESI N COVPCSI TI ON, ADHBES8I VE FI LM FOR SEM CONDUCTOR DEVI CE,

- AND LAM NATERLF LM W TH METALLIC FO L AND SEM CONDUCTOR DEVI CE USI NG THE
SAME A resin conposition has a phase separation structure having at | east
two phases and inorganic particles having a nean prinmary particle size of
0.1 pmor |ess. The phase separation structure includes a matrix phase and
a di sperse- phdserSThe SREPGERITE OPart I e HE ndi MNRSS cSERI2RI ARy  one

of the matrix phaserdhie wisney se: pPhagsr 2pd e sdt ea[ﬁc?%ﬁf&éﬁ‘?f the

S
matri x phase and the di sperse phase. The resin conposition has a high
‘thermal expansir@rticdefs igivemy andiesiragtyignamdubarst i@l times @f o¥i des an
adhesi ve for sem conductor devices which has excellent reflow resistance
and adhesi on. GﬁiGO?D less, and the content of the inorganic
' particles is more than 16.7 weight percent, and the
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.
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An adhesive film according to Claim 5, further

comprising a protective layer capable of being

peeled.

A laminated film with metallic foil, comprising : an
adhesive film as set forth in Claim 5; and . a
metallic foil laminated on the adhesive layer of the

adhesive film.

A semiconductor device comprising a laminated film

with metallic foil as set forth in Claim 7.

A resin composition according to Claim 1, wherein

the inorganic particles have a mean primary particle

size of 0.08 um or less.

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

curing agent.






