1 SPECI FI CATI ON SEM CONDUCTOR DEVI CE, RESI N COVPCSI TI ON FOR BUFFER
:COATI NG RESIN COWPGCSI TI ON FOR DI E BONDI NG AND RESI N COVPCSI Tl ON
FOR ENCAPSULATI NG 5 TECHNI CAL FI ELD This invention relates to a

sem conductor device (hereinafter, optionally referred to as a
"package") exhibiting excellent anti-solder 10 reflow resistance and
also relates to resin conpositions for buffer coating (hereinafter,
optionally referred to as a "buffer coating material"), resin
conpositions for die bonding a sem cSREGEHIGATEMN p (hereinafter
optionally referred to as a "die bonding material") and resin
conpositions for encapsulating a sem conductor chip (hereinafter, 15
optionally referred to as a "encggsula@én nateri i.ch are use

"n e pr ocess: hckedalfiir s RS BrorettsgCflatgs e
on & board fr SRS FoNTaR e B Retar R oM RESEPSY B bR f g e

sol der has; a higher nelting point than a conventional tin-I|ead
teutectic solder and thus nmust be nounted at a higher tenperature by
about 20 to 3Qg&pdehi NegrpgapuUnting 25 a sem conductor device. This
i ncreased nmounting tenperature causes a larger thermal stress than
usual between nenbers constituting a sem conductor device and
increase in a vapor pressure due to rapid 2 evaporation of water in
resin conpositions famienaapsticatialgted eadisagicdmiutendancitet edeiredtsr,
such as del am nation between nmenbers and package
optionally referred to as a "package") exhibiting excellent anti-solder
10 reflow resistance and also relates to resin compositions for buffer
coating (hereinafter, optionally referred to as a "buffer coating
material™}, resin compesitions for die bonding a semiconductor chip
{hereinafter, optionally referred to as a "die bonding material") and
resin compositions for encapsulating a semiconductor chip (hereinafter,

15 optionally referred tc as a "encapsulating material”) which are used

in the process.
BACKGROUND ART

D There has been increased the use of a lead~free solder without
lead in mounting a semiconductor device on a board from environmental
consideration. Generally, a lead-free solder has a higher melting
point than a conventicnal tin-lead eutectic solder and thus must be
mounted at a higher temperature by about 20 tc 30 °C during mounting

sl a semiconductor device. This increased mounting temperature causes
a larger thermal stress than usual between members constituting a

semiconductor device and increase in a vapor pressure due to rapid



cracks. Furthernore, the organic insulating interlayer with | ow

di el ectric constant, which used in the nost advanced sem conductor, 5
was frequently destroyed by thermal stress in packaging because this

| ayer is strength poverty and brittle. Thus, it has been increasingly
needed to inprove reliability in each nenber used has higher
reliability for providing a sem condugtor device having excell ent
resistance to anti-solder reflow resistance. 10 The nost effective
way for neetémmporathomeddstes ingegiiniospesiignefosseerpiilating odpading
. resin conpositions for encapsul ati ng. There have been proposed

" various appr Bagprdensiidte defeappryrngs dol ek nrat en ! %"Wﬂi‘%er? 887 RAGREe
dense filling of an inorganic filler (See,, for exanpl Japanes

Patent Appl i EEFn NOT™ f%@é@rﬁts@b% Orﬁ%‘m? IFUSREInNGGRETRE ST With low

t f b t
encapsul at | G OB S CalrSTARESH Ty L e BOE REvPRa PEMSPEro™
{Nhgher r%l I a&% fEX ue E?t{é FS%\I.C? %g t\ﬁ%rﬁgprs 8@5 % ale:%a fr?gi‘jﬁégg,ls% this
ermal sStress in t ween rre ers cC nStI

sem conduct of )@’i&cgtrer@%?cﬂofvbf@}lr E¥a bﬂtﬁ%y b, hi ey edpbyn ﬁ%&@ab%ﬁcﬂﬂr

thermal extension 20 coefficients of menbers, or 'by reduci ng an

el asti c noduhssaelfceapRot®rbelapifioty Eﬁ@élé‘ﬂzﬂ&&r%é@%&sﬂ@@l%ﬁi@ﬁaBYllty
di screpancy in a thermal expansion coefficient between nenbers.

However, par téalproethiciy ascaficandiebiedevistresdnalonelisnt nagdeguate to
in a seniconductor device consisting of a plurality of conponents,
and soneti nesntiocaldeededicomrasfisaandmr nal 25 stress nay get worse
defects in other interfaces. There has been, therefore, needed to
adj ust pRysical prop@ettess abfinegiae pRurkat R5GNT Thehirgesist by te daeT
a thermal stress in each interface between nepnbers. 3 _[Patent
Document 1] YaHhibSerPEig-feranepn fé?ﬂPOﬁe:5+<?rb%’%qrcﬁﬁwﬁﬁsula’tmg There have

been proposed various approaches such as applying a low water-absorbing
resinanddense fillingof an inorganic £iller (See, for example, Japanese
Patent ApplicationiNo. 2002-145995, pp. 2 to 6) . However, minimization

15 of water absorptioninresincompositions forencapsulating alone cannot
satisfactorily meet the requirement for higher reliability.

Another effective approach may be reducing a thermal stress

in each interface between members constituting a semiconductor device.
Specifically, it may be achleved by equalizing thermal extension

2 coefficients of members, or by reducing an elasticmodulus of each member
for reducing a stress generated by discrepancy in a thermal expansion
coefficient between members. However, partial reduction of a thermal
stress alone is inadecuate in a semiconductor device consisting of a
plurality of components, and sometimes local reduction of a thermal

2% stress may get worse defects in other interiaces. There has been,
thererfore, needed to adjust physical properties among a plurality of

members for reducing a thermal stress in each interface between members.



2002- 145995 (P2-P6) 5 DI SCLOSURE OF THE | NVENTI ON An obj ective of
this invention is to provide a sem conductor device exhibiting
excel lent anti-solder reflow resistance and reliability in surface
nounting using a | ead-free solder, and resin 10 conposition for
buffer coating, resin conposition for die bonding and resin
conposition for encapsul ati ng sem conductor. According to an aspect
of the present invention, there is prow ded a sem conductor device
formed by placing a sem conductor chip whose surface is coated W th
a cured resin co%305|t|on for buffer coathg 15 o

| ead
frame via a CGRE freE??iml?&ﬁchu t1ORIPET  GPEC B rP&teg dpubllcam“ No.
encapsul atin C or chip on the pad in the lead frame by
a cured resi %O@gnb%gl% g Lb%b encapsul ati ng, wherein the cured resin
conposition for buffer coating has an elastic nodulus of 0.5 GPa to
2.0 GPa both inclusive at 25 C, 20 the cured resin conposition for

di e bondi ig hascadspkaski fur RGO 1 MPa to 120 MPa both
inclusive at 260 C and the cured resin conposition for encapsul ating

has an el astic nodulus of 400 MPa to 1200 MPa both inclusive at 260
C and a thermal expansion coefficient of 20 ppmto 50 ppm both
inclusive at 260 C, &bobfdetive §f elustinoéntike & astgrovidsal sisiabndiitor
cured resin conposition for encapsulating and thernal expansion

coef ficient okevite cdikitingserceldenpositi-enldar reflcapsasEttiengs iz:d8000
to 45000 both inclusive. 4 According to another aspect of the

present i nverelbrbiltifer & isyriresy ngaoting esing @okqﬁ@biﬁmwoﬁ-@@rrbamienesm
coating used for a sem conductor device formed by placing a

seni condd®t oCOBRPH IRB SOTSRIFFeEerqad lpgaragin composition fordie bonding and

resin composition for encapsulating semiconductor.

According to an aspect of the present invention, there is
provided a semiconductor device formed by placing a semiconductor chip
whose surface is coated with a cured resin composition for buffer coating

1B on a pad in a lead frame via a cured resin compesition for die bonding
and encapsulating the semiconductor chip on the pad in the lead frame
by a cured resin composition for encapsulating, wherein

the cured resin composition for buffer coating has an elastic
modulus of 0.5 GPa to 2.0 GPa both inclusive at 25 °C;

D the cured resin composition for die bonding has an elastic
modulus of 1 MPa to 120 MPa both inclusive at 260 °C; and

the cured resin composition for encapsulating has an elastic
modulus of 400 MPa to 1200 MPa both inclusive at 260 °C and a thermal
expansion coefficient of 20 ppm to 50 ppm both inclusive at 260 °C,

% and the product of the elastic modulus of the cured resin composition
for encapsulating and thermal expansion coefficient of the cured resin

composition for encapsulating is 8000 to 45000 both inclusive.



with a cured resin conposition for buffer coating on a pad in a | ead
5 frame via a cured resin conposition for die bonding and

encapsul ating the sem conductor chip on the pad in the |ead franme by
a cured resin conposition for encapsul ating, wherein the cured resin
conposition for buffer coating has an elastic nodulus of 0.5 GPa to
2.0 GPa both inclusive at 25 C. 10 Accordding to a further aspect of
the present invention, there is provided a resin conposjition for die
bondi ng used for a FERPEHTWUES GROTly peRedto Phddiehyresicasi Myeation, there
sem conductor chip whose surface is coated wth a cured resin

conposi ti on FOPrHULEER rEYHIGHGOBH 1@ Fad PR & Go8RHNT YRR G PEMLPoRERE P
resin conposition for die bondi ng and. encapsul ati ng, 15 t he .

sem conduct ofle‘éltﬁepf%rﬁ“eg‘h‘%y B%a)'—i')cz'inﬁ 1 FERF g F%F’H&%QO%% PREE 38 coated
conposition for encapsul ating, wherein th red resin co i1iagn
for die bond"hy' RaSuu5y BF adt ?%mpo léhlﬁ”héft OEfeb U%%F/gacotagii%@ I\)g}%%of%% lead
i inclusive at Ac i 1.0 her : PLESEM 1 ati
inventi 0%, tﬁ%arg% 912% a. &B:regi % edccgnptagﬂﬂb% fc?rSBJe.&tb.oH&lrgc%gn ating

I'S provi a'resin conposition

encapsul at i ngrusedi EHaRtSLTHERNIUELOhaddEY ithe TQLMBARYLPIRELAM Resin
sem conductor chip whose surface is coated wth a cured resin

- conposi tion kefpdutier ©eath ng@rﬁadwﬂé}eanl ead franme via a cured
“resin conposition for die bonding and encapsulating the

- sem conduct or chi p ahetdeefackstin dohposgadnifoanmifgracevuiwgdhaesnrelagbic
conposition for encapsul ating, wherein the cured resin conposition

- for encapsul abduigishas @&rs ebagio 2.0 rduboish dhch@diviePat t4d 1200 MPa bot h
. inclusive at 260 C and a thermal 5 expansion coefficient of 20 ppm

. to 50 pp# both incl siceeding pee rthanaseee pf ddadiresent pavantasp ghere

nmodul us of the cured resin conposition , . , ,
is provided a regin composition for die bonding used for a semiconductor

device formed by placing a semiconductor chip whose surface is coated
with a cured resin composition for buffer coating on a pad in a lead
frame via a cured resin composition for die bonding and encapsulating
15 the semiconductor chip on the pad in the lead frame by a cured resin
composition for encapsulating, wherein
the cured resin composition for die bonding has an elastic
modulus of 1 MPa to 120 MPa both inclusive at 260 °C.
According to a further aspect of the present invention, there
4] isprovideda resincomposition forencapsulatingused forasemiconductor
device formed by placing a semiconductor chip whose surface is coated
with a cured resin composition for buffer coating on a pad in a lead
frame via a cured resin composition for die bonding and encapsulating
the semiconductor chip on the pad in the lead frame by a cured resin
5 composition for encapsulating, wherein
the cured resin composition for encapsulating has an elastic

modulus of 400 MPa to 1200 MPa both inclusive at 260 °C and a thermal



for encapsul ating and thermal expansion coefficient of the cured

resin conposition for encapsulating is 8000 to 45000 both i nclusive.
5 The resin conposition for buffer coating, the resin conposition

for die bonding and the resin conposition for encapsul ati ng havi ng

the conpositions as descri bed above can_provide cured materials
physical properties such as an elastic Yrodul us within the above
ranges. This invention can provide a sem conductor device exhibiting
10 excel | ent expbnsiwl desfiiefibowafed) strmte Hhgpmabdtabihdhusiive at 260 °C,
nount i ng us%gg a | ead-free_ solder, and also provide resin, .
conposi t i ons FErthuPFrefictcohthaglapess ROREMFot Cherared regie BBRT rigon

rocess. 15 BRFERBRSCRITRE R GETEL BRATINES PRELLEISrE & Uit fesin
- ti | Vi f i duct or, | i to,th

b esent | nverETBHE BAREET LT AR CARRY R 07 PROERTRERE e

sem cond ug tor devic eTt?g réﬂrnfsca?-c gxgis‘él'o%ok %ﬁ%?%f@o%tm{% pl:ﬁézfé‘&n c%mposition

sem conduct or chi pwhose su coate a cured resin

conposi tion Eo??di%%érﬁing%hiﬂ?& £@si‘ﬂ%én§bs£&%i A LiddD; 04k 13031 hY tRe

| ead frame 25 via a cured resin conposition for die bonding (a curéd

di e bondi ng JmRbLEE]Bbhs aldqenaapsyl AovaLahher 8 ik CaRdH Gt r 4 PpBsical
the pad in the lead frame by a cured resin conposition for

encapsul at i ngropettilegdstich eBCapdllagtifAgoaales ivdkhin theesieows bhndes.
described the sem conductor device of this invention with reference
to the draw ngs, butTais $evérddnduanqrrarédd @esaficohigtomvastice mxhsbitong
limtedto the configuration shown in FIG 1. 5 As shown in a
schemat i d0 cr exxsedbantt ankl-spilder oelfFpG repistance and reliability in mounting

using a lead-free solder, and also provide resin compositions for buffer
coating, resin compositions for die bonding and resin compositions for

encapsulating which can be used in the process.
15 BRIEF DESCRIPTION CF THE DRAWINGS

FIG. 1 is a schematic cross—-sectional view of a semiconductor

device according to the present invention.
2 BEST MODE FOR CARRYING OUT THE INVENTION

A semiconductor device of this invention is formed by placing

a semiconductor chipwhosesurfaceisceatedwithacuredresincomposition

for buffer coating (a buffer coating film) on a pad in a lead frame

% via a cured resin composition for die bonding (a cured die bonding
material) and encapsulating the semiconductor chip on the pad in the

lead frame by a cured resin composition for encapsulating (a cured



sem conductor device 10 has, for exanple, a sem conductor chip 18
placed on a pad 14 in the lead frame 12 via a cured di e bonding

[ material 16. In sem conductor chip 18, there are fornmed nultil ayer

- integrated circuits. In addition, on the elenent-form ng surface of
the 10 sem conductor chip 18, there is fornmed a passivation film 24
and a buffer coating film26. An openifaig is fornmed on surface of the
sem conductor chip 18. An opening is used in connecting to a bondi ng
wire 22, andencapsubstidiongaipadao i sThegsosild ba deserdmcothea RemigisBAneeRr
The sem conductor chip 18 placed on a pad 14 in. the lead frame 12

. via a cured @FEdSoAdi HES150FAIIEPR afitherefmrence £opbhRlig iRt Bt 2

t strain between the lead frame 12 and the sem conductor chi 8 so

' that these aﬁ%ﬂl&&eﬁ%feﬁcerdieé%%?ﬁF*EeaW&%ﬂ’ﬂ#—ﬁiﬂﬂ&ﬁ%?%@%@ﬁiﬁeSﬁﬁé&%?mn

- device 10 is fornmed encapsulating with a cured encapsul ating
material 28. SYWT A8 i conduct or device 10 having such a

configuration, 23 the gyred,di e hondino JRLEILALI AT 95l oFORFACE,

~with, for exanple, the™ pad 13 an € rear surtace of

‘ sem conduct oL ehi Byl B-orl ig@flb%ras,(fgﬁte%%]fei,lar@e%@.ci)ﬁddd%og%ﬁ&%@cﬁ placed
~with, for exanple, the cured encapsulating nmaterial 28 and the

- passivation §jldn24.14THe «aUredeensaRs b 3tk ng cuf@d aké Yonddng matérial 16.
contact with, for exanple, the buffer coating film25 26, the

passi vati on filderdéonddteosedhigondy citetre Ciriep F8rfedandl t Heavkeatht elgrate’
12. In this invention, the cured die bonding material 16, the buffer
coating fil nmc26cwing. t hen eddédicencapsilcatlempnrafemiabg 28 fhay eof7 the
physi cal properties such as an el astic nodul us w thin given ranges,

- so that # strenicogenere durdife &@réi%&%@%évaﬁw@tﬂﬁ@%m 2eRpAASuSReT
coefficient between nmenbers can be reduced, to provide_a )

" seni conduct oF°aH&g B iGhl §1 CBEPEM &5 é08FFY AN BEFAGSHEE HRE s§Rbconductor

| ead-free SOlclgl:ag 18. An opening is used in connecting to a bonding wire 22, and

thebondingpad 20 isexposed inbottomof theopening. The semiconductor
chip 18 placed on a pad 14 in the lead frame 12 via a cured die bonding
15 material 16. Then, a bonding wire 22 strain between the lead frame
12 and the semiconductor chip 18 so that these are connectedelectrically.
Finally, the semiconductor device 10 is formed by encapsulating with
a cured encapsulating material 28.
In the semiconductor device 10 having such a configuration,
0 the cured die bonding material 16 is in contact with, for example, the
pad 13 and the rear surface of the semiconductor chip 18. The buffer
coating £ilm 26 is in contact with, for example, the cured encapsulating
material 28 and the passivation film 24. The cured encapsulating
material 28 is in contact with, for example, the buffer coating film
sl 26, the passivation film 24, the semiconductor chip 18 and the lead
frame 12. 1In this invention, the cured die bonding material 16, the

buffer coating film 26 and the cured encapsulating material 28 have



5 There will be detailed resin conpositions for the buffer coating
film26, the cured die bonding material 16 and the cured

encapsul ating material 28 as descri bed above. Resin conposition for
buffer coating There are no particular restrictions to a resin
conposition 10 for buffer coating used in the present invention as
long as a cured material formed fromthe resin conposition has an

el astic nmodulus of 0.5 GPa to 2.0 GPa both inclusive at 25 C. An

el asti ¢ nodul playsdfai ropeutied mretleEsain cdasbie detelus nethiny givers grITHRS,
a tensile strength in accordance with JIS K-6760 , and calculating a
Young' s el ast $@ thallA g5ress garerzbed queohy ﬁié@%@l:i’ilﬁgaggﬁéﬁlﬂféxpﬂnsmn
resin conposition for buffer coating contains, for exanple,

epoxy- cont ai n‘i:‘?‘?gffé%?rifcb%q“@ﬁpﬁ“eF“E‘éFnca%bEﬁ&EiB‘é?ﬁ dtQBRFiLER S%Wd:ondmtor

furth t h
i Do, P T BT R
23 il I t t,

25 3 £11aBe Coun 113 a8ehly, AL SRGHYGE RIS XELL 6oL i

(co) polymer sont 3 ”'tﬂeg 5u§%§558%to${5ﬁlgf H&é 1‘3@1 Va“%%h Eﬁé)%h??cﬁlgﬁp%sﬂ?gl&ng

type nononer Fépresente genera or frul

R2 R3 R4 (whepgidy;Xs 28”%%&@;%%&& arbgpéesent 0 CH2 or (CH2) 2, a
plurality of Xs may be, if present, the same or different; nis an

i nt eger of Resin composition for buffer coating

There are no particular restrictions to a resin composition
10 for buffer coating used in the present invention as long as a cured
material formed from the resin compositicn has an elastic modulus of
0.5 GPa to 2.0 GPa both inclusive at 25 °C. 2An elastic modulus of the
cured material can be determined by measuring a tensile strength in
accordance with JIS K-6760 , and calculating a Young's elastic modulus

B at 25 °C from the resulting S8 curve.

A resin composition for buffer coating contains, for example,
an epoxy—containing cyclic olefin resin, a photoacid generator and
further, as necessary, a solvent, a sensitizer, an acid quencher, a
leveling agent, an antioxidant, a flame retardant, a plasticizer and

20 a silane coupling agent.

An epoxy-containing cyclic olefin resin used in the resin
composlition for buffer coatingmaybe anaddition {co)polymer containing
a structural unit derived from a norbornene type monomer represented

by general formula (1}:



Oto 5 and RL to R4 independently represent hydrogen, an al kyl -,

al kenyl -, 5 alkynyl-, allyl-, aryl-, aralkyl- or ester-containing
organi ¢ group, an ketone-containing organic group, an

et her-contai ning organi c group or an epoxy-contai ning organic group
and R1 to R4 may be the same or different in a plurality of
structural units, provided that at ledast one of RL to R4 in the

total structural units is an epoxy-containing 10 organic group). A
pr ef er abl e epgxy-conta{ning organic group is a glycidyl ether group.
A content of t{fe ural unit represented by general forrmula (1)
in the (co) poly n be determ ned such that exposure can initiate
15 crosslinki ng e a crosslinking density resistant to a
devel opi ng sol'u nerally, a content of the structural unit
represented by fal formula (1) in a polyner is 5 nol%to 95 nol %
bot h i ncl usi ve, erabl 120 nol % to 80 nol % both inclusive, nore
preferably 30 3 70 nmol % bot h i nclusive. 20 A photoacid
gener at or used gY®esin conposition for buffer coating may be
any known phgj oe jenerator. A photoacid generator 9 initiates
crosslinking tiaangﬁky group and i nproves adhesiveness to a
substrate by subs%qu t curing. Exanples of a preferredphotoacid
generator include oniumsalts, hal ogen conmpounds, sulfates and

m xtures of these. FRohefXBHY @xdeBendentdl k&HGeRAD] ChibATHONY, Wplsdhlity
may be sel ected from di azoni um anmmoni um 1 odoni um sulfonium
phosphoni um oAKSOREYMeANUE @¢RBEAHN €RE i RAS. oA diCOatdre; Anisoantintieher of
cation may be any conmpound which can forma salt wth the onium
cation wth 0oob and Bl toRsindepangdred yobpressot tyérogam, @n alkyl-, alkenyl-,

5 alkynyl-, allyl-, aryl—-, aralkyl- or ester-containing organic group,
an ketone-containing organic group, an ether-containing organic group
or an epoxy-containing organic group and Rl to R4 may be the same or
different in a plurality of structural units, provided that at least
one of Rl to R4 in the total structural units is an epoxy-containing

10 organic group).

Apreferable epoxy—containing organicgroup is a glycidyl ether
group.

A content of the structural unit represented by general formula
(1) in the (co)polymer can be determined such that exposure can initiate

15 crosslinking to give a crosslinking density resistant to a developing
solution. Generally, a content of the structural unit represented by
general formula (1)} in a polymer is 5 mol% to 95 mol% both inclusive,
preferably 20 mol% to 80 mol% both inclusive, more preferably 30 mol%
to 70 mol% both inclusive.

y4 A photoacid generator used in the resin composition for buffer

coating may be any known photoacid generator. A photoacid generator



i nclude, but not limted to, boric acid, arsonic acid, phosphoric
acid, 10 antinonic acid, sulfates, carboxylic acids and their
chlorides. Exanples of an oniumsalt as a photoacid generator

i nclude triphenylsulfoniumtetrafluoroborate, triphenyl sulfonium
hexaf | uor oborate, triphenyl sul foniumtetrafluoroarsenate,
triphenylsulfoniun1tetraf|uorophosphate? tri phenyl sul foni um 15

tetrafl uorosul fate, 4-thi ophenoxydi phenyl sul foni um

t et r af | uor obomatéates rhoopliekdxy diiphenygbewy fosaimmmnd improves adhesiveness
tetrafl uoroanti nonate, 4-thiophenoxydi phenyl sul foni um

t et r af | uor oart$efAas@staathiyp HEPRBARENp HERYPS Ul f oni um
tetraf | uorophosphat e, 4-thi ophenoxydi phenyl sul f oni um 20 _

tetraf | uor osul f onat eEXAWMLEBRE § PERETHYEHPPAIALL apF A -aitncludeoniunsalts,

tetrafl uorobqrate, 4-t-butyl phenyl di phepyl. sul foni um
Lot raf | uor osUIPRGRSRIFOTBONSut S0 | HPHERGHES PhiitigRe: For example, a

tetrafl uoroantinonate, .4:t- henyl diph f.oni ue . .
Lrif1uor obhosrioRaresass 14 R p b SR b Ro R et e caDh Hibgoniun, ammontun,
trifluorosul fi tr =Bt | )su i i . te
tris(4-met hyl%ﬁg’%%%& ?%cﬁllltq}?nl' fh%%dr%gﬁ ?xyulo‘%%b%%%&éw dd bIAPRE s, 2

tris(4-met hyl phapyl =subh @Bi tHe Bexal] HOY earS8Nat®oudf which can form a salt
tris(4-met hyl phenyl ) sul f oni um hexaf | uor ophosphate,

tris(4-met hyluphanite)siibh@ak Usn hexahd uenosidibanat @xamples of a counter anion
tris(4-met hoxyphenyl)sul foniumtetrafl uoroborate,
tris(4-nethyijpkenyd,) sut honil in teeXiaf, | hroricantidpemateic &cid, phosphoric acid,
tris(4-methyl phenyl)sul foni um hexafl uor ophosphat e, ‘ '
tri s(4- mgl hylastiénghds abidniswAfeatres.| garlosyliorstids and phenyldhéavitagm
tetrafl uoroborate, triphenyliodoni um hexafl uoroanti nonate, _
Examples of an onium salt as a photoacid generator include
triphenylisulfonium tetrafluorcborate, triphenylsulfonium
hexafiuvoroborate, triphenylsulfonium tetraflucroarsenate,
triphenylsulfonium tetrafluorophosphate, triphenylsulfonium
15 tetrafluorosulfate, 4-thiophenoxydiphenylsulfonium
tetrafluoroborate, 4—thiophendxydiphenylsulfonium
tetrafluorcantimonate, 4-thiophenoxydiphenylsulfonium
tetrafluoroarsenate, 4-thiophenoxydiphenylsulfonium
tetrafluorophosphate, 4-thiophenoxydiphenylsulfonium
20 tetrafluorosulfonate, 4-t-butylphenyldiphenylsulfonium
tetrafivoroborate, 4-t-butylphenyldiphenylsulfonium
tetrafluorosulfonium, 4-t-butylphenyldiphenylsulfonium
tetrafluoroantimonate, 4-t-butylphenyldiphenylsulfonium
trifluorophosphonate, 4-t-butylphenyldiphenylsulfonium
) trifluorosulfonate, tris{4-methylphenyl)sulfonium trifluoroborate,

tris{4-methylphenyl)sulfonium tetrafluorckorate,

tris(4-methylphenyl)sulfonium hexafluoroarsenate,



(QI—‘H}—‘NI\)D""I—‘I\)_QJ N@O-h-h-b-bww

tri phenyl i odoni um hexaf | uoroarsenate, triphenyliodoni um

hexaf | uor ophosphate, triphenyliodoniumtrifluorosulfonate, 10
3, 3-di ni trodi phenyl i odoni umtetrafl uoroborat e,

3, 3-di ni trodi phenyl i odoni um hexaf | uor oanti nonat e,

, 3-di ni trodi phenyl i odoni um hexaf | uor oar senat e,
, 3-di ni trodi phenyl i odoniumtrifl udrosul f onat e,
, 4-di ni trodi phenyl i odoni um tetrafl uoroborate, 15
, 4- di ni t r odt phedyhétdgaphemglh exbfdnion desdaif omapepsphate,
, 4-di ni trodi phenyl i odoni um hexaf | uor oarsenate and 4,
d|n|trod|phenyﬁrm@khmlahtnyhﬁBubﬁusumﬂvﬁ@@éUORM$péﬁN€ﬁﬁ be used al one
r in conbination. Exanples of a hal ogen conpound as a photoacid
enerator i ne¥lﬁié—m§ﬂquyﬂhﬁﬁmiﬁP%%ﬁqnﬂémlﬁﬁté URFPPeFa&zi ne,
-allyl-4,6- bls(trlchloronethyl triazi
D, a-t ri br oRbHEARYEHHERY PR £B m&maheé‘aﬁﬁo@a%mt& oxyl ene,
, 2- bIS(3 5- dlbr 3.3 f I uor oxyl ene,
, 1, 1-tri st](JSS 5 %‘?A‘Hﬂﬁﬂﬁnﬁx%9@%%]‘%?#)“@{@88&5%8'm xtures of
hese. 25 Ex s qu t . byt
A T e e At
, 4-dini t robg@@@' A I c%}ﬁl%&hﬂéﬁ‘fhﬁé’fﬁ%%m&{late,
-ni trobenzyl acetate, 9, 10-dine oxyant racene-2-sul fonate
, 2, 3-tri s(methaRasH Ry NekheNZ8R8rsenate, triphenyliodonium
, 2,3-tris(ethanesul fonyl oxy) benzene,
, 2, 3-tri s( prepmeasidiresphave)) benteneliddltahenall yorcaasupbiataaaci d
enerator is selected from 4,4 -di-t-butyl phenyliodoniumtriflate,

10 3, 3—dinitrodiphenyliodonium tetrafluorchorate,

3, 3-dinitrodiphenyliodonium hexafluorocantimonate,

3, 3-dinitrodiphenyliodonium hexafluorcarsenate,

3, 3-dinitrodiphenyliodonium trifluorosulfonate,

4, 4-dinitrodiphenylicdonium tetrafluoroborate,
15 4, 4-dinitrodiphenyliodonium hexafluorcantimonate,

4, 4-dinitrodiphenyliodeonium hexafluorcarsenate and

4, 4-dinitrodiphenyliodoniumtrifluorosulfonate, whichcanbeusedalone

or in combination.

Examples of a halogen compound as a photoacid generator include

20 2,4,6~tris (trichloromethyl)triazine,

2-allyl-4, 6-bis(trichloromethyl)triazine,

o, b, o-tribromomethylphenylsuifone, o,0-2, 3,5, 6-hexachloroxylene,

2, 2-bis (3, 5-dibromo-4-hydroxyphenyl}~-1,1,1, 3, 3, 3~hexafluoroxylene,

1,1,1-tris (3, 5-dibromo-4-hydroxyphenyl)ethane and mixtures of these.
s Examples of a sulfate as a photoacid generator include, but

not limited to, 2-nitrobenzyltosylate, 2,6-dinitrobenzyltosylate,

Z2,4-dinitrobenzyltosylate, 2-nitrobenzylmethylsulfonate,



4,4' 4" -tris(t-butyl phenyl)sulfoniumtriflate, diphenyliodonium
tetraki s(pentafl uorophenyl ) borate, triphenyl sul fonium

di phenyl i odoni um t et r aki s( pent af | uor ophenyl ) borate, 10

4, 4" -di -t-butyl phenyl i odoni umtetrakis(pentafl uorophenyl)borate,
tris(t-butyl phenyl)sul foniumtetraki s(pentafl uorophenyl)borate,

(4- met hyl phenyl - 4- (1- met hyl et hyl ) phenyl i odoni um

t et raki s(pent af | uorophenyl ) borate and m xtures of these. A blending
rate of a phol-odtrdogenydaatate} o, d0reésiathopypddirbcare-215ufimnabaf f er
coating used in this invention is 0.1 parts by weight to 100 parts
by wei ght both 3.3ctusd (wetharmselprofiekaliepzend, parts by weight to 10
parts by weight both inclusive to 100 parts by weight of a cyclic

ol efi n resin }+%8hkrig (ghbaussulfenylexdArgend, cr ossl i nki ng density of
a cured material _and adhesi veness to a substrate. 23 Aresin

conposi tion fbrlBuf¥Fetr PEeRANAYLIREd R RREE " Hr esent  may contain, if

necessary, a sensitizer_for _inprovi otosensitiyvit A-
sensitizef can be adé’éﬁfﬁ%ﬁ’o&ﬁ' &Pﬁﬂ?‘%‘ﬁg‘t g‘?r{erég - et 8%{1ecttﬁg Fsiye in
whi ch a photoacj,d _generator, can. be acti.va while a cross |inking
reaction of a&p4ol 9%&% %luéa‘yjt‘)%}enéf?}%cot Wa%ltgg %d. An optimal sensitizer

25 is a conmpoyngd Qay%{lg(ggﬂ%????g’%ﬂgﬁﬁ??ﬁ%@% éﬂ%%t@,e%&pﬁ%rley&%&omm

source used and Capa y transferring absor ener gy

to a photoacid GenerRhehs1bEopkRIpbesaQf, arseRalidzeonier a
phot oaci d generator include cyclic aromatics such as ant hracenes,

pyrenes and paigheapeiodoxaimlesralofs (@efeaflovnchiaavi nghafeant hr acene
noi ety include 2-isopropyl-9Hthi oxant hen-9-ene, 5
4-i soprop@l - 9H-4’ hidbxatihehshedydieionium hlatrekils propaiitdrbpkentihemeste,
tris (t-butylphenyl)sulfonium tetrakis(pentafluorophenyl)borate,
(4-methylphenyl—4-({l-methylethyl) phenyliodonium
tetrakis {pentafluorophenyl)borate and mixtures of these.
Ablending rate of a photoacid generator in a resin composition
15 for buffer coating used in this invention is 0.1 parts by weight to
100 parts by weight both inclusive, more preferably 0.1 parts by weight
to 10 parts by weight both inclusive to 100 parts by weight of a cyclic
olefin resin in the light of, for example, a crosslinking density of
a cured material and adhesiveness to a substrate.

2 A resin composition for buffer coating used in this present

may contain, if necessary, a sensitizer for improving photosensitivity.

A.sensitizer can be added to an extent that it can extend the

range inwhich a photoacidgenerator canbe activatedwhileacrosslinking
reaction of a polymer is not directly affected. An optimal sensitizer
.+ is a compound having a maximum absorbency index near a light source
used and capable of efficiently transferring absorbed energy To a

photoacid generatof.



phenot hi azi ne and m xtures of these. A blending rate of a photoacid
generator in a resin conposition for buffer coating used in this

tinvention is 0.1 parts by weight to 10 parts by wei ght both

tinclusive, nore preferably 0.2 parts by weight to 5 parts by wei ght
: both inclusive to 100 parts 10 by weight of a cyclic olefin resinin
- the light of its ability to extend thejmavel ength range in which a

phot oaci d generator can be activated and absence of direct effects

~on a crosslinking reaetpys of & pabyieler tMhanpotdaghtt gowraesi snalude

| ong-wavel ength ray such as g-ray (436 nm and i-ray (365 nm , a
sensitizer isyafiffeptaneeidoruactsvathmyreaepheyoatisdand bagdree at dranpl.es
smal | anmobunt of an acid scavenger may be, if necessary, added to a
resi n conpostf iprohprunduhéeineg eatdnigrasae plethi sn¢ tion, to

i nprove resolution. An acid scavenger absorbs an acid diffusing into
an unexposed2atprapyi - Bhenbed®i 628: reacti on. Exanpl es of an
acid 20 scavenger include, but not limted_to, secgndar and tepﬁ{ary
am nes  SuchizsSBYPPY 198 thifprar e gnetot Ar dXiRe HTROPRE FPAMRE?
and triethylamne, A blending rate of _an aci cavenger is 0.01 .
Parts by vePOMCIE 68 B FOTby R Gveho h 'y REPQeT 0 ors o0 Rrpacic
oy wel ght  OLoR XSl LS, LEl, ORI 4 i@eld Gl ;0L 802K P OoRh e Al
acid dlffu5|ﬁg S P hto%an  unexposed area ang I nprovénent o

resol ution. ABUffer coakhog: {58 &ﬁ%%p%éiéﬂ%&l%ﬁgﬂélvﬁh hnSrd PMEREEON,

may further contain, i'f necessary, additives such as a fevellng
agent, an 13g, apakexivdantigrt tbaBar€d aydanght doghasidiekies @nth®@parts

silane coupling agent. A resin conposition for buffer coating used
in this knvepyiwelght 6f prepatedlasia resimis thdy i dhis sblivisrapil hieg o extend
conponents in a solvent.
the wavelength range in which a photoacid generator can be activated
and absence of direct effects on a crosslinking reaction of a polymer.
When a light source is a long-wavelength ray such as g-ray (436 nm)
and i-ray (365 nm), a sensitizer is effective for activating a photoacid
15 generator.

A small amount of an acid scavenger may be, if necessary, added
to a resin composition for buffer coating used in this invention, to
improve resolution. An acid scavenger absorbs an acid diffusing into
an unexposed area during a photochemical reaction. Examples of anacid

20 scavenger include, but not limited to, secondary and tertiary amines
such as pyridine, lutidine, phenothiazine, tri-n-propylamine and
triethylamine. A blending rate of an acid scavenger is 0.01 parts by
weight to 0.5 parts by weight both inclusive to 100 parts by weight
of a c'yclic olefin resin in the light of absorption of an acid diffusing

B into an unexposed area and improvement of resolution.

A buffer coating resin composition used in this invention may

further contain, if necessary, additives such as a leveling agent, an



5 The solvent may be a nonreactive or reactive solvent. A nonreactive
solvent acts as a carrier for a polynmer or an additive and renoved in
the process of application or curing. A reactive solvent has a
reactive group conpatible with a curing agent added to a resin
conposition. A nonreactive solvent maybe a hydrocarbon or aromatic
conpound. 10 Exanpl es of a hydrocarbonigol vent include, but not
limted to, alkanes and cycloal kanes such as pentane, hexane,

hept ane, cyclaabexdrenand flecahpdaotaphthalleseiciEranpldes sflaan coupling
aromati c solvent include benzene, toluene, xylene and nesitylene.

O her useful agehvents include diethyl ether, tetrahydrofuran,

ani sol, acetates, esters, |actones, ketones 15 and am des. Exanpl es
of a reactive sol venk reatt aoderasjtliorthe bafSer foaisingcisedoekiaifel miangeon
and a-pi nene oxide; aronmatic cycloethers such as

[ met hyl ene- bil§(REAPAEHE fy| @ NERaY lﬁxfldéﬁwlpﬁmgo@é}eﬁar@f@%ﬁff&él +fbﬁa%?1€ent
vinyl ethers such _as 1, 4-cycl ohexanedj net hanol _di vin

th
aromati ¢ TonpoSintfeVElt Pi“aéfsbeb BsPYF2GHNA BhergFy l%?ﬂg‘f‘?@% Vﬁ Pﬁmé%ﬁ? LE'J};r‘e
used alone or.in .o ar e _nesi

d t
decahydr onapﬁ?ﬁ‘é?%%ggpsrﬁgsae Cﬁfﬁlegp%?ﬂﬁep?lé’imeﬁ ppl §1 %&85&9%5.9“‘1 remgved in
substrate ma‘%%e%rbcégg Oféﬁéﬁﬂ_ gtuﬁ‘&%{‘ g\@ I lA E%t(;f.%é gglvé'lo Lﬂa(t;sc%]¥eacnlve

nitride and SrFicon oxy in conposition

coating used 4Byt mcﬁpbﬂi’rﬁ_@ lw9fh apF:Qiﬁ{galabé!m,C QRLSh AR resin composition.
epoxy- contalnlng cyclic olefin resin, 'a photoacid generator, a

sensitizer and an aCAﬂoﬁ:.“e&%@ﬂ%éolvﬂaﬁtm@PE@bhyﬁﬁddaybow\ﬁﬁ@rdrdaelambpﬁund.

of the epoxy-containing cyclic olefin resinis 100 parts by weight,

a cont ento of Exhepphoddadiydirgensioat aylviest Antlydy, tisathyotwdinghted to, alkanes
and cycloalkanes such as pentane, hexane, heptane, cyclohexane and
decahydronaphthalene. Examplesofanarcmaticsolvent includebenzene,
toluene, xylene andmesitylene. Other useful solvents include diethyl
ether, tetrahydrofuran, anisol, acetates, esters, lactones, ketones

1% and amides.

Examples of a reactive solvent include cycloethers such as
cyclohexene oxide and a-pinene oxide; aromatic cycloethers such as
[methylene-bis (4, 1-phenylenoxymethylene) }bisoxirane;cycloaliphatic
vinyl ethers such as 1, 4-cyclohexanedimethanol divinyl ether; and

D aromatic compounds such as bis (4-vinylphenyl)methane, which can be used
alone or in combinaticn. Preferred are mesitylene and
decahydronaphthalene. These are optimal for applying a resin on a
substrate made of, for example, silicon, silicon oxide, siliconnitride
and silicon oxynitride.

5 A resin composition for buffer coating used in this invention

preferably contain an epoxy-containing cyclic olefin resin, a photoacid

generator, a sensitizer and an acid scavenger.



to 100 parts by weight both inclusive, preferably 0.1 parts by weight
5 to 10 parts by weight both inclusive, a content of the sensitizer
is 0.1 parts by weight to 10 parts by weight both inclusive,
preferably 0.2 parts by weight to 5 parts by weight both inclusive,
and a content of the acid scavenger is 0.01 parts by weight to 10
0.5 parts by weight both inclusive. Thesg ranges may be conbined as
appropriate. A resin conposition for buffer coating having a

conposi tion as descgided: @haye «5aA HHeQiclift &FCtHLEodHt- eem@mmafylcp@lm
an elastic nmobdulus of 0.5 GPa to 2.0 GPa both inclusive at 25 C. 15

A resin soli d16oi4 estinfisaloeyartewypasigion for buffer coating used
inthis inventionis 5w %to 60 w% both inclusive, nore

preferably, 30 wt %4 @ohbenit & bdtchphaiwlaasd wenetairdrhés prepartabby w8bght
wo%to 45 wt% A solution viscosity is 10 cP to 25,000 cP both

i nclusi ve, prefElabists BOGFetEhtt bo'd; d00LwRvbettrefardnlyi Vel parEspby esight
conposition for buffer coating used in this invention

canbepr egar edby10 ngrtadty FERTe@otl, InsiHptYfhl endi nganepoxy- contalnlng
cyclic olefin resin and photoacjd generator and, when necessar

sol vent, a sensiti ze? CO’&W"&C‘?’%%‘%& Bigersr 49 %\}eﬁl"'i”?i@ %@‘?ﬁghtaﬁ’ fo plres

ant|OX|dant afla ard a plastici.ze e

agent 25 anawé%e éﬁ %ﬁF%FFi&ﬁe ﬁr%Fé%p % hﬁ%ﬁrWS%g ureé’arts

resin conpos 3‘@?'1“1 Ugyggﬁbﬁﬁggtl used in this invention to 0.5
Gb oth 1 it

GPa to 2.0 : Inclusirve'at 25 C, it i's desirable to use a
pol ynorbornene.  Resj n.0eaRogst oD 98 H8chodiiRgo. 01 parts by weight to

10 0.5 parts by welght both inclusive. These ranges may be combined as
appropriate.

A resin composition for buffer coating having a composition
as described above can provide a curedmaterial having an elasticmodulus
of 0.5 GPa to 2.0 GPa both inclusive at 25 °C.

15 A resin solid content of a resin composition for buffer coating
used in this invention is 5 wt% to 60 wt% both inclusive, more preferably,
30 wt% to 55 wt% both inclusive, further preferably 35 wt% to 45 wtj.
A solution viscosity is 10 cP to 25,000 cP both inclusive, preferably
100 <P to 3,000 cP both inclusive.

4} A resin composition for buffer coating used in this invention
canbepreparedby, but not limitedto, simplyblending anepoxy-containing
cyclic olefin resin and photoacid generator, and, when necessary, a
solvent, a sensitizer, an acid scavenger, a leveling agent, an
antioxidant, a flame retardant, a plasticizer, a silane coupling agent

% and so on.

For controlling an elasticmodulus of a cured resin composition

for buffer coating used in this invention to 0.5 GPa to 2.0 GPa both



A resin conposition for die bonding used in this invention gives a
cured material having an elastic nodulus of 1 MPa to 120 MPa 5 both
inclusive at 260 C. The resin conposition for die bonding nay be
provided in the formof, but not limted to, a resin paste and a
resin film <Resin paste> A resin paste which can be used as a resin
conposition for 10 die bonding in thig invention is characterized in
that it contains a thernosetting resin and a filler as main
conponent s andcpidiee a: QF etl imaierdealrdide ng @ el gsltynorimaiehes of 1
MPa to 120 MPa both inclusive at 260 C. An elastic nodulus of a
cured mat eri &stmrcdyposdtiennferediebynsdsdri ng an el asti ¢ nodul us

using a dynam cvi scoel asticityneasuring 15 apparatus under the, i
conditions of a tenperEsinecqmpagetion] for dieob@gngrsed Latldiss IRTHIEAGn
tenmperature: 5 Cmn and a fr'e%uenc_y: 10 Hz and cal cul at.i nlg a
storage el asGiEeHFHdGRERS BRtepGlAavVANE flpalstemedhtsi s lalFa to 120 MPa
t hernosetting resin, curi nge%%?pt, curing accel erator_ ang, s% og, |t
i s desirably] SR R N &+ PP FePIACHPRE I EAN A% eHt Poncing may
tenperature hecause it is terial for_npr ing..a S
of a ther nosg’fet?lﬂogmfisgilr{l (E§% R ?ﬁ’e bélgol\}% figgﬁ\eryéggt eéa%?’%fg? ggé@mn% a
conmpounds hayi,pg, a;qadi cal - pol yneri zabl e functional group such as

| iquid cyanate resins, liquid epoxy resins, various acrylic resins,

25 mal ei m de &zesiN$Hasteyl -containing triaryl-isocyanurates, which can
be used alone or in conbination of two or nore. Exanples of a liquid
epoxy resin includeabissphepdteAvhidhe cePOEY uEeSidtSa BissphemmosErigpe&Eor
epoxy 16 resins, bisphenol-E type epoxy resins, alicyclic epoxy
resins, dbiphdtilonding in this invention is characterized in that it contains a

thermosetting resin and a filler as main components and gives a cured
material having an elastic medulus of 1 MPa to 120 MPa both inclusive
at 260 °C. An elastic modulus of a cured material can be determined
bymeasuring anelasticmodulus using adynamicviscoelasticitymeasuring

15 apparatus under the conditions of a temperature range: -100 °C to 330
°C, a rate of rising temperature: 5 °C/min and a frequency: 10 Hz and
calculating a storage elastic modulus at 260 °C.

A resin paste contains a thermosetting resin, curing agent,
curing accelerator and so on. It is desirably, but not limited to.

D a liguid at an ambient temperature because it is amaterial for preparing
a paste.

Examples of a thermosetting resin used in the above resin paste
include compounds having a radical-polymerizable functional group such
as liguid cyanate resins, liguid epoxy resins, various acrylic resins,

% maleimide resins, aryl-containing triaryl-isocyanurates, which can be
used alone or in combination of two or more. Examples of a liguid epoxy

resin include bisphenol-A type epoxy resins, bisphenol-F type epoxy



epoxy resins and glycidylamne type |liquid epoxy resins. In this
invention, a thernosetting resin which is a solid at an anbient
tenperature may be al so added as a thernosetting resin used 5 in a
resin paste to an extent that it does not adversely affect

properties. Exanples of a thernosetting resin which is a solid at an
anbient tenperature and can be conbingp, i nclude, but not limted

to, epoxy resins such as biphenol-A, bisphenol-F, phenol novol ac,

pol ygl yci dyl regtrfiens spraparedybyepodyaaei honofcyal tresal raeimd, ad iphitic
epi chl orohydrin, 10 bi phenyl type epoxy resins, stilbene type epoxy
resins, hydrepatyneneing ypé Epexyyrasnastydsr iLpeniobpetihaneinsipe epoxy
resins, phenol aral kyl type (having a phenyl ene or di phenyl ene

nmoi ety) epoxy resinsh dpiexynvergdions shbvemmgsat Haghtdsdherid choleaysaad at
di cycl opent adi ene type epoxy resins. Monoepoxy resins may be al so
used, incl udBngmRigni ferperatdys map cetHEP, adFersH & @hamczfe@?:/wq g§$in used
ester, styrene oxide, ethyl hexyl gl cidyl ether, phenylglycidyl |

et her, criesyi?§Irgeidnastetiosn g Bﬁ%@+?ﬁﬁﬁﬁﬂ%ﬂ?¢8?%ﬁﬁly gFtp tes
o el e ignned o Lhde DL SBl LIl 06, FER 1 . SUEN 28 N Mopadit

bi s(3-et hyl - 5-net hvl - 4- mal ei m_de n n . C
2,2-bis[4-(4- (ra'r%gfeeriaﬁluﬁeepngn%iny Sh‘gﬁi’%‘%‘%‘ggéﬁg‘?‘?%xéﬁw“% %)meléc eguffol’nspoxy
catal yst mhe.taey:ﬁ{gﬁguaq SYANRhEnT Y N B hefof-HeT IRIEL tHRG1EES bBL I yRidy1

resin paste inc onpl exes such as copper-acetyl acetonate

ude netal
and zinc-ac ebyﬂa&%e%ﬁgﬁ&@d PR RS0 bf & creldbl RY VARV MG USbRthyaRin,
epoxy resin as a thernosetting resin include 25 phenol resins,

al i phati @ anbbgisanyar ot éso:aNtaeiss, ditcysatk agypdeppxy diesandoxytitauanomtk
di hydra z ides and carboxylic anhydrides. An initiator when using a
conpound havicpge @ppadirealngpot yiggreneg i téhahea noype oy gresaps 4 Phenolaralkyl
type (having a phenylene or diphenylene moiety) epoxy resins, epoxy
resins having a naphthalene moiety and dicyclopentadiene type epoxy
resins. Monoepoxy resins may be also used, including n~butylglycidyl
15 ether, versatic acid glycidyl ester, styrene oxide, ethylhexyl glycidyl
ether, phenylglycidyl ether, cresyl glycidyl ether and
butylphenylglycidyl ether. Examples of a maleimide resin include
bismaleimide resins such as N,N'- (4, 4'-diphenylmethane)bismaleimide,
bis (3-ethyl-5-methyl-4-maleimidephenyl)methane,
o 2,2-bis[4- (4—maleimidephenoxy) phenyl]propane.
Bxawmples of a curing catalyst when using a cyanate resin as
a thermosetting resin in a resin paste include metal complexes such
as copper—acetylacetonate and zinc-acetylacetonate. Examples of a
curing agent when using an epoxy resin as a thermosetting resin include
5 phenol resins, aliphatic amines, aromatic amines, dicyandiamides,

dicarboxylicaciddihydrazides andcarboxylicanhydrides. Aninitiator

when using a compound having a radical-polymerizable functional group



as a thernosetting resin nmay be any catal yst conmmonly used in radical
pol ymeri zation; for exanple, a thermal radical polynerization
initiator such as organic peroxides. Wien using an epoxy resin as a
thernosetting resin in aresin 5 paste, exanples of an agent as both
curing accelerator and curing agent nmay be sel ected from conmon

i m dazol es including various inidazolez i ncl udi ng common i m dazol es
such as 2-nethylim dazole, 2-ethylimd }ole,

2- phenyl - 4- methy lHbrhysitexigetbyh gl daz ohe capsll ys2- €knbH23 visat dazeddi cal
10 2, 4-di am no-6-{2-nethylimdazole-(1)}-ethyl-S-triazine prepared by
addi ti onof t rgcazingelatian; feoeyapie] &thaind] addcs heslynesbzatanatipitiator
adducts, which can be used alone or in conbination of two or nore. A
filler which ssmh be argedic pegoxidsisn paste nmay be an inorganic or
organic filler. Exanples of an inorganic filler include netal powders
15 such as gol d powd&kren $pinepn sPREECSSEDBHeY CHOMRPSETRHW A8M Hum resin
powder; fused silica, crystal silica, alumna, alumnumnitride and
talc. ExAnplRestef sgamiagal en pPpTens PAER GHBLRY RpFefaa FyspRf§ curing agent

fluororesins such a ol ytetrafl uoroethyl ene, ,acryl.ic resins ,such as
pol yet hy1 e r?is[c) “donroudrh WHéZOﬁP&a&%@%ﬁg 3;&?28@%&%@?%?%85
or nmelam n . . formal de .__Anon es al . S are use
for endowi ng ™ Wlﬁgjsqge RFH "0 E0N lft(I:‘t Fvi Tréghﬁjl%@%?ﬁgeﬁal

conduct i vi ty.zb_t egﬁi%,&%%w QLgﬁ?r@rngqngtﬁﬁié_\ﬁ%E&\éﬂ%ﬂgg ; W3 So T ANKA

types canbe o e Interns of "a particle srze ape and 1t
is readily avaid @bl emiddvAcfiller used in a resin paste, the amount
of ionic inpurities 25 such as hal ogen ions and al kali netal ions is

preferably 10,apai&iinessi2-rktbysitapezdRy (De} fdehkess—-tsaat s prepared by
dendrites and spheres. A particle size used depends on a viscosity
of a resin pasidetheedtd:;iaaihe ar g efoewamdricacid; andtheirisocyanateadducts,
which can be used alone or in combination of two or more.
A filler which can be used in a resin paste may be an inorganic
ororganicfiller. Examplesofaninorganicfillerincludemetal powders
15 such as gold powder, silver powder, copper powder and aluminum powder;
fused silica, crystal silica, alumina, aluminum nitride and talc.
Examples of an organic filler include silicone resins, fluororesins
such as polytetraflucrcethylene, acrylic resins such as polymethyl
methacrylate and crosslinking products of benzoguanamine or melamin
20 with formaldehyde. Rmong these, metal powders are used for endowing
a paste with electroconductivity and/or thermal conductivity.
Particularlypreferredis silverpowderbecausemany types canbeobtained
in terms of a particle size and a shape and it is readily available.
Inafiller used in a resinpaste, the amount of ionic impurities
2% such as halogen lons and alkali metal ions is preferably 10 ppm or less.

Its shape may be flakes, scales, dendrites and spheres. A particle

size used depends on a viscosity of a resin paste needed, but a preferred



18 filler generally has an average particle size of 0.3 pmto 20 pm
both inclusive and a maxi num particle size of about 50 pmor |ess.
When an average particle size is wthin the above range, increase in
a viscosity or bleeding due to resin overflow during application or
curing can be 5 prevented. A filler with the maxi num particle size

wi thin the above range can prevent a @eedle hol e from bei ng cl ogged
during paste application. As a resulﬂ, the needl e can be

continuousl yeused. g heI PRLE VA Yvegetbltdived 16085756, I Ll @) 2808 Both
relatively fine fl?ler can be used i'n conbi nation, and vari ous

fillers in tepramis9fe arldy Pena18ud GaatsbBPSicanbanixed @s or less. When
appropriate. For endowing a resin paste with requisite properties, an

appropri at e &hbltetageaarbicladded Lsivhchindibegbave arrase dherddde iar HaePsig-y
a particle size of about 1 nmto 100 nm both inclusive, a conposite
of silica andrédeading flee donpoindveniler dorplerrplicheionPr FATRYLAN DS
15 and an inorganic materials such as an organic filler whose surface
is coatdd werevenrtast a Thller vih tRedarid pestirlpatis Yyigethe above
prelimnarily surface-treated mﬁth8§éor exa e _coupli,ng

| e, sila
agent such a%3ngg KERYITVERELS PEPTLA SRy&i Hoeels g Fi%%gsgwg aste
or ganoamni nosi | anes. .23 A.resin ste for dj.e bondi ng whi n
9 ]ﬁ]‘r}ﬁf%%. ﬁﬁya Crgﬁ?%,n,%he neecfle can %e goné-_&alg Is\(;L upeed

used in this® Wher neceéssary, s such
as silane coyplin Nt s i1, [ :ggﬁp . Fili
addi tive, pié%%%rgf%%ggé,a53#%%%?%%%038%%%%Pﬂ3ur a%?gﬁégM%%%fggﬁvénter
as long as pLepekt ey Needad 05 odN an@RRki 6@ FOM A€Mk rms of a type and

deteriorated. 25 A resin paste for die bonding used in this invention
preferablyy gogtaieNSa@beCROXSH LEShhroBrCaltd.Ng agent and an inorganic

riter. For endowing a resin paste with requisite properties, an
appropriate filler can be added, including a nanoscale filler having
a particle size of about 1 nm to 100 nm both inclusive, a composite
of silica and an acrylic compound and a complex filler of an organic
15 and an inorganic materials such as an organic filler whose surface is
coated with a metal.

A filler used in a resin paste may be preliminarily
surface-treated with, for example, a silane coupling agent such as
alkoxysilanes, allyloxysilanes, silazanes and organocaminosilanes.

i Aresinpaste for die bonding which canbe used in this invention
may contain, when necessary, additives such as silane coupling agents,
titanate coupling agents, low stressadditive, pigments, dyes, defoaming
agents, surfactants and solvent as long as properties needed for an
application are not deteriorated.

.3} A resin paste for die bonding used in this invention preferably

contains an epoxy resin, a curing agent and an inorganic filler.

Specifically an epoxy resin is contained in the amount of 1



‘Specifically an epoxy resin is contained in the amount of 1 19
‘equi val ent to 10 equival ent both inclusive, preferably 1 equival ent
‘'to 6 equivalent both inclusive to one equivalent of a curing agent.
The amount of an inorganic filler is 70 % to 90 wt % bot h i ncl usi ve,
preferably 70 wt%to 85 wt % both inclusive in the resin paste. These
5 ranges may be conbi ned as appropriate. A resin paste for die
bondi ng having the above conposition cdd be used to give a cured

mat eri al havidlg;am&last i@ aRAenefnctn MRauLOvd 28-MRa- ROV equivalent
inclusive at 260 C. A resin paste for die bonding which can be ‘used

in this invenld @nequli@atBdy: BRtRrERANEHDYo MY cf@lvdibAt tdat Quring agent.
prem xi ng i ndividual conponents and kneading the prem x using
appropri at e nBanNsSnEHehoRantiHegand FRIer andoawteto B8adt:3Tbbth tiachusiere,
a resin paste which is then defoaned in vacuo. For giving a cured

mat eri al of gueEsrablyadl @thkdro @b erthormtihngncliSivhiiohhearedie pisee. i MThese
this invention which has an elastic nodulus of 1 MPa to 120 MPa both
i ncl usi ve5Sat 26@e€ mayt be scamipine@draspeppreacahbile. t hat a t hernosetting
resinis a liquid epoxy resin such as hydrogenated bisphenol-A type
epoxy resins, 1,4-cydlfdRapediomdthaiel PeRGINgchaRing Bighapove composition

1, 4- but anedi ol dj gl ycidyl ether and 1, 6-hexanedi ol digl yci dyl 3
ether; a sol i‘?fneB%%‘yseFieg‘? FI¥Gch AEediGrerbpeMEStie e %%%%1865‘38‘7&“3 of 1

resins; conpounds such_a | ybut adi enes ql.yi sopr enes,
pol yal kyl ene Migxifael? HPs gﬁ‘ﬁf}?‘i Doty 88 13 gsgnﬁ‘ pol ynor bor nenes whi ch

o0 I o B DA Al ARG 0 el il BERrencson
ether andgso may be prepared by, but not limited to, premixing individual components
and kneading the premix using appropriate means such as three rollers
and a wet bead mill to give a resin paste which is then defoamed in
VACUO.
For giving a cured material of a resin paste for die bonding
15 which can be used in this invention which has an elastic modulus of
1 MPa to 120 MPa both inclusive at 260 °C, it is further preferable
that a thermosetting resin is a liquid epoxy resin such as hydrogenated
bisphenol-A type epoxy resins, 1,4-cyclohexanedimethanol diglycidyl
ether, 1,4-butanediol diglycidyl ether and 1, 6-hexanediol diglycidyl
20 ether;
a solid epoxy resin such as dicyclopentadiene type epoxy resins;
compounds such as polybutadienes, polyisoprenes, polyalkylene
oxides, aliphatic polyesters and polynorbornenes which having an
intramolecular radical-polymerizable functional group (acr&rloyl,
y.s) methacryloyl, acrylamide, maleimide, vinyl ester, vinyl ether and so
onj.

Thus, many non-aromatic moieties such as an aliphatic chain



on). Thus, many non-aronmatic noieties such as an aliphatic chain 20
(hydrocarbon chain) and an alicyclic noiety can be introduced into a
resin structure to give a cured material having an el astic nodul us
within the above range. Furthernore, it is also effective to use a

| ow stress additive such as a carboxyl -term nal

but adi ene-acrylonitrile copolynmer 5 ang}, a phthalic acid ester.

<Resin filnr Aresin filmwhich can be Used as a resin conposition
for die bondhpdrdearibdn shainjeatd an dlsioyhat@obietizednibe tiatdited into a
contains a thernoplastic resin and a thernosetting resin as main
conponent s andsiOstixusters eugratesy Catedhus eabe lehawsing anedabuss midulugPaE g
120 MPa both inclusive at 260 C. An elastic nodulus of a cured

mat eri al canthe abeteraidted FuEhaweens, bddiabove ef Brctdve &9iupepnspestress
Exanpl es of a thernoplastic resin used in the resin filmfor die
bondi ng i ncl aERLFIRIA! @8 acesbary Iste e FotteftATGa 2 FBSioRs Cal¢ Copglymer
pol yether_im de resins;, polyam de resins such as polyam de resin,
polyanidéiniaﬁgﬁk E?aﬁﬁﬂﬁﬁﬁﬁﬁﬁEeFESins. Anong these, polyim de
resins are ng@er%b%ﬁi Thus, both initial adhesiveness and heat

resi stance can Be achi eved. As used herein, the term"initial

adhesi veness” refers, ré&rﬁgﬂgﬁhﬁéﬂpé% bR fde AhLtiRl L SIAGEsBA B die

sem conductor chip is attac 0O to a supporting nmenmber via a resin

filmfor di ephondigngn diat ihventisdhesiNengssrbelong @it 19 ddieai@sian
filmfor die bonding. The polyimde resin can be prepared by a

pol ycondensath@opireaeid @8s0f and at chéanaeboXxy kesidi anmadniabmpoaents and
di am nopol ysi | oxane represented by general fornula (2) and an
aromati c1or akéspheddateirdad s an elasticmodulus of 1MPa to 120 MPaboth inclusive
at 260 °C. An elastic modulus of a cured material can be determined
as described ahove for a resin paste.
Examples of a thermoplastic resin used in the resin film for
die bonding include polyimide resins such as polyimide resins and
B polyether imide resins; polyamide resins such as polyamide resin,
polyamideimide resin; andacrylicresins. Amongthese, polyimideresins
are preferable. Thus, both initial adhesiveness and heat resistance
can be achieved., Asusedherein, the term"initial adhesiveness" refers
toadhesiveness inthe initial stagewhen a semiconductor chip is attached
D to a supporting member via a resin film for die bonding, that is,
adhesiveness before curing the resin film for die bonding.
The polyimide resin can be prepared by a polycondensation

reaction of, a tetracarboxylic dianhydride, a diaminopolysiloxzane

represented by general formula (2) and an aromatic or aliphatic diamine.



21 R3 [0.J1 ] RS NH2-R1-Sii R2-NH 2 (2 ) k 4 ~6 In general
‘formula (2), Rl and R2 independently represent an aliphatic
“hydrocarbon group having 1 to 4 carbon atons or aronmatic
“hydrocarbon; and R3, R4, R5 and R6 independently represent an

al i phatic 5 hydrocarbon group havings{l to 4 carbon atons or aromatic

hydr ocarbon. Exanples of a tetracarboxylic dianhydride used as a

starting material for the above polyimde resin include

3,3 ,4,4" -bi phenyl tetracarboxylic dianhydri de,

3,3', 4, 4' -benzophenone Retracar Mgyl i ¢ di anhydride, pyromellitic 10
i aphydri de and et hyl enegl ycol bis

di anhydride, 4, 4'-oxydi phthalic
trimellitic mn@hwmd&l Ry 4—4lHpxydi prtté}ﬁl iC
di anhydride is preferable i|jn ter adhesi veness. ese
tetracarboxylic dianhyd§j des maygbe used al one or in conbination of
two or nore. 15 Exanples’of a di am nopol ysil oxane represented by
formula (2) as a starting material for the above polyimde resin
i nclude w,w -bis(2-am noet hyl ) pol ydi net hyl si | oxane,
mnco'-bis(4-aninophenyl)polydinethé{siloxane and,
a, W bi s( 3- ani nopr opy P& aF hEPRIHS (Bhafe. 2 Bat4 FEdRRE s breF erresq b an
are those having,a_k value in formul %Z) of 1to 23? preferably 1 to
10 in terms Ot RS (RRESEDRR FREPIBIERSH brq dpPoiHoRy= RSP ek e
these can be sed . Lf ne r¥a 1 b ' f I Le.. 12 .
@ H 4, Rab& NALAN, r f-aliphatic
Exanpl es of a %ﬁamaneonusaeglsfgﬁ a 'sllt{ a?ﬂ?l ng ‘e 15eerl gﬁ Jf%%%l%gea gve P
5 hydrocarbon group having 1 te 4 carbon atoms or arcmatic hydrocarbon.
Examples of a tetracarboxylic dianhydride used as a starting
material for the above polyimide resin include
3,3',4,4"-biphenyltetracarbokylic dianhydride,
3,3",4,4"-benzophenone tetracarboxylic dianhydride, pyromellitic
1 dianhydride, 4,4'-oxydiphthalic dianhydride and ethyleneglycol bis
trimellitic dianhydride. BAmong others, 4,4’ -oxydiphthalic
dianhydride is preferable in terms of adhesiveness. Thease
tetracarboxylic dianhydrides may be used alone or in combination of
two or more.
15 Examples of a diaminopolysiloxane represented by formula (2)
as a starting material for the above polyimide resin include
W, ®'-bis (2—-aminoethyl)polydimethylsiloxane,
o, ®'-bis (4~aminophenyl)polydimethylsiloxane and
o, ®-bis (3~aminopropyl)polydimethylsiloxane. Particularlypreferred
20 are those having a k value in formula (2) of 1 to 25, preferably 1 to
10 in terms of adhesiveness. Furthermore, for improving adhesiveness,

these can be used, if necessary, in combination of two or more.

Examples of a diamine used as a starting material for the above



| 22 polyimde resin include 3,3 -dinethyl -4, 4" -di am nobi phenyl ,
, 6-di net hyl - m phenyl enedi am ne, 2, 5-di net hyl - p- phenyl enedi am ne,
, 4-di am nonesi tyl ene, 4,4'-nethyl enedi -o-tol ui di ne,
, 4' - met hyl enedi am ne-2, 6-xylidine, 5
4' - met hyl ene- 2, 6-di et hyl ani li ne, 2, 4-tol uenedi am ne,
phenyl enedi am ne, p-phenyl enedi am né2 4, 4'
i am nodi phenyl propane, 3, 3'-di am nodi phenyl pr opane,
4' - di am noghiRhRNNE eBaneinc13as’ 3, amnRedy phenyl etdanssiphenyl,
, 4' - di am nodi phenyl net hane, 3, 3" -di am nodi phenyl net hane,
: j’-cﬁ am noglj Haenythyg tinfiidey1dfedd aningli anbAdshepheiny-psedfielediamine,
4

AN

a3

' -di am nodi phenyl sul fone, 3,3'-diam nodi phenyl sulfone,

' - di am nodli plheayincetherylend, 3 4drasihyddnghienytolktidéns, benzi di ne,
' -di am nobi phenyl, 3, 3'-dinethyl -4, 4" -di am nobi phenyl ,

' - di met hokydenethiilsoedidniigep2 dmxnbiyickohexyl ) met hane,

(p-(3-am no-t-butyl phenyl) ether, 15

(p- ( 35net ﬁ,yq '_mgewmgge%ﬁgrﬂ}gwﬁé}ine, 2, 4~toluenediamine,

- bi s(2- et hyl - 4- am nopent yl ) benzene, 1, 5-di am nonapht hal ene,

, 6- di ami nonBFTeRAEIRELaDiNe, R-SPeR IeRE AN uf y1 ) o PidRe iPheny lpropane,
, 4-di am not 9l yene, .m xyl ene-2, 5-di am ng, p-xyl ene-2, 5-di am ne,
oty enedi o RBcn R RNARE e ok SO e e

2, 5-di am nopyrd.di,ne, . 5-di appo- 1, 3,4:0xadi .

1,4-dianinoc§b oﬁ%%%ﬁé?§%%%§gggﬁﬁé?_ﬁﬁ%héﬁ%ﬁe %%ﬁ?%@?ﬂefhaﬂe’

et hyl enedi am na. 4t sti-RaRbAM SRediA, N8, « PaRLAIRLMERe dkaId:RE,
hexanet hyl enedi am ne, 2, 5-di net hyl hexanet hyl enedi am ne,

3- et hoxyhexaet-hyhrinediamdma, shemidames hylenedinafi fieny25sul fone,

2, 5-di net hyl hept anet hyl enedi am ne, 3- net hyl hept anet hyl enedi am ne,
3,3'-diamincdiphenyl sulfone, 4,4°‘'-diaminodiphenyl ether,

4
4
4
4,
4,
3,3
3,3
bi s
bi s
p-b
2,6
2

3, 3'-diaminodiphenyl ether, benzidine, 3,3'-diamincbiphenyl,
3, 3'-dimethyl-4, 4 '—diamincbiphenyl, 3,3'-dimethoxybenzidine,
bis (p-aminocyclohexyl}methane, bis{p-f-amino-t-butylphenyl} ether,
5 bis (p~f-methyl-8-aminopentyl)benzene,
p-bis {2-methyli-4-aminopentyl)benzene, 1,5-diaminonaphthalene,
2, 6-diaminonaphthalene, 2,4-bis{p-amino-t-butyl)toluene,
2,4-diaminotoluene, m-xylene-2,5-diamine, p-zylene-2,5-diamine,
m-xylylenediamine, p-xylylenediamine, 2,é6-diaminopyridine,
p)| 2,5-diaminopyridine, 2,5-diamino~1, 3, d-oxadiazole,
1, 4-diaminocyclohexane, piperazine, methylenediamine,
ethylenediamine, tetramethylenediamine, pentamethylenediamine,
hexamethylenediamine, 2,5-dimethylhexamethylenediamine,
3-methoxyhexamethylenediamine, heptamethylenediamine,
5 2, 5-dimethylheptamethylenediamine, 3-methylheptamethylenediamine,
4, 4-dimethylheptamethylenediamine, octamethylenediamine,

nonamethylenediamine, S5-methylncnamethylenediamine,



4, 4- di met hyl hept anet hyl enedi am ne, oct anet hyl enedi am ne,

nonanet hyl enedi am ne, 5-net hyl nonanet hyl enedi am ne, 23

decanet hyl enedi am ne, 1, 3-bi s(3-am nophenoxy) benzene,

2, 2-bi s[ 4- (4- am nophenoxy) phenyl ] propane, 1, 3-bis (4-am nophenoxy)
benzene, bis-4-(4-am nophenoxy) phenyl sulf one and bis-4-

(3-am nophenoxy) phenyl sulfone. Anoily others, preferred are 5

2, 2-bi s[ 4- (4- am nophenoxy) phenyl ] propane and

1, 3- bi s( 3- am deaphetiodyghbéirene, 1) 3tbinB-ehimghesosyebessencefhese

di am nes may be used alone or in conbination of two or nore. In

t hepol yconderisat-pontedétavmopbprayi deertiépodpsanat deresin,  a

equi valent ratio of acid conponent / am ne conponent is an inportant
10 factor in dérbisd4riangnerheppadicarentei st ¢ofd-anpenicnpye rhegyhsulione

obt ai ned. Further rmre it has been well -known that there are

correl ation hWEdkiéni— B ﬁwwheapxmh@ﬁyl aﬁfﬁ%ﬁys.ﬂeevgmﬁﬁ@rﬁrsgewdém

el ot and ﬁé&%ﬁhmﬁ‘i” L%%{s%%%w i 398%9@%? et average

ol ecul ar wei.g t he bet mschanl JPropertie re. It is,
t her ef or e, nec’es?és §/3 That'k 888}{5( aleﬁze eTg eggrrrrnol egu Jgfasmier?eﬁg" Tthesg

necessary ford igahigi L9 PLag Hcgidnxé oS8l E{)ﬂ%%!or%rfe&% *br }naré hi's

i nventi on, IS prere at an equl va ent ratio acid
conponent / am ne Corrp@ﬂ@ﬂé palrgzcbﬂserg@%m@la%t&@ﬁté;pf&n%t;i%ﬁolﬁ%lagﬁesm,

range of 0.900 <- r 1. particul arly, 975 1.025 in terns of
bot h nmechani @bq@ifzﬂé@t h:aﬂikﬁi olfeadi dr&mbshaitc @ amii€ clinforfent is an important
] factor in determining a molecular weight of a polyimide resin obtained.
Furthermore, it has been well-known that there are correlation between
a molecular weight and physical properties of a polymer obtained,
particularly between a number average molecular weight and mechanical
properties. The larger a number average molecular weight is, thebetter
15 mechanical properties are. It is, therefore, necessary that a certain
higher molescular weight is necessary for realizing practically
satisfactory strength.
In this invention, it is preferable that an egquivalent ratio
"r" of acid component/amine component in the polyimide resin is within
2 the range of
0.900 = r £ 1.06
particularly,
0.975 < r £ 1.025
in terms of both mechanical strength and heat resistance, wherein r
5 = [the total egquivalent number of acid components] / [the total egquivalent

number of amine components}.

When r is within the above range, good adhesiveness can be



25 = [the total equival ent nunber of acid conponents] / [the total
equi val ent nunber of am ne conponents]. Wien r is within the above
range, good adhesi veness can be 24 achieved w thout problens such as
gas generation and foam ng. Furthernore, a dicarboxylic anhydride or
nonoam ne can be added for controlling a nolecul ar weight of the
polyimde resin as long as the above,acid/amne nolar ratio "r" is
within the above range. 5 The reaction of -he tetracarboxylic
di anhydri de atiieveldevidihant nerobilsnefshelstaad gbs gameaptioin engdoamispl vent
by a known process. Exanples of an aprotic polar solvent include
N, N- di met hy| Fertemnohes, DWVR) i carNpiy dicnatthyl dde teamindeoaftdvMA@an be added for
N- et hyl - 2- pyrrol i done (NWVP),
| t et r ahydr of uFerHCPLFIna eghgdesnéye Wehaixa ab ideneal Vimdre xasét Bs41eng) as fe
~which can be used alone or in combi nation of two or nore. Here, a
non- pol ar sofREIR 2GHL/ETINS TURPatIBPe " tHH vHE BV 2P5PBR diaPEe pol ar
. solvent may be added, Conmpnly used exanmpl es of such a sol [

i ncl ude aromatic hy&ﬁséa?%‘b]ﬁ@éuﬁﬁt%?aﬁg%%w }c%?xgwgréﬂ%mti%gﬁmne

napht ha. A content of. the ngn-polar.solvent .in the m xed solve
" br ot er abl §° SOTRFACDH PRoR 5505 1RATt RETREY Br e ERastbY S Batles
i nsufficient i i 8 di; reci:pi i :
pol yar ¢ aci & wonra oRe S e ent e R AR aL R 5

W % The reagli-QAnbOyilRer AforBY htad) et fi-aeahhoxy e 4l hy dpivee, Wi th
the diamne is desirably conducted by dissolving a well-dried diam ne

23 conponent tktraydréRbaaNdHPUrdiki g r8acbhemrsakbuadl , gdeisekided , abbyg
and then adding a well-dried tetracarboxylic dianhydride with a ring
cl osur e 10 at ehofh 88n%Weomspdradonaose ipr edfdriabtor09f%wr omomeret.0 t he
solution. The polyam c acid solution prepared as descri bed above is
heat ed Here, a non—polar solvent which is compatible with the above
aprotic polar solvent may be added. Commenly used examples of such
a solvent include aromatic hydrocarbons such as toluene, xylene and
solvent naphtha. Acontent of thenon-polar solvent inthemixed solvent
15 is preferably 30 wt3 or less because the sclvent may have insufficient
dissolving power, leading to precipitation of a polyamic acid when a
non-polar seolvent is contained in more than 30 wts.
The reaction for the aromatic tetracarboxylic dianhydride with
the diamine is desirably conducted by dissolving a well-dried diamine
2 component in a dried and purified reaction solvent described above and
then adding a well-dried tetracarboxylic dianhydridewitha ring closure
rate of 98 % or more, more preferably 99 % or more to the solution.
The polyamicacid solutionprepared asdescribedabove isheated
in an organic solvent for initiating dehydration, that is, imidation
s by ring closure, to give a polyimide resin. Water generated by the

imidation reaction, which interferes with the ring-closure reaction,

is removed by adding an organic solvent insoluble in water to the system



in an organic solvent for initiating dehydration, that is, imdation
25 by ring closure, to give a polyimde resin. Water generated by the

i mdation reaction, which interferes with the ring-closure reaction,

is renoved by adding an organic solvent insoluble in water to the
system 25 and then azeotropically renoving water fromthe system
using an appropriate apparatus such agsa Dean-Stark trap. A

wel | -known organic solvent insoluble in water is dichl orobenzene,

whi ch nmay, howsyethencatieeropinilagy fadovang WattBr chlcar tife -sgetémiusing an
materials in an electronics 5 application. It is, therefore,

pref er abl e t oapsepnetebppdretabeveh aaroobetn-Stiyldt oapar bdwsllAncah alcystic
for the imdation reaction my be selected fromacetic anhydri de,

(3- pi col i ne apelyyntiigispiublennwaterilgvénhlompbenzdrieg i ch mi daltdwsver ateause
in the above polyimde resinis nore preferable. A lower imdation
rate i s undesFPabireangekauyeth phlpshe cAnts@ipayratagsels Andan sgactronics
| eading to water_ generation., Thus, it is desirable to achieve an

i m dati on % at 8PR¥TE51GR or dbrer FBFEETOFET ITEHRYAPIgs T e AR T the above

Ex | f bl i dint in. filmf di

bond ng | ncl BE AP IBEEE P Fes hEa VARG dBLTR hdopsc o may be
| ect -b [ ins. .A bl. [ I NS, [

having  ef f ecPs M RaCtTha agent e 08 e T Bage | AFer HE aHtve

curabl e resin prefer %l%ig‘i%@riﬂ%n?ahﬁ?“é%ﬁbg%% rdc8ShRhe raQoverolyimide

significantly inprove heat resistance (particularly, anti-solder

reflow resi st a86@ ad mad@breFera «EXaPbRs 0fi dbbeopRRYE stiRkIPSAI bilRGause
resin include novol ac type phenol resins such as phenol novol ac

resins, cfesoheatovalae nepgicassanadiddiizphenaldifg novedias yesimsiophemphs,

resins such as resol e phenol resins;
itisdesirabletoachieveanimidationrateof 95%ormore, morepreferably
58 % or more.

Examples of a curable resin used in the above resin £ilm for
die bonding include thermosetting resins, UV-curing resins and

15 electron-beamcuringresins. Acurableresinmaycontainsaresinhaving
effect as a curing agent as described later.

The above curable resin preferably contains a thermosetting
resin, to significantly improve heat resistance (particularly,
anti-solder reflow resistance at 260 °C).

D Examples of the above thermosetting resin include novolac type
phenol resins such as phenol novolac resins, cresol novolac resins and
bisphenol A novolac resins; phenol resins such as resole phenol resins;
bisphenol type epoxy resins such as bisphenol A epoxy resins andbisphenol
F epoxy resins; novolac type epoxry resins such as novolac epoxy resins

% and cresol novolac epoxy resins; epoxy resins such as biphenyl type

epoxy resins, stilbene type epoxy resins, triphenolmethane type epoxy

resins, alkyl-modified triphenolmethane type epoxy resins,



bi sphenol type epoxy resins such as bi sphenol A epoxy resins and b
sphenol F epoxy resins; novolac type epoxy resins such as novol ac
epoxy resins 25 and cresol novol ac epoxy resins; epoxy resins such as
bi phenyl type epoxy resins, stilbene type epoxy resins,

tri phenol met hane type epoxy resins, alkyl-nodified triphenol nethane
type epoxy resins, 26 triazine-nucl,eus containing epoxy resins and

di cycl opent adi ene- nodi fi ed phenol tgge epoxy resins; urea resins;
triazi ne-ri ngrLonhaimidlgus esinRsisiighepskyTRE@IANandesi ns; unsat ur at ed
pol yester resins; bis-naleimde resins; polyurethane resins; diallyl

5 pht hal at e destd1spersiddi ennenctieSiars phieslz axpe ispexy | regioontaeai rpins;
resins; and cyanate resins, which may be used alone or in

conbi nat i on. tAmmige-tingsegntpant o uksitlsy sprte ke meddmire regawy wesitnsated
Thus, heat resistance and adhesiveness can be further inproved.
There are nopphresiteultgsingsbiswElonsideoresiasaimiauegidrye resins/ 99aklyl
long as it has at |east twointranol ecul arepoxygroupsandi sconpati bl e
to a thednopPRdElate ESFHIS HEAECONE FRANPE MPERZ¥EELPH - TLBE CONRINABE EFPEHIS/
soluble in a solvent used in prepari t he polyi m de resi.n. Exanples
of such an eﬁ%@ﬁy?’é%ﬁenr?msudgu& ng‘?ﬁ%‘il 5‘20%%/8@ Bp5 l@éﬁb%hndérf‘ong
phenol novol type [0)4 onpounds, . hi sphenal - A type, di i dyl.

et hers, 15 b?g%%eérpoﬁr%%%%gy% Sfﬁ%ﬁegye}ree HYgr s °° ?Ss'phglﬁ% ’%é/a(\t £ stance
epi chi or oy AL J4R8:v<ARGXYeA4OBR MM Rer drpBBRN. CLher tyPe epoxy
conpounds, brphenyl "type epoxy conpounds and hydr ogenat ed

bi sphenol - A type epexy-£QHR £ iATBAL LOG- et IdnOfo the aBPeX ¥psBSkdsin
is preferably, but not limte to, 50 Cto 150 C both inclusive,

particul @& | ya60oi 40 R o€ 1Rt bru@lhirasbLsinl er edheny@upehtd Ngeqrpianible
is within the above range, | owtenperature adhesiveness can be
parti cul arl ytonptiosadplastic resin (here, a polyimide resin), but is preferably
soluble in a solvent used in preparing the polyimide resin. Examples
of such an epoxy resin include cresol novolac type epoxy compounds,
phenol novolac type epoxy compounds, bisphenol-Atype diglycidyl ethers,
15 bisphenol-F type diglycidyl ethers, bisphenol-A epichlorochydrin type
- epoxy compounds, diphenyl ether type epoxy compounds, biphenyl type
epoxy compounds and hydrogenated bisphenol-A type epoxy compounds.
Ameltingpoint of the epoxy resinis preferably, but not limited
£o, 50 °C to 150 °C both inclusive, particularly 60 °C to 140 °C both
y.o) inclusive. When a melting point is within the above range,
low-temperature adhesiveness can be particularly improved.
The melting point can be evaluated from a summit temperature
in an endothermic peak in crystal melting when a temperature is raised
at a rate of 5 °C/min from room temperature using, for example, a
5] differential scanning calorimeter.

A content of the above thermosetting resin is preferably, but

not limited to, 1 part by weight to 100 parts by weight both inclusive,



"The nelting point can be evaluated froma sunmt tenperature in an
“endot hermi c peak in crystal nelting when a tenperature is raised at
arate of 5 Cmn fromroomtenperature using, for exanple, a 25
differential scanning calorineter. A content of the above
thernosetting resin is preferably, but not limted to, 1 part by

wei ght to 100 parts by weight both inclysive, 27 particularly 5

parts by weight to 50 parts by weight both inclusive to 100 parts by
wei ght of t hepdtecnbptlastimnteshn weien tohe0 centerty wesghid bhtn iphéusive
above range, heat resistance and toughness of a resin filmcan be

i mproved. 5 WedOPhmrabowe veighibpe thesthermeptastdgosgpinesient e cexfignt
film preferably contains a curing agent (particular|ly, a phenol .
curing agent)is “EkBHDILES FIOVEREISr | PRPTagemISHAREE LATE gﬁ‘?ﬁ@%ﬁr‘i%@ resin
agents including aliphatic polyam nes such as diethyl enetriam ne
(DETA), tri eﬁ.@l ERRRE FEHYEY TETA) and net a- xyl yl enedi ani ne ( MXDA) ;

ti 10 I i h di am.nodi phenyl met h o
o oL 440,201 Yo G S g 4 Aol phEnVLTEL G (D0 s o
polyam des Sl sl YAt AL e OO (AN, 0L ILE S8 coino g

anhydrides (liquid a%kgnpl%@hbfﬂrﬂlﬁeé&rﬁﬁcgﬂé?c Bﬁéﬁt&@%ﬁ%@%@%ﬁ gt

anhydride (HHPA) and 15 'net hyl t et rahydrioph-uhal i ¢ anhydri de

and aromatic ﬁfdl@d@ﬁ@)@d&g c pYCRmAsed rduBl 4d tdiet Ry deniaEMYETA) ,
pironellitic anhydride (PMDA) an benzophenone tetracarboxylic acid
(BTDA); and pherahytetdtagragent @ESNC Bnd astphenoletedbinsne ATIRY ; ltess;ic
preferred are phenol curing agents; specifically, bisphenols such as
20 bi s(4-Bydroxdyadidesisnel g ghenybiigtdnyhecitgeref2iM)y rahkaplenediamine
{MPDA} and diaminodiphenyl sulfone (BDS) and polyamides such as
dicyandiamide (DICY) and organic acid dihydrazides:; acid anhydride
curing agents including alicyclic acid anhydrides (liquid acid
anhydrides) such as hexahydrophathalic anhydride {(HHPA) and
15 methyltetrahydrophthalicanhydride (MTHPR) andaromaticacidanhydrides
such as trimellitic anhydride (TMA}, piromellitic anhydride (PMDA) and
benzophenone tetracarboxylicacid (BTDA) ; and phenol curing agents such
as phenol resins. Among these, preferred are phenol curing agents:
specifically, bisphenols such as
X bis (4~-hydrozy-3, 5-dimethylphenyl)methane (generally called
tetramethylbisphenol F), 4,4'-sulfonyl diphenocl, 4,4'-isopropylidene
diphencl (generaliy, calledbisphenold), bis (4-hydroxyphenyl)methane,
bis (2-hydroxyphenyl }methane,
{Z-hydroxyphenyl) {(4-hydroxyphenyl)methane and a three-component
% mizture of bis{4-hydroxyphenyl)methane, bis(2-hydroxyphenyl)methane
and (Z2-hydroxyphenyl} {(4-hydroxyphenyl)methane (for example, bisphencl

F-D, Honshu Chemical Industry Co., Ltd.); dihydroxybenzenes such as



t et ramet hyl bi sphenol F), 4, 4 ' -sul fonyl diphenol, 4, 4"

-i sopropylidene diphenol (generally, calledbisphenol A), bis

(4- hydr oxyphenyl ) methane, bis(2-hydroxyphenyl) net hane,

(2- hydr oxyphenyl ) (4- hydr oxyphenyl ) net hane and a t hree-conponent 25

m xt ure of bis(4-hydroxyphenyl)net hane, bis(2-hydroxyphenyl) et hane
and (2-hydroxyphenyl) (4-hydroxyphenyjg nethane (for exanple,

bi sphenol F-D, Honshu Chem cal I|ndustry Co., Ltd.);

di hydr oxybenzenesergiph @®i281, 3 b%nbefmelﬂelcarﬁl 1, 43nbenz enel di ol and
1, 4- benzene diol; trihydroxybenzenes such as 1,2, 4-benzene triol;
vari ous i songrshedroxgblycsimexymapphtbhal endsbesueheasriol; various isomers of
1, 6-di hydr oxynapht hal ene; and various isoners of biphenols such as

2, 2' - bi phenoldihpdrakyaspiginghenes sush Asc dnbalibhydfoxyhephiuvilage agedt vamous
the epoxy resin (particularl a phenol curing agent) is preferably,
but not partiicamers pf| piahesals giuch0as Zdlviahenel Ead1l 5! 'ehiiphaiicdnt

bot h |ncIu5|ve particularly 0.7 equivalent to 1.3 equival ent bath

i nclusive’to one equﬁﬁﬁ?@%ﬁlQﬁtq?ﬁ9r¥§ﬁéﬁ§nFé§FﬁeeVﬁ%hr??n? Gt entLardy.
thin th b heat t b

ggtelporaflgﬁﬂﬁﬁar §ﬁ§FFg%g?§ gzh%ﬁ% ¥ngegrleﬁ %C%f QQH?EEdtO’

but not essenfial. tAaL ihe iess'e%uﬁlré#n ftoﬁothd'1§cﬁ%rlg!e[‘gacf%qg%ia% hYr

contains a silane COUp?I ng agent esl| vene

The above si 'e@;ﬂ?vzﬁflwﬁ t09.3 véﬁaﬂf BE&L %H&l’ua&%e&} B ferqﬂmfalje%ttc%)%ﬁe

whi ch are conpati wth a thernoplastic resin (here, a polyimde

resin) and a%p%ﬂ?%é’sﬁgmwﬂgk@%r@@ﬁgHﬁb@iﬁinﬂﬁb%ﬁb@e bah, 3REY eBbi dsede
in preparation of the polyimde resin. Exanples of such an agent

i nclude Wi nyant bé Chbotesi katejeterbytatibhetrhaxyisillfabele can be prevented.
y- met hacryl oxypropyl -t ri net hoxysi | ane,

It is preferable, but not essential, that the resin film for
die bonding additionally contains a silane coupling agent, to further
improve adhesiveness.

The above silane coupling agent is preferably selected from

15 those which are compatible with a thermoplastic resin {(here, a polyimide
resin) and an egpoxy compound and adequately soluble in a solvent used
inpreparationof the polyimide resin. Examplesof suchanagent include
vinyl-trichlorosilane, vinyl-triethoxysilane,
v-methacryloxypropyl—-trimethoxysilane,

0 y-glycidoxnypropyl-trimethoxysilane,
y-mercaptopropyl-trimethoxysilane,

N-B (aminoethyl)y-aminopropyl-trimethoxysilane,
N-f (aminocethyl)y-aminopropylmethyl-dimethoxysilane,
y-aminopropyl-triethoxysilane and

5 N-phenyl-y-aminopropyltrimethoxysilane. Preferred is
N-phenyl-y-aminopropyltrimethoxysilane in the light of adhesiveness.

A content of the silane coupling agent is preferably 0.01 parts



a y-glyci doxypropyl -trimethoxysil ane,

y- mer capt opropyl -tri nmet hoxysi | ane,

N- (3(am noet hyl ) y- am nopr opyl -t ri net hoxysi | ane,

N- (3(am noet hyl ) y-am nopr opyl net hyl - di net hoxysi | ane,

y-am nopropyl =tri et hoxysi | ane and 25

N- phenyl - y-am nopr opyl tri nmet hoxysi | ane. Bbeferred IS

N- phenyl - y-am nopropyl tri met hoxysilane inN"the |ight of adhesiveness.

A content of pi,heisht asexcpgupld B w@ﬁ]ﬁlﬁﬁ pbsh Phefefi@b) Ynole Plepards y2Opart
by weight to 20 parts by weight both inclusive, nore preferably 1

part by wei ghtwdight Gpao tarby vyekgiihtbeddh i fhigsirey eot O PHriEaby siethyht
wei ght of the thernoplastic resin. Wien the content is within the
range, good oddhesiheengsisastan rbeimachiiberethe ohtentsi gwiafhdndibkbe;anbat good
not essential, that the resin filmfor die bonding additionally
cont ai ns a fiebhegiveness wanhke ddmevsde heat resistance. Exanpl es of
the filler include inorganic fillers such as silver, titanium oxide,
silica anl mca; andlf iRerysarrallsl W BRyaspential) dihet B gegin 5im for
silicone rubbers and pol yi.m des. Anong,these, preferred are .inorganic
fillers, par FFELH%dIl?gs&adilEéQn&ﬁllrﬁs‘?or}‘fgé?s redi$t8mcEC A theT PRI Yer et
i nproved. A content of the filler (particularly, an inorganic filler)

i s preferabl yeSHth®6t Iinmited to, 1 part by weight to 100 parts by

15 wei ght both i ncl ug}i{a\;ngﬂ?%gﬁg%gg%@{elﬁgwu&a{ Ot%%%(ic\t/\ﬁ%qtg Sggcrﬁ% PaLLs,

by wei ght both inclusivet 00" | S by weig ernmopl asti c
resin. Wen.the, qantent 1S MeEind hNe ; ahey eidapgsiieate besimantlers

and adhesiveness can be’i nproved.

10 such as silicone rubbers and polyimides. Among these, preferred are
inorganic fillers, particularly silica. Thus, heat resistance can be
further improved.

A content of the filler (particularly, an inorganic filler)
is preferably, but not limited to, 1 part by weight to 100 parts by

15 weight both inclusive, particularly 10 parts by weight to 50 parts by
weight both inclusive to 100 parts by weight of the thermoplastic resin.
When the content is within the above range, heat resistance and
adhesiveness can be improved.

An average particle size of the filler (particularly, an

0 inorganic filler) is preferably, but not limited to, 0.1 pm to 25 pm
both inclusive, particularly 0.5 um to 20 pm both inclusive. When the
average particle size is within the above range, heat resistance can
be improved and deterioration in adhesiveness of the resin film for
die bonding can be prevented.

5 The resin film for die bonding preferably contains a

thermoplastic resin, a curable resin and a silane coupling agent and,

if necessary, a filler.



An average particle size of the filler (particularly, an 20
inorganic filler) is preferably, but not limted to, 0.1 mto 25 pm
both inclusive, particularly 0.5 pmto 20 pm both inclusive. Wen the
average particle size is within the above range, heat resistance can
be i nmproved and deterioration in adhesiveness of the resin filmfor
di e bondi ng can be prevented. 25 The reskhp filmfor die bonding
preferably contains a thernoplastic resin, a curable resin and a

sil ane coupling agendpeaidicalif;, NERessiE theamdplabefc x3@in Speebhitdakdyin
when the thernoplastic resin is contained in 100 parts by weight, a
content of theocsualsl eyresynt,is 1 part by weight to 100 parts by

- wei ght both inclusive, preferably 5 parts by weight to 50 parts by 5
. wei ght both incl usi va coarehteofcomg ewtakde tefsén disl apercbypeiohy teeéh ppets
: 0.01 parts by weight to 20 parts by weight both inclusive,

" preferably 1byartioby weshginclosivel Opprierabby Svied st b yehoth ep ) Rarts by
Furthernore, if necessary, a filler (particularly, an inorganic
filler) i% coptgihdethniiElBaite b§idei ght 10 to 100 parts by wei ght
both inclusive, preferably 10 parts. by weight to 50 parts b i ght
both inclusive to 100 CB’&?‘{@ %@/EQ%%H%O‘FOU[ gnd FH%?%Eréa@ﬁipgr¥%§§ﬁ‘glght
These ranges .c be_conbi ned ptopriate. L resi n. f.

di e bondi ng ﬁ83%%§a§§%EEéW%Lh%égﬁﬁigﬁ%ﬂsébgb g%k%%%gyigﬁmgéﬁthéLﬁﬁ:to
obt ai ned, whi J | S, Of : : © atihie
i nclusive at1§§E%?§R§?§§%§§F?ﬁﬁgﬁggs ?%'bgﬁgyﬁgmgﬁ?b%_g%%gﬁ%ggégdJin i
this inventiop, -cAMEPRIEPaARCGorbQRRXENDIE:) DY Bhes0led DY 18p&AShY weight

conposition contailning
0 to 100 parts by weight both inclusive, preferably 10 parts by weight
to 50 parts by weight both inclusive to 100 parts by weight of the
thermoplastic resin. These ranges can be combined as appropriate.

Using a resin film for die bonding having such a composition,
a cured material can be obtained, which has an elastic modulus of 1

6 MPa to 120 MPa both inclusive at 25 °C.

A resin film for die bonding which can be used in this invention
canbeprepared, forexample, bydissolvingaresincompositioncontaining
the thermoplastic resin and the curable resin as main components and
appropriately containing the above additional components in a solvent

2 such as methyl ethyl ketone, acetone, toluene, dimethylformamide,
dimethylacetamide and N-methyl-2-pyrrolidone to give a varnish, the
applying the varnish onto a mold release sheet using appropriate means
such as a comma coater, a die coater and gravure coater, drying the
sheet and removing the sheet.

s A thickness of the resin film for die bonding is preferably,

but not limited to, 3 um to 100 pm both inclusive, particularly 5 um

to 75 pm both inclusive. When the thickness is within the above range,



the thernoplastic resin and the curable resin as main conponents and
appropriately containing the above additional conponents in a solvent
2J such as nethyl ethyl ketone, acetone, tol uene, dinethylfornmam de,

di met hyl acet ami de and N-net hyl -2-pyrrolidone to give a varnish, the
applying the varnish onto a nold rel ease sheet using appropriate

means such as a conma coater, a die co fer and gravure coater,

drying the sheet and renoving the shee 25 A thickness of the resin
filmfor die ponrdhegsiseRlei®l abhYbe pQH’&ldﬁQExi}}’ raoheéhlféatﬁ dgnwolll%

pm both inclusive, particularly 5 pm to 75 pm both inclusive. We

the thickness is wthnnoide ahoxe el asgge; médulukhb KRS 8d Rfceth Fidn f@an:ile
be particularly conveniently controlled. In order for an elastic

nodul us of a lsardddgrwsich ddn be fieeddirethd prdsag: whvattieancbee userh to 120
the present invention to be 1 MPa to 120 MPa both inclusive at 260

C, it is desi¥zberHincdosbianet 26R°Q, herinosasthie 5 c@diine the thermoplastic
(particularly, a polylnlde resin) exhibiting excellent |ow

el asticity atr$filgh (pRffiendtive anePlydineds vefers axhihiting excellent low
thernmosetting _resin (particularly, an epoxy resin) exhibiting ‘
excel | ent heatlastdsief ahbdoh FEMERIFENFS aRe seheN veBRbT HAtD bR Fagiosatikny

b t ted d di n.the . es of the
Cher nopl acti chruts PAEIEETRG ERAETOStainy FOSPHELTs SPeptestaent
stress due t OrésQL grllc?es 8' g%esg%erbés%h t)?%%%%a% \M tt@.%uitlsed can Fs)eesi n

deterioration at h nperature T ésistarce or Cadh e5|veness

conposi ti on fggpr%ggmg;aatda 09l d8RhALRPIPOSL Lian Jfoahe 8t Dfesin

used in this invention “15 contalins an epoxy resin, eno resi

curing aggnt ,arai EH itRErAsLRhk 8@ trekin, AR RAULAQS JARIG émc-! lc@rloaseﬁ%tmcmy
conponents. Furthernore, it is

at high temperaturewithout deteriorationat high temperature resistance

or adhesiveness.

Resin composition for encapsulating

A resin composition for encapsulating used in this invention
1B contains anepoxy resin, aphenol resincuringagent, a curing accelerator
and an incorganic filler as main components. Furthermors, it is

characterizedinthatacuredmaterial ebtained fromthe resincomposition
has an elastic modulus of 400 MPa to 1200 MPa both inclusive at 260
°C and has a thermal expansion coefficient of 20 ppm to 50 ppm both
2 inclusive at 260 °C, and the product of the elastic modulus at 260 °C
of the cured material and thermal expansion coefficient at 260 °C of
the cured material is 8000 to 45000 both inclusive.
An elastic modulus of a cured material is determined in
accordancewithJISK691lasabendelasticconstant. Athermalexpansion
5 coeificient of a cured material is measured by TMA (Thermo Mechanical
Analysis) at a rising temperature rate of 5 °C/min, and specifically

can be determined from a thermal expansion coefficient in a TMA curve



characterized in that a curedmaterial obtained fronthe resin
conposition has an el astic nodulus of 400 MPa to 1200 MPa both
inclusive at 260 C and has a thernmal expansion coefficient of 20 ppm
to 50 ppmboth a) inclusive at 260 C, and the product of the elastic
nodul us at 260 C of the cured materi and t hermal expansion
coefficient at 260 C of the cured matérial is 8000 to 45000 both
inclusive. An elastic nodulus of a cured material is determned in
accordance widrhaidhen Kt694olc@s a bend el asticconstant. Athernal
expansion 25 coefficient of a cured material is measured by TMA
(Thermo Mechani cal Almakpskgreatn ased Shng restpecatasieismatfer ehchp&ilnting
and specifically can be determ ned froma thernmal expansion

coef ficient iof zhibMuvenityen 32 sedbtizchébraye260 ]l RpoAp-@pdrynirgsienoarses,
in a resin conposition for encapsulating of this invention is

sel ect ed frolgaprassl 2epaey-yeora:aikar ryaiphombispherolli gmreegoihgesins,
pol yners; for exanple, bisphenol type epoxy resins, 5 biphenyl type
epoxy rest ns PBPFTHehEPt FReXE BRI e HENRYIPERRCHYNES1Eyp&Yapriyjnone
resins, orthq-cresol noval ac t ype epox resins, triBhenoInethane
type epoxy redFhsSPYHehvi aral ?qH%ot 9%965 cBATHEf RS cPPReA§PERe or

i phenyl ene ol ekl BBOKNT B3NS0 IABILNAL NG SONLANDN NG CROXY inine o

resins and dicycl open poXy ré use

alone or in %gp%li@ite' i ¥y ARG & ié%%) lge@é@? lrgls(?rgﬁt,gﬁd?ﬁ'x%hgier@i—ggnt ir%gg

tenperature, pretrerred IS a resin havin ucture suc

a di cycl opentpdik@ResinPeneRMXNE1hESATRAI BN tSHEBRGky AWk agh &h E&SHE w8kd
hi gh tenperature is high thermal expansion at hi gh tenperature,

| eadi ng 1t 0 debesior ahi @biifaticACk FRSEShEAGRg ldwdrSelddteref@rag, hadiso
necessary 15 to reduce thernmal expansion coefficient by increasing a
filler and t demperature, preferred is a resin having a flexible structure such as
a dicyclopentadiene type epoxy resin, but such a low elastic resin at
high temperature is high thermal expansion at high temperature, leading
todetericoration incrack resistance. It is, therefore, alsonecessary
15 to reduce thermal expansion coefficient by increasing a filler and to
reduce viscosity of the epoxy resin. Thus, for achieving lower
elasticity at high temperature and lower thermal expansion coefficient
at high temperature, it is preferable to use an epoxy resin exhibiting
good balance between flexibility and flowability at high temperature
2 such as biphenyl type epoxy resins, bisphenol type epoxy resins and
phenoclaralkyl type epoxy resins. A plurality of, but not a single,
epoxy resins can be mixed to achieve good balance between flexibility
and flowability.
A phenol resin curing agent used in a resin composition for
p:s) encapsulating in this invention is selected from general monomers,

oligomersandpolymershavingat least twophenolichydroxygroups capable

of form a crosslinked structure by reacting with the above epoxy resin;



reduce viscosity of the epoxy resin. Thus, for achieving | ower
relasticity at high tenperature and | ower thermal expansion
.coefficient at high tenperature, it is preferable to use an epoxy
‘resin exhibiting good bal ance between flexibility and flowability at
“high tenperature x; such as bi phenyl type epoxy resins, bisphenol
‘type epoxy resins and phenol aral kyl tygg epoxy resins. Aplurality
of, but not a single, epoxy resins can be m xed to achi eve good

bal ance bet weesdr bkaxiibi bhénol rand1id evabk| biysolARbendtedigs] PhaibliaRgl kyl
‘agent used in a resin conposition for 25 encapsulating in this

invention is sebﬁxaxadnjaphemyﬂaaeakbﬂp@aﬁaéﬁenmiﬂﬂygaﬁﬁiﬁsgmyihpn¢®ﬂaaa$kyl
havi ng at | east two phenolic hydroxy groups capable of forma
crosslinked stesttur eriphenesnttinage widshing lendaboveclepenryadiese n;ypé3phdnofl
exanpl e, phenol novol ac resins, cresol novol acresins, phenol aral kyl
(cont ai ni ng arpaEmyldriehean bsplﬁeﬁytll@mreomn éplplym’aéspmus As in an epoxy resin,
napht hol -aral kyl resins,_ triphenol nethane resins_and o

di cycl operft adifeRéchjpEghEopLastdst s andHPEH heanabexnsetionl GwEfapians at

conbi nati on. in an epoxy resin, 5 for achieving |.ow el asticity. and
'ow t her ml ﬁﬁ%ﬁeslﬂ@a%é% Creht REFECRINE LR e atRaoL to3ie exiibiting

f ble t h o bet we
Flexi bi 11ty aftor FBMEBT Pyt HgH L brer ot S?gwa g, H3L80ee, DAl YERD rarure
h I | kyl f .
ﬁo?ng Srﬁglg sk %E%IE?%g%ns ?gTQ£e ﬁ%é%l ﬁ %%%%%kg qgs%ala% é’ %%lty

bet ween fl exi Qr_l by ndfd fiabihiiy rgﬁnsté‘a% @aoﬁfye@wa&ﬁfev@%elmame
resins used in a resin conposli i on for encapsul ati ng In th

i nventiony anpegkdanalfestiviaitp 08 theapunrder, of epoxy gr oups in the
total epoxy resins to the nunber of phenolic hydroxy groups in the
total phenol resins iRrmprefegraplapnddhb ghendl besins used in a resin composition
for encapsulating in this invention, an equivalent ratio of the number
of epoxy groups in the total epoxy resins to the number of phenolic
hydroxy groups in the total phenol resins is preferably 0.5 to 2 both
5 inclusive, particularly 0.7 to 1.5 both inclusive. Within the above
range, deterioration in moisture resistance or curability can be
prevented.
A curing accelerator used in a resin composition for
encapsulating in this invention is a compound which can be a catalyst
X in a crosslinking reaction between the epoxy resin and the phenol resin;
for example, but not limited to, amine compounds such as
1,8-diazabicyclo (5,4, 0)undecene-7 and tributylamine;
organophesphorous compounds such as triphenylphosphine and
tetraphenylphosphoniumtetraphenylborate; and imidazole compounds such
% as 2-methylimidazole, which can be used alone or in combination.

There are noparticular restrictions to the type of an inorganic

filler used in a resin composition for encapsulating in the present



15 inclusive, particularly 0.7 to 1.5 both inclusive. Wthin the
above range, deterioration in noisture resistance or curability can
be prevented. A curing accelerator used in a resin conposition for
encapsulating in this invention is a conpound which can be a catal yst
20 in a crosslinking reaction between the epoxy resin and the phenol
resin; for exanple, but not limted toy4 am ne conpounds such as

1, 8-di azabi cycl o(5, 4, 0) undecene-7 and tri butyl am ne;

or ganophosphanes ieanpoidnastestiabs asmwh phenyd pizosphincepandting material
t et r aphenyl phosphoni unt et r aphenyl borate; and i m dazol e conpounds such
25 as 2- met hygbn madazed e fonhecihnptan fheedsed ighpreryetal middedi secPmiary
There are no particular restrictions to the type of an inorganic
filler used icandensedisildeapediminen trndne apdbe atlwlliva hyropidsehlc,
34 invention, and materials conmonly used as an encapsul ati ng
material cafipe apdadass Jibekaiplie! cRudedssd #iae & yReRPPERFLeR,of two
secondary condensed sili.c lum na, titaniLumwhite, alum num

hydr oxi de® t &F o] a%ﬁ%ﬁﬂ‘%g"l’ié’splﬁ EF,év?ﬁi Epech At ause%‘)r% ohehsH ¢

conbi nati on of, two r re. Particul ar referred.is .f.used silic
Both o1 ushed BT CERraPrLa He S 1OE (AR Do aRREply f palily e
preferable to nRinLy Yse., %99%&%%'51% LS And.9ly +C" 825109 HleNiBgse
" rate and ninim Zi nNg increase 1n a meft vi scosg'lty in an epoxy resin

conposi tion. ;FurtRef NRLErsf1QF in AACLRAS Ak bh@Rdl Akt at udhermore, for
spherical silica, It is desirable to nmake 10 a particle size

di stri bution;gfrdRengpherdneahg sktd 68 sphéeicalAillieadind s datieawie thaake
: : : - g
total inorganic fillers is preferably 80 wt%to 95 w % bot h
i ncl usi vay i natdeethiephsiaf dbalramete dnetfngensgiedrdadl biliyraander. Ablending
reliability. A blending rate within the above range can result in
preventing rate of the total inorganic fillers is preferably 80 wt% to 95 wt? both
inclusive in the light of balance between moldability and reliability.
A blending rate within the above range can result in preventing
deterioration in crack resistance due to increase in a thermal expansion
15 coefficient at high temperature or deterioration in flowability .
Increase of the filler tends to increase an elastic modulus at high
temperature while reducing a thermal expansion coefficient at high
temperature. Forachievinglowerelasticityandlowerthermal expansion
coefficient at high temperature by improved crack resistance, it is,
| therefore, important that the amount of the filler, the epoxy resin
and the phenol curing agent are properly combined to realize goodbalance.
When necessary, an epoxy resin composition used as a resin
composition for encapsulating in this invention may appropriately
contain, in addition to an epoxy resin, a phenol resin curing agent,
5 acuringacceleratorandaninorganicfiller, various additives including

a flame retardant such as brominated epoxy resins, antimony oxide and

phosphorous compounds; an inorganic ion exchanger such as bismuth oxide



deterioration in crack resistance due to increase in a therma
expansion 15 coefficient at high tenperature or deterioration in
flowability . Increase of the filler tends to increase an elastic
nodul us at high tenperature while reducing a thernmal expansion
coefficient at high tenperature. For achieving |ower elasticity and

| ower thermal expansion coefficient at _high tenperature by inproved
crack resistance, it is, 2) therefore,3§nportant t hat the anmount of
the filler, tHha-SROXY hbESIiMg ARG tIHRIRROAGN yELHDErage Pt r Bie@ nPERAGEhY;
conbined to realize good bal'ance. Wen necessary, an epoxy resin
conposi ti on esedosmdhgeas buclcampedbh bbarfaor cohezaypaut al ownestirass ddrgonent
i nvention may appropriately contain, in addition to an epoxy resin,

a phenol resisncoasishyicgent s agd sal tumengbbece|aardtigelaask sirh as natural
inorganic filler, various additives including a flane retardant such
as bron nat edraspox pyrewitis, wanes norahesxiadé y v ds piels prrsipongtal salts and
conpounds; an inorganic ion exchanger such as bi snuth, oxide, 35,
hydrate; % coappifigsaganst areRiasidangt yeabRsAsIesBy 20t HiGREeAbX et temBay
acol ori ngagent suchas carbon bl ack and col cot har;. al ow stress .
conponent  stiéh Hs TEFETEGHe BT TR ?‘f‘ﬁb@ngo?%f}grasg,eni’ ot §EPE 888"
such as natural xes, syntheti.c waxes, .higher fat i.ds d I
netal salts &hd® é@%g?l;rle F%%‘; §H8h 1 ean]t-elza(%(ﬁie%%r? & kf?u%%lﬂegc%ﬁgf e@}a‘cﬁ}s%‘lé'

i norganic fi Ibi%,eaisggyvinggﬁhe;éop BEERAY o sBE Gt £ &R WBv &&wéélg%nt;

agent, an epoxXy resin resin. Such pre-treatment can

effected, for, eXagp!i§addPiqHhSSR¥hEG: SR HeIAPRARGAE $:i1 Terind@h¥ ety
then renoving the sol'vent;” or directly adding the conponents to the

i norgani ggf i lthemi angkdievlieheat | Ngmdfy thecriidi tirnes pyda dibapdean owAnnrgs
these additives, addition of a |lowstress conponent such as silicone
oi | s and si | icoopengritbbeatts akenids.cone redlacad aiiliebas tiubbapx Giznds &b Fadyke
tenperature and to increase a thernal expansion
anelasticmodulus at hightemperature and to increase a thermal expansion
coefficient at a higher temperature. Thus, a blending ratioc can be
properly adjusted to improve crack resistance, where a combination of
1B the filler amount, an epoxy resin and a phencl resin curing agent must
be well-balanced.

Inthe resincomposition for encapsulatingcontainsepoxy resins
and phencl resins such that an equivalent ratio of the number of epoxy
groups in the total epoxy resins to the number of phenolic hydroxy groups

D in the total phenol resins is 0.5 to 2 both inclusive, preferably 0.7
to 1.5 both inclusive, and contains an inorganic filler in an amount
of 80 wt% to 95 wt% both inclusive in the resin composition. These
ranges can be combined as appropriate.

Aresin composition for encapsulatinghaving sucha composition

5 can provide a cured material (a cured encapsulating material) having

an elastic modulus of 400 MPa to 1200 MPa both inclusive at 260 °C and

a thermal expansion coefficient of 20 ppm to 50 ppm both inclusive at



coefficient at a higher tenperature. Thus, a blending ratio can be
properly adjusted to inprove crack resistance, where a conbi nation of
15 the filler anpbunt, an epoxy resin and a phenol resin curing agent
must be well-balanced. In the resin conposition for encapsul ating
cont ai ns epoxy resins and phenol resins such that an equival ent
rati o of the nunber of epoxy groups iggthe total epoxy resins to the
nunber of phenolic hydroxy groups 23 in the total phenol resins is

0.5 to 2 botfyg Etf:l Uk UG ?fﬁu@ﬁaﬁ ¥nd -Aast O qméuflg Bnd %EuﬁélV%X%ot hOﬂ

contains an Tnorganic fil In an anount of 80 wit%to 95 wt %

i ncl usi ve I'ncdd¥eikesidn i60uostsd i 000 Theseindanges. can be conbi ned as
appropriate. A resin conposition for encapsul ati ng having such a
conposition 25 canThe@dogeras cfirted ambdrdnabpé ating thatacisisisg atoviged
material) having an elastic nodulus of 400 MPa to 1200 MPa both

i ncl usi ve atb260:He mrrdluca dthgren@lasexpansibms abefeDi Ciaant tlefrm2D eppandtion
50 ppm both inclusive at 36 260 C, and the product of the elastic
modul us &nd tdedifiraierexpaP$PdR " doefifsl prementi :1v@00MeENtte 45006 dssshble to
inclusive. The property of the cured encapsulating material is

provi ded bye*PlERE H?Josdﬁéﬁsﬁ ahEPEI°¥Sti ¢ nodul us at 260 C and

t hermal expansi on fficient at 260

investnent. It is p3§§| E"3 oS ¥RANSFST ﬁotegfjsmreélﬁs%e tl‘%ss*slﬁlc%v%lpfﬁld the

for I SXPaSkPDCOPLA B ool cLiie AL LLOD R A ey Lagsfane

encapsul at | nﬁré@}gd'e%l:a %%Eﬂ&gﬁzerﬁgf dehap aatd, Q:ﬁe%%iéﬁﬁcﬁﬁtlgn bbeyeen

cured encapsul ating nat rial the silicon chip or the |ead frane

(her ei nafgt er ¢hoph RN dapshai@hl el ol ASandEtNEEN JFAMILHSOY) tHERYediBf rame
(hereinafter, optionally referred to as "between members") may be
generated by the stress caused by the heat expansion difference in
mounting. The inventors studied zealously the generation of
delamination in relation to the characteristicof a cured encapsulating

15 material byusing stress analysisprocedures suchas FEM (finite element

method). In the result, the inventors discovered need of reducing
the above-mentioned stress to suppress the delamination between
materials, that is

i} The thermal expansion coefficient difference between

20 nmembers is reduced,

ii) The elastic modulus of each members is reduced. The
inventors studied further zealously. In the result, the inventors
discovered that suppressing the generation of delamination becomes
difficult so that being not able to reduce the above-mentioned stress

%  when the other side was a large value even if only above-mentioned

i) or ii) was small values. 1In a word, the generation of delamination

between members can be suppressed by satisfing both above-mentioned



generated by the stress caused by the heat expansion difference in
nounting. The inventors studi ed zeal ously the generation of

delam nation in relation to the characteristic of a cured

encapsul ating 15 material by using stress anal ysis procedures such as
FEM (finite element nethod). In the result, the inventors discovered
need of reducing the above-nentioned stré§s to suppress the

del am nati on between materials, that is i) The thermal expansion

coef ficient diffarkensk. between 2) nenbers is reduced, ii) The

el astic nodul us of each nenbers is reduced. The inventors studied
further zeal ously. | ¥heheekaddgntof the PrxaSst opreradiedclrieiesn meders and
suppressing the generation of del am nation becones difficult so that
bei ng not abl & bet TRt eCHe ABbvie- ifettlicdindi StPdy ProBIGRERY FPRFeSERRINY

i'nin@ “Val 3e's:E>? %o(‘i«?id%t“l%%‘%'mf@s%%‘raét ggﬁ%?:eml R i i egﬁgwgeﬁﬁus at
and 1) TR r GFAIL G ST TRb SR e SBREr ATEn BRLABay RADET A eht ton.
above- ment i On?ﬁi a'd):il@ﬂ:gl O’%})eC%?ree%@ & Lkgléj o%'e%f%s_gié)ﬁ@ grei%dg¥ed Recause the

representing property naterla the pro

el astic modul Hﬁeﬁal%ﬁa@%s%@@gefﬂ%ﬁﬁt c&%@éﬁélc%nb&lﬁéfeﬁ'&ieeé‘ih%n?éﬁp or
C' in present invention. In addition, the stress is able to be

sufficiently erduced besrRUSE] e cliher BAta@PanshPhaceeifl ekestes lowers
di fference between the silicon chip or the lead frane and the cured

encapsul at i ngemaictr bad thecenes it omeludus exfosgth anth4trebeta@astsd emandehtsgh
of each nenbers beconmes snall enough 10 by naking val ue of the
product t®# a spewkinedalaqgd. tiEhprefumteto ghepecified range. Therefore, the

delamination can be suppressed to effective. In addition, the lower
limit is 8,000 or more because the elastic modulus is preferably higher
so that the encapsulating materials is desired for the high mechanical
characteristic. In addition, for the cured encapsulating material,
B more than certain value of the mechanical strength that
encapsulating/melding isenabledis required. Fromthat pointof view,
a lower limit value of the elasticmodulus that having a high correlation
with the mechanical strength is needed 8,000 or more.
For obtaining a cured material having an elastic modulus of
20 400 MPa to 1200 MPa both inclusive at 260 °C and a thermal expansion
coefficient of 20 ppm to 50 ppm both inclusive at 260 °C, and the product
of the elastic modulus and thermal expansion coefficient is 8000 to
45000 both inclusive, it is more preferable to use an epoxy resin
exhibiting good balance between flexibility and flowability at high
3 temperature such as biphenyl type epoxy resins, bisphenol typs epoxy
resins and phenolaralkyl type epoxy resins and/or a phenol resin

exhibiting good balance between flexibility and flowability at high



% del am nati on can be suppressed to effective. In addition, the | ower

. limt is 8 000 or nore because the elastic nodulus is preferably

i higher so that the encapsulating materials is desired for the high

" mechani cal characteristic. In addition, for the cured encapsul ating

"material, 15 nore than certain value of the nmechanical strength that

~encapsul ating/molding is enabled is requgred. Fromthat point of
view, a lower limt value of the elastic nodulus that having a high
correl ati on twitpdraihee mechaaf pegnsereHglhresinfeadetridthbob2 Gl kb resins.
For obtaining a cured material having an el astic nodul us of %2P400
MPa to 1200 MPELMEIRIEnEt LsisAd rabloblise sphar iraliér ied hayipansieparticle
coefficient of 20, to, 50 m bot h inclusive at 26 .._and t.he..
product of th&SEF égEQEtHBHH$g§C¥ﬁ%ﬁth§FﬁﬁTquﬂé%ﬂﬁ9§%ESSQ?F$?H%§ﬁPlFEIS
8000 to 450Q0 hoth, inclusive, it is ref erabl.e to
Pesin Cexhi biti T HB6T BETaness b ebGe ek 1 Aot ay iRl v P WL
i gh 25 teMeralila SHoTLda%e D! PREOMLci¥DR; CRYodLLNS 15 ALePNeRGhs on
type epoxy reésins and phenol aral’kyl type ‘epoxy resins and/ or
phenol resin i Dt I t f; i Qi{d
f1 owabi I ity acf)gﬁﬁ;cﬁeyé%tgﬁgsehr 28 296F e d?’?@%hléﬁ“g hAs dlﬁ'%t’iaée% FY T i
napht hol ar al kyikn r85 k0Bi.conEUsT1REEND L1 ddnel SulliRSE MY Be tRIdEG &0 reduce an
spherical silica having widerparticle size distribution to increase
the content efiathe: wekalud pergenre. fillers in the whole epoxy resin
conposition to as high as about 80 t%to 95 5 wt % both i ncl usi ve.
Al ternatively, as | ohgesinacdrippedtricexpensincapselesfing dinehiatingeotion s
bel ow the upper limt, a |owstress component such as silicone oils

and si | i d®ne prapbacs ot dpelag dedepet satide anPhesrdsTTE InBitiNgsagant, a

260 C. A resin conposition for encapsul at] in this invention is
curgngrr%ccelerator, an inorganic %irl%er and other agd{tlves at room

temperature; melt-kneading by kneading means including an extruder such
as rollers and a kneader; and, afier cooling, pulverizing the mixture.

Method for menufacturing a semiconductor device

15 There will be described a method for manufacturing a
semiconductor device using the resin composition described above, but
this invention is not limited to the proccess below.

First, a semiconductor chip 18 whose surface is coated with
a buffer coating film 26 is prepared.

Yl Specifically, aresincomposition forbuffer coatingis applied
o a proper base such as a silicon wafer, a ceramic substrate and an
aluminum substrate. Onthe surface of the base, there maybe optionally
formed a plurality of bonding pads 20 and a passivation f£ilm 24 filling
the space between the bonding pads 20. The composition can be applied,

s for example, by spin coating using a spinner, spray coating using a
spray coater, immersion, printing or roll coating.

After drying the applied film by pre-baking at 90 to 140 °C,




10 prepared by bl ending an epoxy resin, a phenol resin curing agent,

a curing accelerator, an inorganic filler and other additives at

room tenperature; nelt-kneadi ng by kneadi ng neans incl udi ng an
extruder such as rollers and a kneader; and, after cooling,

pul verizing the m xture. Method for manufacturing a sem conductor
device 15 There will be described a nethpd for manufacturing a

sem conduct or device using the resin conposition described above, but
this inventiomn fesiyet patieredstivrnhe hyr ocessohekoyvgurEipzticesa.  An actinic
sem conductor chip 18 whose surface is coated with a buffer coating
film26 is préparege 2p iggadighienlinthegexnosine oPPRESI IHdYOPe Kora}bL#er@tron
coating is applied to a proper base such as a silicon wafer

ceramc subst rbéf“@' alYaran CraF imitdent b Sttt refemplynkas g Wé%%l@@ﬂtlﬁ i 200
base, there 2& optionally fornmed a plurality of bonding pads 20
and a pa55|vat % 24 filling the space betmeen the bondi ng pads

20. The cogposition %%%'bqi%pgqxggrezghégép %?%}S¥F%%% Sﬁoatsg%>can

using a spinner, spray coating using

printing or r 9!’11:%&95%%? l%gsctfgﬁtaeg{fgérﬁagy ﬁ&ggixﬁ% fAL%#%:aQEFe 03k Do

at 90 to 140 C ire or me n exposure

process. An agkiid baﬁl%& Ussfl £%ad &, aé’fw 5| yl Bo tt%elﬁjﬂfjsr‘défee&%é%ﬁ&y

may be X-ray, electron beam UWV-ray o e ray, pre
has a wavel engbht9f1320¢:. to 700 nm 6 After the exposure, the applled
filmis baked. This step can increase a reaction rate of epoxy cros
sl inking. A tenperat ufextcomtixdpbesd pafrts hercbakidiged by Tl sk0l20Hy Chem in a
preferably 80 to 150 C, nore preferably 90 to 130 C.
stripper to obtain a buffer coating film 26 having a relief pattern
where a bonding pad 20 has an opening whose bottom is exposed. Examples
of such a stripper include hydrocarbons including alkanes and
cycloalkanes such as pentane, hexane, heptane and cyclohexane; and
aromatics such as toluene, mesitylene and xylene. It may be a terpene
15 such as limonene, dipentene, pinene and mecline; or a ketone such as
cyclopentanone, cyclohexanone and2-heptanone. Preferredisanorganic
solvent containing these with an appropriate amount of a surfactant.
Development can be conducted by an appropriate method such
as spraying, paddling, immersion and sonication. Then, the relief
2 pattern formed afterdevelopment isrinsed. Arinseagent isanalcohol.
Next, the pattern is heated at 50 to 200 °C for removing the remaining
developing solution and rinse agent, to cbtain a highly heat-resistant
final pattern in which epoxy groups have been further cured. Then,
the patterned silicon wafer can be diced into small pieces, to provide

5 a seniconductor chip 18 whose surface is coated with a buffer coating

film 26. A film thickness of the buffer coating £ilm 26Dfilm may be

about 5 pm.



Next, unexposed parts are renoved by dissolving themin a 10
stripper to obtain a buffer coating film26 having a relief pattern
where a bondi ng pad 20 has an openi ng whose bottomis exposed.
Exanpl es of such a stripper include hydrocarbons including al kanes
and cycl oal kanes such .as pentane, hexane, heptane and cycl ohexane;
and aromatics such as toluene, nesityl#ne and xylene. It may be a
terpene 15 such as |inonene, dipentene, pinene and necline; or a

ket one such as cycFopenthaormicoybicthexhanprid andt2atigst emgna.pad 13 in
Preferred is an organic solvent containing these with an appropriate
amount of a asurdedctrame. 1Desial sprasin eawpobetiohdatt @ Byndmg-
appropriate nethod such as spraying, padd]ing, immersion and_ .

soni cation. Then, tﬁérﬁbiﬁ@?rGZFJ%a?%égﬁcFGFﬁeaIﬁ#@@? o eFbartene e
rinsed. A rinse agent is an alcohol. Next, the tern.is heated at
50 to 200 C PEVPERMRREIRCLT BRHIDR TGS BEFEFO AP Ny eSETT) SO P o8
agent, to obtain a highly heat-resistant final pattern in which
epoxy gr cups Ha&gngggﬁ further cured. Then, the patterned silicon

vater can be di ced 400 3Ly PLACERs1d B DLO¥LAR; 23R BRM £ ARG o

chip 18 whose surfacée 1's coated Wt er coating

filmthicknesg, ng &9q3beﬁef fgadﬁﬂ%ie NG iy, MB2E00E MRy bo1i2Ben BsiAg

40 Then, the sem conductor chip 18 is attached onto a pad 13 in a
lead frame 12 pidigofi8Sbl €opeshéi®Nnéai1edi eikoagdbnibatkbs sising her e

wi |l be described a nethod for attaching the sem conductor chip 18
usi ng a resi BifAst-gons hbBedXrLskoraanppiittingnof cartambimdi.e Woardi hige
Specifically, the resin paste for die bonding is applied onto the
pad 13 i t heehEaddfcmreciid by whbee saxfngs &s qoeted wapplthediféar ForbE 9

film 26 is mounted on the pad 13. Then, in accordance with a known
nethod, the resin paste is cured by heating in, for example, an oven,
ahot plateoranin-linecuringapparatus, forattachingthe semiconductor
chip 18.

15 On the other hand, the following method is used for attachment
of the semiconductor chip 18 using a resin film for die bonding.

Specifically, the semiconductor chip 18 is placed on the pad
13 in the lead frame 12 via a resin film for die bonding. Then, they
are pressed at temperature 80 to 200 °C for 0.1 to 30 sec, and then

D cured by heating in an oven at 180 °C for 60 min.

In this invention, it is preferable that the semiconductor
chip 18 whose surface is coated with the buffer coating film 26 is placed
on the pad 13 in the lead frame 12 and cured, and then the surface of
the buffer coating film 26 is plasma-treated. Plasma treatment is

5 advantageous in that it makes the surface of the buffer coating film
26 coarse and, when using oxygen—containing plasma, resulting in

excellent acdhesiveness to an epoxy encapsulating resin by being



a multipoint or single-point needle, Iine application using a

si ngl e-poi nt needle, screen printing or stanping. Then, the 10

sem conduct or chip 18 whose surface is coated with the buffer coating
film26 is mounted on the pad 13. Then, in accordance with a known
met hod, the resin paste is cured by heating in, for exanple, an oven,
a hot plate or an in-line curing apparatusgy forattachingthe

sem conductor chip 18. 15 On the other hand, the followng nethod is
used for attachirephiliaf t he sem conductor chip 18 using a resin film
for die bonding. Specifically, the sem conductor chip 18 is placed
on the pad 13 in theTheada bragimgkadidlalratiressm copduntbochap é8 bogdnnested
Then, they are pressed at tenperature 80 to 200 C for 0.1 to 30 sec,
and then 20 %Weﬁh%)leﬁéaflﬁﬁ@nf% HWa avemdang rg@e? ¢ BSE-n. In this
invention, it is preferable that the sem conductor chip 18 whose
surface i s coated wi LReRhELBEFIR Cctisn§uFh B %“%‘@n‘&“%?é’édcmdh aFﬁe

pad 13 in_the | ead d cur and en th e
Ui for colt | FPPPHTET 670 R U PaabaPop Hone TR Tt | & Fovide 2

advant ageous |n.tha rfa buffer .coatin
26 coar oo and HRRR LT RO LS RTBaN: cONER L Ag b1 AeHe = et Cog fir oh Bor

excel | ent ad I i

hydr ophi lic. h%ﬁ!ﬁ@ Eo%ﬂfﬁgyggﬁééé%? Hﬁgdg%#?coﬁ%ﬁkgggxdﬁ%%ﬂ%gééSuCh
connected W tt:aﬁsﬁe@aﬁloi&l%@e ddnpteds forP RREE NG Whd %n%gc’@ﬁjnuﬁﬁﬁﬁlng
Then, electronic parts such as sem conductor chip are 5 encapsul ated

with the cured encapstligid Bemidmir@utedr 28witd 10r eizd@ed bys &Rk COREdCt or
device 10. Specifically, using a resin conposition for
10 manufacturing process,
the buffer coating film 26 has an elastic modulus of 0.5 GPa
to 2.0 GPa both inclusive, preferably 0.5 GPa te 1.0 GPa both inclusive
at 25 °C,
the cured die bonding material 16 has an elastic modulus of
15 1 MPa to 120 MPa both inclusive, preferably 5MPa to 100 MPa both inclusive
at 260 °C, and
the cured encapsulating material 28 has an elastic modulus
of 400 MPa to 1200 MPa both inclusive, preferably 400 MPa to 800 MPa
both inclusive at 260 °C, and the cured material has a thermal expansion
€ coefficient of 20 ppm to 50 ppm both inclusive, preferably 20 ppm to
40 ppm both inclusive at 260 °C, and the product of the elastic modulus
of the cured encapsulating material 28 and thermal expansion
coefficient of the cured encapsulating material 28 is 8000 to 45000
both inclusive. These ranges may be appropriately combined.
5] In the semiconductor device of this invention, the buffer

coating film 26, the cured die bonding material 16 and the cured

encapsulatingmaterial 28 haveanelasticmoduluswithinthe above ranges,



encapsul ati ng, they can be cured/ nol ded by a conmon nol di ng nmet hod
such as transfer nolding, conpression nolding and injection nolding.
In the sem conduct or device 10 obtai ned by the above 10
manuf act uri ng process, the buffer coating film26 has an elastic
nodulus of 0.5 GPa to 2.0 GPa both inclusive, preferably 0.5 GPa to
1.0 GPa both inclusive at 25 C, the cu#Zzd die bonding material 16
has an elastic nodulus of 15 1 MPa to 120 MPa both i ncl usive,

preferably S5sd/Raat0e:dR0 1M 280t hsdlaglkusdfiew Bdsid6nds candhd hehiaueddin
encapsul ating material 28 has an el astic nodulus of 400 MPa to 1200
MPa bot h i nchaisiviag yiefes deby- 206 Maidro S88QINPay ibobigtiemchelsiabpelkty -
260 C, and the cured material has a thernal expansion 20 coefficient
of 20 ppmto 50 ppm both inclusive, preferably 20 ppmto 40 ppm both
inclusive at 260 C, and the product of the elastic nodulus of the
cured encapsB¥filAag material 28 and thermal expansion coefficient of
the cured encapsul ating materjal 28 is 8000 to_ 45000 both i sive.
These rarfges may be T&‘ﬁﬁﬂ@ﬁ??‘é&’:@l Vljéo%lsﬁ%ﬂlflféljr%d‘??}%“?@ﬂlw&dﬁdi? i e

device of this |nvent| e buffe coatln AR t.he cured d
bondi ng mat ef?al uiéloé:n c'if?’e% a%‘—?tl(,egpsjtﬂ 5 E‘L?bg'reflgjrngz "B Havs”

elastlcnndulug w%aﬁln the above ranges, 42 so that excel | ent
anti-sol der P&fi ?%S|s ance can be achieved in nounting using a

| ead-free Sol fpl obeoHlibhNgr 1N 0L Gelonb L @B Fy pur FMBLES,S Thi S
invention w | peC| Iy described with reference to, but not
limted to, ExamRhg8iod Bf%'f‘e@lﬁ' toioBREi N roatmFrakecdating (A-1)»
10 A decylnorbornene/glycidyl methyl ether norbornene = 70/30
copolymer, Copolymer (A-l) was prepared as follows.
In a thoroughly dried flask were placed ethyl acetate (917
g) , cyclohexane (917 g), decylnorbornene (192 g, 0.82mol) and glycidyl
methyl ether norbornene (62 g, 0.35 mol), and the system was degassed
15 for 30 min under a dry nitrogen gas. Into the flaskwas added a solution
of 9.36 g (19.5 mmol) of a nickel catalyst
(bistoluene-bisperfluorophenyl-nickel) in 15 mL of toluene, and the
mixture was stirred at 20 °C for 5 hours to complete the reaction. Then,
a peracetic acid solution (975 mmol) was added. After stirring for
2 18 hours, the aqueous and the organic solvent layers were
separated/extracted. The organic solvent layer was washed with
distilled water three times and separated/extracted. Then, methanol
was added to the organic solvent layer, to precipitate a cyclic olefin
resin insoluble in methanol. The precipitate was collected, washed
% with water and dried in vacuo to obtain 243 ¢ (yield: 96 %) of the cyclic

olefin resin. The cyclic olefin resin thus prepared had a molecular

weight, Mw = 115,366, Mn = 47,000, Mw/Mn = 2.43 as determined by GPC.



part(s) by weight. (1) Preparation of a resin conposition for buffer
coating <<Preparation of a resin conposition for buffer coating
(A-1)" 10 A decyl norbornene/ glycidyl nethyl ether norbornene = 70/ 30
copol ymer, Copolynmer (A-1) was prepared as follows. In a thoroughly
dried flask were placed ethyl acetate (917 g¢g) , cyclohexane (917 g)

, decyl norbornene (192 g, 0.82 nol) and4ylycidyl nethyl ether

nor bornene (62 g, 0.35 nol), and the system was degassed 15 for 30

m n under a drie Boigaedeiorgas thé Biel idhel dili ase sivasaaddedlmrootidneo 70 il s
9.36 g (19.5 mmol ) of a nickel catalyst

( bi st ol uene- bampepbkyorobhemyle: Nt kell} a: deébentirefl bpl'HeM®. and t he

m xture was stirred at 20 C for 5 hours to conplete the reaction.

Then, a peracetic adlod solurtipowi(@P3 afrbhy cxasiadieiin wistiarthys ipreparggpd
for 23 18 hours, the aqueous and the organi c solvent |ayers were

separ at ed/ ext tact¥édy Fheesryalrreadyheéme Mayeradigd washed with
distilled water three tines and separated/ extracted. Then, nethanol
was added’to {HEtOryhiyLiser Vemetindeehyl imbepy Bqdsrtdte a cyclic

olefin resin insoluble in nethanol. The precjpitate was._ cgllected,
washed 25 wi t FE aEF REG2AH BEPIFYIABEE 15 @b#ﬁ%?nm%-vﬁxwi & - 96 %

of the cyclic %Iefin resin. ‘5 e .cyclic ol ef}) J si n, thus,.pre gred

had a nol ecul ArNEP ghP ORI %15133396{@?t e:{g% "360,21\'4%2‘% :“‘d[z)t. A3 as

determ ned by. 43 . Th r{gjqpsi i fi lic olefin resin was

decyl nor bor ne }gl%%l%‘b ré) ?%'n eg’oxéy' 72%%@0?#1022?&[%0 nol % as det erm ned

by 1H NMR. To3 a5 3QLlhan04- onlﬁzfdr&Fﬁirfé)ﬁﬁké c(oo%gfsdgg 2. 8SL0 L RYS , and
e

prepared in 342 g of décahydronapht hal ene were a

4- met hyl phenytrétreboEindy betfty by phenyi i:gdesaumth 0.2 um fluororesin filter
to obtain a resin composition for buffer coating (A-1).
«A resin composition Ffor buffer coating (A-2)»

A resin composition for buffer coating (A-2) was used CRC-6061
(Product name, Sumitomo Bakelite Co., Ltd.}

15 «Preparation of a resin composition for buffer coating (A-3)»

A resin composition for buffer coating (A-3) was obtained by
method as well as the method of preparing (A-1) except the ratio of
decylnorbornene / glycidyl methyl ether norbornene = 90/10.
«Evaluation of an elastic modulus of a buffer coating film

4] The resin composition for buffer coating obtained as
above-mentioned was applied onto a silicon wafer using a spin coater
and then dried on a hot plate at 120 °C for 5 min, to obtain an applied
film with a thickness of about 10 pm. After curing, a silicon wafer
was diced into pieces with a width of 100 mm, and a test piece as a

s stripwas immersed in a 2 $ agueous hydroflueoric acid solution todissolve

the silicon wafer substrate. It was washed and dried to obtain a test

piece as a film. For the test piece thus obtained, a tensile strength



tetraki s(pent afl uorophenyl )borate (0.2757 g, 2.71x104 nol),

i -chl oro- 4- propoxy-9H-t hi oxant hone (0.826 g, 2.71x10-4 nol),
phenot hi azi ne (0.054 g, 2.71x10-4 nol) and

3, 5-di-t-butyl-4-hydroxyhydroci nnanate (0.1378 g, 2.60x10-4 nol), and
10 the resulting solution was filtrated with 0.2 pm fluororesin
filter to obtain a resin conposition for buffer coating (A-1). <<A
resin conposition for buffer coating (A ﬂ)>> A resin conposition for

buf fer coati Rgs(fsdmies W6erbiGRErE08E addBrodied wheNEITSSHNd 160Ny obtain

Bakelite Co., Ltd.) 15 <(Preparat|on of a resin conposition for

buf fer coat i ng és%@h?@ Pré&e Sh e AMaasigh s AN 2EL ¢ Rvddris ¢oabENg (R Bhred
was obt ai ned by nmet hod as wel | as thé method of preparing (A-1)

except the rahteriofl (tdebylfrardeatvenel i) gbymnddidonies fiydveatelsén composition
nor bornene = 90/10. <<Evaluation of an elastic nodulus of a buffer
coating fil mier20fThecoasing Coripdsiddroaldsgricietibes cat b B§aobtlapiwder
as above-nentioned was applied onto a silicon wafer using a spin
. coater ahd tchehimr filh frredifeen hapeode resh: MRS 1ELe Aor Petishtaaking
. an applied filmwth a thickness of about 10 M After curing

silicon waf er(A"%)aga‘élﬁE%a?Wtcd“?ﬂuéE%§fv§ -PIPPE - wi TerPudfed seaAg @1}81 fgrmed

test pi ece as

% fl
Ty orit oy tRe bt %aesfw'éo”’?ré%%iﬁwvw% AP A R e
and dried to %Quf‘ @ot% Pl 26 QB Pe frl Film F ugw%egssg 95% LS o

© obtai ned, a fensr 1% stren Y eF i ne nsh

accordance WctaQrgJ L }Il;%c% ?% rIerrP 031 + Afh 2R H‘El'f%gfeoaftrlﬁﬁ‘ (abi )C}}féc?a problem

Young' s el astic hodul us e cured materi al buffer
coating fig | Meok Qrd®R qgerontheabove resin conposition for buffer
coating (A-1) had an el astic nodulus of 0.5 GPa. The buffer
{2} Preparation of a resin paste (a resin composition for die bonding)
The components shown in Table 1 and a filler were blended and
kneaded at room temperature five times using three rolls (roll distance:
15 50 pm/30 pm) , to prepare a resin paste (B-1) and {B-2). The resinpaste
was defoamed in a vacuum chamber at 2 mmHg for 30 min, and then evaluated
for an elastic modulas at high temperature as foilows. Table 1 shows
blending rates and the evaluation results. In this table, a blending
rate is in part(s) by weight.
20 «Starting materials»
The starting materials used were as follows.
-Bisphenol-A type epoxy resin (Yuka Shell Epoxy Co., Ltd.,
EPICOAT 828, epoxy equivalent: 190; hereinafter, referred to as "BPA"),
-Cresyl glycidyl ether {Nippon Kayaku Co., Ltd., SBT-H, epoxy
Y. equivaleni: 206; hereinafter, referred to as "m,p~CGE"},
-Dicyandiamide (hereinafter, referred to as "DDA"),

-Bisphenol-F type curing agent (Dainippon Ink And Chemicals,



5 coating filmfornmed fromthe above resin conposition for buffer
coating (A-2) had an elastic nodulus of 3.5 GPa. The buffer coating
filmfornmed fromthe above resin conposition for buffer coating
(A-3) had an elastic nodulus of 0.2 GPa. In addition, the eval uation
as a package was not carry out because resin conposition for buffer
coating (A-3) had a problem 10 for expagure. (2) Preparation of a
resin paste (a resin conposition for die bonding) The conponents
shown i n Tabllacdrmndtadf iDICeBPiyerpohyt eqdedchland: Ihedveeliasfregpnreferred
tenperature five tines using three rolls (roll distance: 15 50 pm 30
pm , to prepgarasd'BPESIn paste (B-1) and (B-2) . The resin paste was
def oaned in a vacuum chanber at 2 mtg for 30 mn, and then eval uated
for an el astic nodul a& Baenyl gheehpebabyirexase iyl Epigazotgb (B ikoshows
bl ending rates and the evaluation results. In this table, a_blendin

rate is in p&hﬁ’(‘é‘ﬁall?ycﬂﬁfcﬁfﬁ?mr?o Coresodr ePHgihrabersiapsber TRECQIEF PGS

materi al s_use v\§re as foI | ows. -Bi sphenol -A type epoxy resin (Yuka
Shel | EpoXy C&m 134 e * EPI COAT 828, epoxy equival ent: 190:;

ayaku Co. « d. . SETE BT ok st inne Lt SaTr G e PR,
referred to &?wno HarreP Gyaadiam.de, L hereppaiiter,qreferred to

as "DDA") type’ curing agent (Daini ppon I nk And

Che”!cals 45 Incor¥éﬁﬁ%%§%mw5&£;§§¥%er%ﬁ@§¥p§ﬁ&&ﬂﬁﬂﬁ%&ban%ﬁ@ragepartlcle
herei nafter, referred to as "BPF"),

- 2- Phenyl - 4- nethyds 5- by direX ¥ netNvddnpdazele ishi kokie wehem cal s

Cor poration, Curesol 2PAMHZ; hereinafter, referred to as
i «Evaluation method for an elastlc modulus of a cured resin paste {a

cured die bonding material)w»
On a Teflon® sheet was applied a resin paste with a width of
4 mm, a length of about 50 mm and a thickness of 200 um, and it was
cured in an oven at 175 °C for 30 min. Then, the cured material was
B removed from the Teflon® sheet and processed into a test piece with
a length of 20 mm. The test piece was examined by a dynamic
viscoelasticity measuring apparatus (trade name:DMS6100 (Seiko
Instruments Inc)) at a Frequency of 10 Hz while raising a temperature
from ~100 °C to 330 °C at a rate of 5 °C/min, and then a storage elastic
N modulus at 260 °C was calculated. The results are shown in Table 1.
(3) Preparation of a resin film
«Preparation of a resin film resin varnish for die bonding»
A resin varnish (B-3) containing a resin solid in 43 % was
prepared by dissolving 87.0 parts by weight of a polyimide resin PIA
5 {a polyimide resin prepared by reacting 43.85 g (0.15 mol} of
1, 3-bis {3-aminophenoxy) benzene (Mitsui Chemicals, Inc., APB) with

125.55 g (0.15 mol) of o,®-bis{3-aminopropyl)polydimethylsiloxane



5 "imdazol e"), -Epoxy-containing pol ybutadi ene (N ppon oi l
corporation, E-1800; hereinafter, referred to as "E/ 1800"), and
-Silver powder: silver flake powder having an average particle size
of 3 pmand a maxi mum particle size of 30 m 10 <<Eval uati on net hod
for an elastic nodulus of a cured resin paste (a cured die bonding
material)>> On a Teflon(c) sheet was app%d'ned a resin paste with a
width of 4 mm a length of about 50 nm and a thickness of 200 pm

and it was CcukedaddimditcAYeN walghkst% 03 )f(plis30hdiital Taenitdt h&ss Wsadianine
material was 15 renoved fromthe Teflon(r) sheet and processed into a
test pi ece widdapogedtengiin 8f.020gmm. 3Thelt est 4pd ecaydashtdxain nédntiydrade
dynam c viscoelasticity neasuring apparatus (trade name: DVM56100

(Sei ko | nst r(vasAC sinkncypodatatl, DUPReduascyn afcidOcdtponhintle harsinagter,
tenperature from-100 Cto 330 Cat arate of 5 Cmn, and then a

st or age el astiefe2Bedrodad UBIZAY TRE0 ICCwaisigdl audragedolahd arasuphts ¥, &00)
shown in Table 1. (3) Preparation of a resin film <<Preparation of a
resin filfnresi g WEAPBRTEL BEhohd! REESS RYr Bt aF Mt FPPRY FPsSin
containing a resin solid in 43 % was repared by dissolving 87.0 .
parts by wei ghClr1C Y560 {Arae Tessi HO@RC%E?B" o1SPHH ’d‘:’ep‘?)‘g’fﬁﬁlvalent‘
prepared by react)jng 43.85 .15 nol ) of , e AR o, .

1, 3- bi s( 3- an %Sﬁféﬁoxy}m%ﬁggf Pt s&r&c:h%‘?ﬁté&ﬁ%? PPHLE: 8ONSE)PeRPERE e/
125.55 g (0. Wl 3z am )| ik syl S 9y @REgiS of
(aver age nol éxc%&f a%g%\glgg t:Eg%N;))gfﬁggg%%?n¥%%#PC%ga Ltd.q%/ Gg)l%gs e

di am ne component.s Wohb1 23, Q%erg: ((RerdS 310k 1P du LrretX ¥4l RBL haldeg) in
di anhydride (MANAC | ncorporafted, ODPA-M as an acid conponent);
her ei naf t4¢r, N-methyl-2-pyrrolidone (NMP) .

A resin varnish (B-4) containing a resin solid in 40 % was
prepared by dissolving a polyimide resin PIA {a polyimide resin prepared
by reacting 43.85¢g (0.15mol) of 1, 3-bis (3-aminophenoxzy)benzene (Mitsui
Chemicals, Inc., APB) with 125.55 g (0.15 mol) of

15 o, @—bis (3-aminopropyl)polydimethylsiloxane (average molecular
weight: 837) (Fuso Chemical Co. Ltd., G9) as diamine components with
93.07 g (0.30 mol) of 4,4'-oxydiphthalic dianhydride (MANAC
Incorporated, ODPA~M) as an acid component); hereinafter, referred to
as "PIA"; Tg: 70 °C, weight average molecular weight: 30,000) in

0 N-methyl-2-pyrrolidene (NMP).

«Preparation of a resin film for die bonding»

The above resin varnish was applied on a polyethylene
terephthalate film (Mitsubishi Polyester Film Corporation, Catalog No.
MRX50, thickness: 50 pm) as a protective film using a comma coater and

%  was dried at 180 °C for 10 min. Then, the polyethylene terephthalate

film as a protective film was peeled to obtain a resin film for die

bonding with a thickness of 25 pm.



referred to as "PIA"; Tg: 70 C, weight average nol ecul ar weight: 30,
000) 5 as a thernoplastic resin; 8.7 parts by weight of an epoxy

resin (EOCN-1020-80 (ortho-cresol novol ac type epoxy resin), epoxy
equi valent: 200 g/eq., N ppon Kayaku Co., Ltd., softening point: 80

C, hereinafter, referred to as "EOCN')as a curable resin; and 4.3
parts by weight of a silane coupling agent (KBMb73, Shin-Etsu

Chem cal Co., Ltd.) in 10 N-nethyl-2-pyrrolidone (NW). A resin

var ni sh ( B- 4) «Ewduat innmetdoddoir mnslaist 1¢ nodolus ofas cupgepesiagtigyp (a cured
di ssol ving a pol )éi m de resin PIA (a polyimde resin prepared by
reacting 43.8%lgybeodis matgrigl)t, 3-bis (3-am nophenoxy) benzene
(Mtsui Chemcals, Inc., APB) with 125.55 0.15 mot) of 15

a, co- bi s( 3- ani nopr opyP§ PS8 ¥PEi 1i6x & VERS GELRD| i P gpven at 180
wei ght: 837) (Fuso Chemical Co. Ltd., () as dianne coi%&onents withh
93.07 g (0.30 nbPy OG™A-4' TR FHFFhIREFIIELdram AYATNGE '(INAGest Length of
| ncor por at.ed, A- S_an. acj onent ) ; i l...refer

as "PlIA"; t5Tg: z%mpcfyhgmcgfaﬁ?l%\%%g%%%%}%% |%?38&§§‘§1? Sg)%%tblﬁoa)L ?nfrrgguér%y
N et hyl -2 PYLE bl 6ong, (NVE) oo B RALALEQN Bl BERIE dd by Bratdherate
bondi ng> The above Tesin varni sh was appfled on a pol yethylene

terepht hal at €, 5'06%‘(1"}4}&%&1%“%%'3' 2 BObxRS!boFid ALADIROIAANT udAlAlAdated.
No. MRX50, thickness: 50 as a protective filmusing a comma

coater and 25rwasldhded aktdSanE fHer r&6ultsnard gwwnt ite Tably at.hyl ene
terephthalate filmas a protective filmwas peeled to obtain a resin
filmfor die bonding wwth a thickness of 25 M 47 "Eval uation

nmet hod for an elastic nodulus of a cured resin film(a cured die
bondi ng nft er Taile>3:

Table 1

B—1 B-2 B-3 B-4
BPA 13.0 13.0
BPF 8.7 4.1
PIA 87.0 100
m,p—CGE 8.3 1.5
DDA 0.2 0.2
EOCN 8.7
Imidazole 0.2 0.2
E-1800 1.6
Silane coupling agent 4.3
Silver powder 70.0 75.0
Elastic modulus (260 °C) [MPa] 50 150 f <1

(4} Preparation of a resin composition for encapsulating
The componentsweremixed at roomtemperature by amixer, kneaded
two rolls at 70 to 120 °C, cocled and then pulverized to give an epoxy
15 resin composition for encapsulating. Therewillbe describedprincipal
raw materials components used and a property evaluation method for a
resin composition obtained.
«Raw materials used for an epoxy resin composition for encapsulating»

~Epoxy resin 1l: a phenol aralkyl type epoxy resin having a



The resin filmfor die bonding was cured in an oven at 180 C for 60
mn. The cured material was examned with a test length of 5 20 mm
by a dynam c viscoelasticity neasuring apparatus at a frequency of 10
Hz while raising a tenperature from-100 Cto 330 Cat arate of 5
C/ mn, and then a storage el astic nmodulus at 260 C was cal cul at ed.
The blending rates and the results are shown in Table 1. 10 Table 1
Table | B-1 B-2 B-3 B-4 BPA 13.0 13.0 BPF 6.7 4.1 PIA 87.0 100

m p- CGE 8. 3 Biphdbplems Boikty (NEQOM BaFakul @n.dazwl- e NG3R0QR, 2sofftenBODPALIE |
Si |l ane coupling agent 4.3 Silver powder 70.0 75.0 Elastic nodul us
(260 C) [ MPap8 50, 1&®=8 «juiva)ely:egdfati on of a resin conposition for
encapsul ati ng The conponents were m xed at roomtenperature by a |
m xer, kneaded two T&PPEY FESVR %:oa&ﬂ?t@?"%?ﬁﬁoédmé’ﬁ&th@ﬁ’ep%ﬂ’%‘é’r Feed
to give an epoxy 15 resin _conposition for encapsul ating, There wl|
be descri bed (BEiiterp&neriiplnet eridl s EEHpordht CHFEBHAREE pPbger ERPXY
eval uati Qn met h.odlf or . 29 E)esi n conposition obtained. "Raw materials
used for “an EPOXYFRSi it °Cbhposition for encapsul ating>>

-Epoxy resin 3: a phenolphenylaralkyl type epoxy resin (Mitsuild
Chemicals, Inc., E-XLC-3L, softening point: 53 °C, hydroxy equivalent:
236),

— Phenol resin 1: a phenolaralkyl resin having a biphenylene

10 moiety (Meiwa Plastic Industries, Ltd. , MEH-7851SS, softening point:

65 °C, hydrozy equivalent: 203),

-Phenol resin2: aphenolphenylaralkyl resin (MitsuiChemicals,
Inc., XLC-41, softening point: 65 °C, hydroxy equivalent: 175 °C),

- Pheneol resin 3: a phenol novolac resin (softening point:

15 80 °C, hydroxy equivalent: 105),

Spherical fused silica: average particle size: 20 um,

Triphenyiphosphine,

I

Coupling agent: y-glycidylpropyl-trimethoxysilane,

Carbon klack,

2 - Carnauba wax, and
- Low-stress modifier: average particle size: 5 um, a mixture
of NBR powder and talc.
«Evaluation method for physical properties of a cured resin composition
for encapsulating {a cured encapsulating material)»
5 -TMA (al, 02, Tg): a transfer molding machine was used to mold

a cured material having dimensions of 10 mm x 4 mm x 4 mm under the

conditions of a mold temperature: 175 °C, an injection pressure: 6.9



-Epoxy resin 1: a phenol aral kyl type epoxy resin having a 48

bi phenyl ene noi ety (N ppon Kayaku Co., Ltd., NC3000P, softening
point: 58 C, epoxy equivalent: 274), - Epoxy resin 2: an

ort ho-cresol novol ac type epoxy resin (Sumtono Chem cal Co., Ltd.,
ESCN195LA, softening point: 55 C, epoxy 5 equivalent: 199), -Epoxy
resin 3: a phenol phenyl aral kyl type epoxy 4%esin (Mtsui Chemicals,

Inc., E-XLC-3 fteni ipnt: 23C, h ivalent: 236), -
Phenol 1 esin 122 Agie ROFERARKDT PRaTar nadih gue b Bhar e PootBiat e
Mei Pl ast i tri Ltd. ., MEH.7851SS, i int.. 65.C
hydr oxy. equl vaTenE: Z503) POurEpi et e o s M SR EHERI R e ket T2
resin (M i sui - CUomals el B 5 oXh3:dL.a SRLLEN SRPALAL coBPelrcnce ot 50

. Lempera .
hydr oxy equi varent: enol resin 3: novolac resin

(sof tening pobAt;y ok B Crnd ik %¥v§g%{:%(nﬁ4e‘an&és 49%hd g2 PRSI ER 1y, and

fused silica: average particle size: - Triphenyl phosphi ne, -

Coupl i ng agent gl ¥s8 Melk ¥t @Ry At e (181 hoxysidiaseby readaybona bémekature
27 - Carnauba wax, and - Low stress nodifier: average particle size:

5 pm a nixtuee adfinkBRfpendeoranghdeaakclimsEual 4mrd amdneehod. f or

physi cal properties of a cured resin conposition for encapsulating

(a cured encapsul at i rgnoetlesiat yeduds {TWACal delamingd in acdordmsfeerith

nmol di ng machi ne was used to nold )
JISK6S11. A transfer moldingmachine was used tomold a curedmaterial
having dimensions of 80 mm x 10 mm x 4 mm under the conditions of a

10  mold temperature: 175 °C, an injection pressure: 6.9 MPa and a curing

time: 90 sec. The cured material was post-cured at 175 °C for 2 hours
and was subjected to bend elastic modulus measurement at 260 °C. Table

2 show the blending rates and the results. In the table, a blending

rate is in part{s} by weight.



a cured material having dinmensions of 10 nrmx 4 mm x 4 nmm under the
conditions of a nold tenperature: 175 C, an injection pressure: 6.9
49 MPa and a curing tine: 90 sec. The cured material was post-cured
at 175 C for 2 hours and was subjected to TMA neasurenent at a
rising tenperature rate of 5 &mn. Agjhermal expansion coefficients
at 60 C and 260 C on the TMA curve obtai ned was al and a2
respectivel yq d 5 a glass transfer tenperature (Tg) was obtai nedby
readi ng of f a?enperature at an intersection of tangent lines at 60 C
and 260 C. Bend elastic nodulus (260 C): determ ned in accordance
with JIS K 6911. A transfer nol di ngjsmchi ne was used to nold a cured

mat eri al hap‘i"rrg"m-rrms-ron?-cf-—e-e-mq?ﬁe FARR—% Am-uader the
45 1%751C C4n 1093% HonCtf eSsur e:

condi tions 0ot d enperatutie
6.9 MPa and EPRUSHY ¢ ire: 00 sed. THe turedSnhteriall was pbst - cur ed
at 175 C for Pﬁxﬁét?jnﬁ _aad was_subjlected {0 béfd el astilc ni@du| us
measur enent E?OX9Fﬁ$'n(3 Tahle 2 Sh w the blending raies and the
results. In [Phesckratw & a blending| ratde {s i mipart (&) |by wei ght. 50
Tabl e 2 Tabl|Bhepoi@esih £-2 C-3 C-4 Hpoxy resinzd 7.3 7. % Epoxy|resin 2
1.0 12.1 EgBhepolirega 8 3 6. 0 Phenol| resin]Y 472 T T 470 Pgnpl resin
2 3. 3 Phenol|sgtesianiudedkiiBa 87.5 86.0 89.0 80.0

Triphenylphosphine 0.2 0.3 0.2 0.3

Coupling agent 0.3 03 0.3 0.3

Carbon black 0.3 0.3 0.3 0.3

Carnauba wax 0.2 0.2 0.2 0.2

Low—~stress modifier 20

a1 [ppm/°C] 9 11 8 14

&2 [ppm/°C] 38 40 31 55

Tg [°C] 130 125 135 150

Elastic modulus E (260°C) [MPa] 800 1100 1500 1000

@2 XE 30400 44000 | 46500 55000

Package evaluation methoed

Examples 1 to 4 and Comparative Examples 1 to 7
5 There will be described a method for assembling a package and
an evaluation method. The results are shown in Table 3.
«Applicationof a resin composition for buffer coating to a semiconductor
chip»
The prepared resin composition for buffer coating was applied
10 on a slicon wafer formed a circuit by using a spin coater and dried
on a hot plate at 120 °C for 5min, to give an applied filmwith a thickness
of about 10 gm. The applied film was exposed at 300 mJ/cm? through a
reticule by an i-ray stepper exposing machine NSR-4425i (Nikon
Corporation}. Then, the film was heated on a hot plate at 100 °C for
15 4 min, to accelerate a crosslinking reaction in the exposad area.

It was then immersed in limonene for 30 sec, todissolve/remove



Spherical fused silica 87.5 86.0 89.0 80.0 Triphenyl phosphine 0.2
0.3 0.2 0.3 Coupling agent 0.3 0.3 0.3 0.3 Carbon black 0.3 0.3 0.3
0.3 Carnauba wax 02 0.2 -02 -0.2 Lowstress nodifier 2.0 a l
[PomIC] 9 11 8 14 a'2 [ppm C 38 40 31 55 Tg [C] 1330 125 135 150

El astic nmodulus E (260C) [MPa] 800 1100 1500 1000 a 2 X E 30400
44000 46500 55000 Package eval uation netthod Exanples 1 to 4 and
Conparative Exanples 1 to 7 5 There will be described a nethod for
assenbl i ng a geckageosatipaan exdlthat irdnsedwhiddisddrepyesikdisolafer 8hesa.
in Table 3. <<Application of a resin conposition for buffer coating
to a sem condisgisequerthiyp>xt Vhe greepae@dhetsi rpatbeposisi bimedr buf fer
coating was applied 10 on a slicon wafer formed a circuit by using a
spi n coater and dri e8he gycldapeipnaesinfimperatrestes bioxysebP e Wing
applied filmw th a thickness of about 10 pm The apglled filmwas

exposed at 300 PHBFRHEERSUGRPY E”’rléppcﬂoé‘yﬁﬁ%ﬁ Fogygy Cet dffflet under the
exposi ng machl ne NSR—4 5| N| K or,a Then he fil

heated on°a HEHOBFAE e PR o Wl shrrlirare: 108 o,
crosslinking rea on_in t LEX osed a en [mer n

| i ronene for f§% g‘%‘% frg}tromIo SSoP v/ TNV CFufgfortﬁBl‘épulﬁself 086t Sﬁgr E,lsc%?\)d

then rinsed with isopfapydo-aifaleb 1A% AR£IEE ouad Flat Package) was mounted

a buffer-coated semiconductor chip (a size of the semiconductor chip:
7 mm x 7 mm, a thickness of the semiconductor chip: 0.35 mm) via a resin

0 paste for die bonding, and it was cured in an oven under the curing
conditions: rising from room temperature to 175 °C for 30 min and then
maintaining at 175 °C for 30 min. A thickness of the cured resin paste
was about 20 um.

«Method for mounting a semiconductor chip using a resin film»

15 On one side of an adhesive film is attached the rear surface
of a wafer with a thickness of 0.35 mm at 150 °C, to give a wafer with
an adhesive film. Then, a dicing film is attached on the surface of
the adhesive film. The semiconductor wafer with the adhesive film was
diced (cut) by a dicing saw at a spindle frequency of 30,000 rpm and

20 a dicing speed of 50 mm/sec to give a 7 mm x 7 mm semiconductor chip
wii:h the dicing £filmand the adhesive film. The dicing sheet was pressed
up from the rear surface to peel the dicing £ilm from the adhesive £ilm.
The resulting semiconductor chip with the adhesive film was die-bonded
by pressing it to a 160-pin LQFP at 200 °C and 5N for 1.0 sec, and then

25 curedinanovenunder the curing conditions: rising fromroomtenperature
to 180 °C for 30 min and then maintaining at 180 °C for 60 min.

«Process for molding a package using a resin composition for



Consequently, it was observed that a pattern was fornmed. The cyclic
olefin resin filmwas treated by oxygen plasma using a plasna
machi ne (OPM EMLO00O, Tokyo Ohka Kogyo Co. Ltd.) under the 5
conditions of output: 400 W period: 10 mn, oxygen flow rate: 200
sccm <<Method for nounting a sem conductor chip using a resin
paste>> On a 160-pin LQFP (Low Profile éﬁad Fl at Package) was nounted
a buffer-coated sem conductor chip (a size of the sem conductor chip:
7 mmx 7 mm egcddautkniesgs of the sem conductor chip: 0.35 nm) via a
resin 10 paste for die bonding, and it was cured in an oven under the
curing conditions: AlieSrpinFQEEmitivasztierpencitancip gad Eagstbategdnedded
and then maintaining at 175 C for 30 mn. A thickness of the cured
resin paste wisaakelt pastear resivbEhbyusng aduRBSIRT BPISERY S8R Yider
chip using a resin filn 15 On one side of an adhesive filmis
attached t hethegendifribage modfl temparaturat 1 SaCr NORABEY BFSTFISS: (P AfF2
150 C, to give a wafer with an adhesive film Then, a dicing. filmis
attached fon ehd CHEABEENDT F0t9RS, ot PR PPRFTRUCPHA S &iP confdlict diPurs to
wafer with the adhesive filmwas diced (cut) by a dicing saw at a
spindl e freqfefiey 836000 rpm and 20 a dicing speed of 50 mm sec to
give a 7 mm e[ I\ 2SIt GORGNGLOr o By i DotNS, dhelaignbLl m and the

e up t

adhesive film icing Sheet was presse romthe rear surface

to peel the dicing filmds amide agdhasived thmcedThtidessd tofiditions of
sem conductor chip wth the adhesive filmwas di e-bonded by pressing

it to a 160-pkRc LLFRoat 2R iGe ﬁﬁﬂitﬁmyfﬁr o On S 86 ardigh thems 85 sauletive

in an oven under the curing conditions: rising fromroomtenperature
to 180 Cif or n3Ridicy ssd1thenBus®i ahaithiend@atdé8®byCIRk arefbis 260 °C) for 10

<<Process for nolding a package using a resin conposition for 52
sec. The samples were observed for inner cracks and various interfacial
delamination by an ultrasonic test equipment. When the location of
interfacial delamination was identifiedbyanultrasonic test equipment
, the location thereof was identified by cross-sectional observation.
15 Packages with an inner crack or at least one of various interfacial

delamination were rejected as defective. When the number of defective

packages was "n", it was expressed as "n/16".

Table 3
Table 3
Exzmple Comparative Example
b 2 3 4 1 2 3 4 5 5 7
Buffer coat material A-1 Q Q Q O } None | None Q @] O [e]
A-2 o
B-1 o G s} O
Die bond material B-2 O
ie bond materia oa 3] o) 5 8] &
B-4 O
c-1 O 8] 0 o] O Q 0]
Seal G-2 o] O
ealer o o)
C~4 8]
Anti-solder reflow resistance Die top delamination 0/16 | 0/16 | D/16 | 0/16 TEZQ & "Jii)‘ﬁ 1%)16 0/16 § 16/16| 0/16 { 0/16
{85°C/G0%RH/168hrs) Die-attach Jayer delamination o/16 | 0/16 | 0716 | 0/16 | 0/16 | 0/16 | 0/16 | 0/16 [ 16/15| 16/16 | 16/16
Die pad delamination 0/16 | o716 | o215 | o716 | 0716 | 0/16 | 0/16 [ 16/16] 16/16] O/16 | 16/16
Anti-solder reflow resistance Die top delamination 016 | 016 | o/15 | ores | 18| 180 18738 varss | 16716 | ov16 | oo
{B5°C/85%RH/168hrs) Die-attach layer delamination | 0/16 | 0/16 } O/156 | 0/16 | 16/16| 0/16 § 16/16 16/16} 16/16 [ 16/16 | 16718
Die pad delamination o/16 | 0/16 | 8716 + 2/16 | 16/16| 6716 | 16/16| 167161 16/18} 16/16 | 18/16

(%) was showed that a circuit in semiconductor chip was damaged .




encapsul ati ng>> A 160-pin LQFP with a sem conductor chip was

encapsul ated/ nolded wth a resin paste or resin filmusing a

transfer nol ding nmachine under the conditions: nold tenperature: 175
C, injection pressure: 6.9 MPa 5 and curing time: 90 sec, and then
post-cured at 175 C for 2 hours to give a sanple. (<Evaluation

met hod for anti-solder reflow resistange>> Each of sixteen sanples

was treated under the conditions of 85 C and 60 %relative humdity
for 168 hours and 85aCetén8bcbrRivaté Menurhot bt adicbyd frartclh8s howdsion
and then treated by IRreflow (260 C) for 10 sec. The sanples were
observed for dxpapit<csackiemnshtiasbois: tattlew tasi slancdehdnidiatrirenidy ldny
ul trasonic test equi pnent. Wien the location of interfacial

del am nat i on wmascudentsi fisied bylean-ftde asdirc beestscegbépment usedt Aecured
| ocation thereof was identified by cross-sectional observation. 15
Packages wi t lresanieomppsttiamekfor bafféeaontong of cwred vesin aeepdsasien for
del am nation were rejected as defective. Wen the nunber of defective
packages fas digbondinggad axpired Fegiasomprsigion faprPaCaPSPABF R EREhaEe
Conparative Exanple 1 2 3 412 345 6.7 PBuffer coat material A-1 0
0 0 0 None NGif&telp RFoperides gucipas ep RIGSEHTEPYHY material 8-2 0
B-4 0 GC100000



Sealer G2 0 O0OC30 B300td160/16 OO C4 0 Anti-solder
reflow resistance Die top delam nation 0/16 0/16 0/16 0/16 16/ 16 0/ 16
16/ 16 0/ 16 0/16 (85c/60%RH 168hrs) Die-attach | ayerdel am nation 0/ 16
0/16 0/16 0/16 0/16 0/16 16/ 16 16/ 16 16/16 D e pad del am nation 0/ 16
0/16 0/16 0/ 16 0/ 16 16/ 16 16/16 0/ 16 %6/ 16 Anti-solder refl ow
resistance Die top delam nation 0/16 0/16 0/16 0/16 16/ 16 16/ 16 16/ 16
0/16 0/16 (11 *1 (85C/85:RH 168hrs) Die-attach |ayer del am nation
0/16 0/ 16 O/ ¢8nfMsl6 16/16 O/ 16 16/16 16/16 16/ 16 16/16 16/16 D e vad
del am nation 0/16 0/16 8/ 16 2/16 16/16 6/16 16/ 16 16/ 16 16/ 16 16/ 16
16/16 (*) was showed that a circuit in sem conductor chip was
damaged. 53 A sem conductor device manufactured according to this

i nvention exhi bits excalismtoadidtosodaere riesimbdwyr phchgnt eembebnductor
hi gher reliability in mounting using a |ead-free sol der because
there are usetipvwbosedurimsi s conpubiitioa choed sasirecompnstitign far Sufter
resin conposition for 5 die bonding and a cured resin conposition for
encapsul & i ngeatriocen Ravas! ieer teach Iprepeia periredresas qopresdopctor die
modul us. 54 CLAIM5S 1. A semniconductor device forned by placing a

seni conduct oPONEHIGARFhYEEPERITEEY F16 SBRCRUMGTOR CRIR GRedierReg) HT the 1ead
conposition for buffer 5 coat.i n%8on a Jn a lead, franme

d .
cured resin &oAPOSIL f OO THE W%&E%ﬁ&ogn%%‘ﬁgﬁ]ﬂaﬁlﬁla’t%nleeq“ej%n
o oot Of PP el AEROLAR Il Dy S AT Y AEUEPHL Bl lastic
r ure

B4
conposi tion for encatps?u?%fil ng, yl;\lhe I'n ec resin cofrposition
for butfer coalifNg N2syaN:8hasd :Co gpa both inclusive at 25 °C;

10 the cured resin composition for die bonding has an elastic
modulus of 1 MPa to 120 MPa both inclusive at 260 °C; and

the cured resin composition for encapsulating has an elastic

modulus of 400 MPa to 1200 MPa both inclusive at 260 °C and a thermal

expansion coefficient of 20 ppm to 50 ppm both inclusive at 260 °C,

5 and the product of the elastic modulus of the cured resin composition
for encapsulating and thermal expansion coefficient of the cured resin

composition for encapsulating is 8000 to 45000 both inclusive.

2. The semiconductcr device as claimed in Claim 1, wherein
2 the resin composition for buffer coating comprises an addition
(co) polymer containing a structural unit derived from a norbornene type

monomer represented by general formula {1):



nmodul us of 0.5 GPa to 2.0 GPa both inclusive at 25 C, 10 the cured
resin conposition for die bonding has an elastic nodulus of 1 MPa to
120 MPa both inclusive at 260 C, and the cured resin conposition for
encapsul ating has an elastic nodulus of 400 MPa to 1200 MPa both
inclusive at 260 C and a thermal expansion coefficient of 20 ppmto
50 ppm both inclusive at 260 C, 15 and5sthe product of the elastic
nodul us of the cured resin conposition for encapsul ating and thernal
expansi on coeff,i ci gf. the cured resin conposition for
encapsul ati ng i{5~8 0 45000 both inclusive. 2. The sem conduct or
devi ce as cl ai med gl'aim 1, wherein 20 the resin conposition for
buf fer coating éomprises an addition (co) polyner containing a
structural uni d froma norbornene type nononer represented
by general formnul K): 55 X X (t) n R2 R3 R4 (wherein Xs
i ndependent |y refregsent 0, @R or (CH) 2, a plurality of Xs may be,
if present, the{Sane Oy different; nis an integer of 0 to 55 and Rl
to R4 i ndependent gprresent hydrogen, an al kyl -, al kenyl-, 5
al kynyl -, al | yl_- , aral kyl- or ester-containing organic group,
an ket one-con éig#ng rBani c group, an ether-containing organic group
or an epoxy-cont %iﬁ% organic group and RL to R4 may be the sane or
different in a plurality of structural units, provided that at | east
one of Rl to R4 in thendQhAksShAMSMEAL] PRihE bt @NCBRAXEHAQNE RN AtNG ty
10 organi c group).

of Xs may be, if present, the same or different; n is an integer of

QD
=
[

0to5; andR1 toR4 independently represent hydrogen, analkyl-, alkenyl-,
5 alkynyl-, allyl-, aryl-, aralkyl- or ester-containing organic group,
an ketone-containing organic group, an ether—containing organic group
or an epoxy-containing organic group and Rl to R4 may be the same or
different in a plurality of structural units, provided that at least
one of Rl to R4 in the total structural units is an epoxy-containing

10 organic group}.

3. The semiconductor device as claimed in Claim 1, wherein
the resin composition for die bonding comprises one ormore thermosetting
resins selected from the group consisting of hydrogenated bisphenol-A

16 type epoxy resins, 1,4-cyclohexanedimethanol diglycidyl ether,
1, 4-butanediol diglycidyl ether, 1,6-hexanediol diglycidyl ether,
dicyclopentadiene type epoxy resins and compounds having a

radical-polymerizable functional group within a molecule.

20 4. The semiconductoeor device as claimed in Claim 1, wherein

the resincomposition fordiebondingcomprisesapolyimide resinprepared



3. The sem conductor device as clainmed in Claim1l, wherein the resin
conposition for die bonding conprises one or nore thernosetting
resins selected fromthe group consisting of hydrogenated bi sphenol -A
15 type epoxy resins, 1,4-cyclohexanedi nmethanol diglycidyl ether,

1, 4- but anedi ol diglycidyl ether, 1,6-hexanediol diglycidyl ether,

di cycl opent adi ene type epoxy resins am$ conpounds having a

radi cal - pol yneri zabl e functional group within a nolecule. 20 4. The
sem conduct olbydewWdgcasicbbat ited résctGoal o8 et vhemebrylidaidesideide and a
conposition for die bonding conprises a polyimde resin prepared 56
by a pol ycondensatdpehysidactne nepfesatuedchay bexytrilc fdiramtsyde)l de and a
di am nopol ysi | oxane represented by general formula (2): R3 RS 1k22
NH2Ri --i(2) 4 ~6 (wher |n R1 angd R2 i ndependently represent an

al i phatic 5 hydrocarbo gr up h&bi g 1 to 4 carbon atons or aronatic
hydr ocar bon; and 5 an i ependently represent an
aliphatic hy T“S&hrocarb Q)haV|ng l1to4
carbon atons) and an a ona |c r Hdphatlc dlanlng and one or nore
epoxy resins selected qon1the Boup consisting 10 of cresol novol ac
type epoxy conpounds, phenol novol ac type epoxy conpounds,

bi sphenol - A type diglycidyl ethers, bisphenol-F type diglycidyl

et hers, bi sphenol - A epi chl orohydrin type epoxy conpounds, di phenyl

ether type epoxy conpaunds, £i phgny! ﬁc)(éif‘en%@ﬁ&% %@g%%ﬂ@sa@%qiphatic
hydr ogenat ed bi sphenol -A type epoxy conpounds. The
sem condugt Ofhydeyt680A%religiEREnd N €3 al FArbon WMeREIdY aromatic hydrocarbon;
and R3, R4, RS and Ré independently represent an aliphatic hydrocarbon
group oxr aromatic hydrocarbon having 1 to 4 carbon atoms) and an aromatic
or aliphatic diamine, and
ong or more epoxy resins selected from the group consisting
10 of cresol novolac type epoxy compounds, phenol novolac type epoxry
compounds, bisphenol-A type diglycidyl ethers, bisphenol-F type
diglycidyl ethers, bisphenol-A epichlorohydrin type epoxy compounds,
diphenyl ether type epoxy compounds, biphenyl type epoxy compounds and
hydrogenated bisphenol-A type epoxy compounds.
15
5. The semiconductor device as claimed in Claim 1, wheresin
the resin composition for encapsulating comprises,
oneormore resins selected fromthe group consistingof biphenyl
type epoxy resins, bisphenol type epoxy resins, phenolaralkyl type epoxy
D resins, phenolaralkyl resins and naphtholaralkyl resins, and

an inorganic filler in 80 wt% to 95 wt% both inclusive in the

resin ccomposition.



the resin conposition for encapsul ati ng conprises, one or nore resins
sel ected fronthe group consisting of biphenyl type epoxy resins,

bi sphenol type epoxy resins, phenol aral kyl type epoxy 20 resins,
phenol ar al kyl resins and napht hol aral kyl resins, and an inorganic
filler in 80 wt%to 95 W% both inclusive in the resin conposition.
57 6. Aresin conposition for buffer coa ing used for a

sem conduct or devi ce fornedbypl aci ngasem conduct or chi pwhose surface

is coated with a cured f a8k, CQIRESLLIRAN s6OLuBYES RbaE0R] LBEJ Ofbraa pad
in alead frame via a cured resin conposition for die bonding and 5

encapsul at i Ngsdrheos@iBice © AgvHdHorabl By fradihg apatli tdhdubeot @ag whbaaBulAce
a cured resin conposition for encapsul ating, wherein the cured resin
conposi ti on fier chafddewidoat mgechassian cehastiicton fod Wufsenfcdaibngea 4 gad
2.0 GPa both inclusive at 25 C. 10 7. A resin conposition for die

bondi ng used fror textdiremmdiet arcumdviesnf opmeegibyorplfaci dig onding and
sem conduct or chip whose surface is coated wth a cured resin

conposi ti bn fancabsf¥ading odts Agniswndugad Fhimorady pad anetha dead duper) by
resin conposition for die bonding and encapsul ating _the,

seni conduct or? EHER FieSERCTHTRESE R AT hECT SRFPFRIFE 1By &TEHPEY resin 15
conposition for encapsul ating, wherein.the cured_resin co ositiog .
for die bonding has 2R¢ &PEET %SSl%ﬁmciﬁtb‘f’n %maiutf P11 SeRtwPe St 3 etastic

i nclusive at 260.T. resin c it for. encapsul atj.ng used for
a 29 senicondﬁ%?6?8d§§P£%(%6?ﬁ%dggﬁgg?5§§ﬁg”§ﬂ§5ﬁf%6ﬁﬂ%gtSr chip
whose surface is coated with a cured resin conposition for buffer
coating on a pad in a lead frame via a cured resin conposition for

di e bondipg and 7. A resin composition for die bonding used for a semiconductor
device formed by placing a semiconductor chip whose surface is coated
with a cured resin composition for buffer coating on a pad in a lead
frame via a cured resin composition for die bonding and encapsulating
the semiconductor chip on the pad in the lead frame by a cured resin

15 compesition for encapsulating, wherein
the cured resin composition for die bonding has an elastic

modulus of 1MPa to 120 MPa both inclusive at 260 °C.

8. A resin composition for encapsulating used for a

20 semiconductor device formedbyplacing a semiconductor chipwhose surface
is coated with a cured resin composition for buffer coating on a pad
in a lead frame via a cured resin composition for die bonding and
encapsulating the semiconductor chip on the pad in the lead frame by
a cured resin composition for encapsulating, wherein

5 the cured resin composition for encapsulating has an elastic
modulus of 400 MPa to 1200 MPa both inclusive at 260 °C and a thermal

expansion ceoefficient of 20 ppm to 50 ppm both incilusive at 260 °C,



encapsul ati ng the sem conductor chip on the pad in the |lead frane by
a cured resin conposition for encapsul ating, wherein 25 the cured
resin conposition for encapsulating has an elastic nodulus of 400
MPa to 1200 MPa both inclusive at 260 C and a thermal expansion
coefficient of 20 ppmto 50 ppm both inclusive at 260 C, 58 and the
product of the cured resin conposition §®r encapsul ating and thermnal
expansi on coefficient of the cured resin conposition for

encapsul at i n@gndstHi30Pbduet4S000e hatrhd i sl tiSdotgosition for encapsulating and

thermal expansion coefficient of the cured resin composition for

ancapsulating is 8000 to 45000 both inclusive.



