RESI N COMPCSI TI ON AND SEM CONDUCTOR DEVI CE PRODUCED BY USI NG THE SAME
Technical Field The present invention relates to a resin
conposition and a sem conduct or device using the sanme. Background Art
Aim ng at inprovenent on productivity in a die-bonding process, in

t he production of sem conductors, the in-line curing nmethod in which
a die bonder, a wire bonder and the |ike are arranged on the sane
line is enployed and it is tending to be nore widely used from now

on. Hence, in conpagg | ttach
paste in the conventlonal#yS errpTg)k/BEeq Hﬁ%t%%@%ﬁoﬁ ]r?‘gb?%%w red for
curing is significantly I|mn&m@cgﬁogyeﬁgﬁﬁﬁfwgﬁm§ﬁugespect to the
conventional oven curingnmet hodwherein curing is perfornmed at 150 to
200 C for 60 to. 90 mnutes, curing is required in a short time such
as at 150 to 200 C for 15 to 90 seconds in the case of the in-line
curing net AsghpienrlRipdsl e, see Japanese Patent ApplicationLai d- Open
(JP-A) No. 2000-63452) . Wth the enhancenent of the processing speed
of

The present invention relates to a resin composition and

a semiconductor device using the same.

Background Art

Aiming at improvement on productivity in a die-bonding
process, in the production of semiconductors, the in-line curing
method inwhich adie bonder, awirebonder and the like are arranged
on the same line is employed and it is tending to be more widely
used from now on. Hence, in comparison with a curing condition
of adie attach paste in the conventionally employed batchmethod,
time required for curing is significantly limited. For example,
with respect to the conventional oven curingmethodwherein curing
is performed at 150 to 200 °C for 60 to: 90 minutes, curing is -
required in a short time such as at 150 to 200 °C for 15 to 90
seconds in the case of the in-line curing method (for example,
see Japanese Patent ApplicationLaid-Open (JP-A) No. 2000-63452) .

With the enhancement of the processing speed of
semiconductor devices, a chip surface layer which is weak in
mechanical strength is growing popular. In order to decrease
stressagainst thechipsurface, it is required tominimize warpage
of a semiconductor chip due to the difference in thermal expansion

coefficient between the semiconductor chip and a copper frame.



sem conductor devices, a chip surface |layer which is weak in

mechani cal strength is growi ng popular. In order to decrease stress
agai nst the chip surface, it is required tom nim ze warpage of a
sem conductor chip due to the difference in thermal expansion
coefficient between the sem conductor chip and a copper franme. Al so,
it is required to prevent oxidation of the copper franme. Thus, for
conplying with these requirenents, the curing process in |ow

t enper at ur ev1iss, desi {€Gequired td rbﬂe%ﬁ%'&&d!ﬁlbont Be &RO@pper frame.
requi renents of shorteni ng of curing time and | owering of "Curing

t enper at ur &hushefer icompigt herwiphobhess rehiithenenis r ehyi wenent podcess
thermal nanagenment. Wth significant increase in capacity and
processi ng idpded srPMBeR?twrRIUE clespreduct s and noving towards finer

design rule, a problemof heat which generates during operation of
seni conduct or pr C;dhEFg]aF%OIbé’d'&Hl hig® @b%ﬂien’é?ﬂu’s‘i?r‘teﬁé‘ts ?g tﬁ'{:}‘lf’ﬂeo
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sem conductor pr oducts are general ly enpl oyed. However, 1t is desired
for materi aigntigechnvhiiclvreasds ireatapassiypathdg pmmﬂeessngo dped of
hi gher thernal conductivity. On the other hand, sone forns of
seni conductssitigepduetsr mpdwqt@mﬁadgmz@ana@mms éfmlsrl dewidn rylporml
to a heat rs*jp&?ﬁder de of , netal gt spreader to bgnd to a. die
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the like such as a thernal via or the like. H gh thermal conductivity
is also requi Aegorbanhe.swaiesr i Bénad ckabonds @ semtdrrhictéssthaping

such a case. In this manner, high thermal conductivity is requjired to
di e attach W@F?al%‘c@r ar?atléer"‘l%l@lfeiﬂd%émdlhr?@theﬁd{nkél & g4t ntke on
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a substrate, often required to have bonding in |arge area, and al so
requi red tdchdagel bigber esisepradperinguchiviter to suppress warpage or
the like due to different thernmal expansion coefficients anong
conponent nenber £n the othepdignder SoRe KISy ofhephForBIdRtt w@ducts

adhesi ve has SQIe rob ens f ol Iovvs For see JP-A )
11- 43587) nera Serfwh rfﬁi Slﬁﬁ% ét%pta?ng ets0 gul‘(’: 2 Spﬁ%?%?r

fillers Su%o@ gi Ilne\!@rﬁl %V\@ﬁ%é §]_9£’é3£d I € d Yors8bank €
fillers such asoal um nu{)n ni tere boregg@r&ftsé?get%:& ?kgkﬁg‘ﬂ kgoare added

to an organd deaidndeameftd héhitihghl yenbesmdlctaanduepi ve siddediovnded] or
hi gh containing rate. However, since there is a limt in containing
anount , ther digrracpestsiomil ekrpra hérive peokete siwifege camAdttheerve

obt ai ned Al so, thou h the highly thermal conduc¢tive adhesive
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| ar ge anbundorefudthetowl by ansductqwergimriac ciies mdteerielamadicaskbentibab
| ow stress property is insufficient due to high containing rate of
the ther naldgriconductryeclpar inclugh a case. LiokhiRgnagtriear, hibghl thazmal
part of considerations for the environpent, since it has becone to

use a | ead-FFEBICLIVAEY 18 HPEVIRS tPOFIRtiMtaNgmBhe R 3Ly Jpserials

for bonding heat dissipating members. At the same time, the die



paste at present, curing can be perforned in about 60 seconds by
using am ne type curing agents or the |i ke, however, curing in a very
short tinme such as 15 to 30 seconds is not handl ed yet. On the other
hand, it is known, for exanple, in the following arts that adhesion
particularly with netal inproves by using conpounds having an imde
group such as maleimde or the like. That is, Japanese translation
of PCT international application (JP-T) No. }lei. 10-505599, JP-T No.

2000- 51449 X 4
2001- 261938 S JB A . 3002, S0TBE " Fosever TRAT© AE Ul Cav ki Bes

that wat er malsef Ptadren rpfePesd Y cObnduféllede Pl 6/ Usio RRGOPESF St WRRR
an imde conpound is used solely so as to deteriorate properties of a
cured prodacterdfbedunbes pupduabsenmghindredsime subsitde te poftendsdudved
hi gh polarity. Also, when it is used together with other conponents,
it is nece§S et@@d@%&ﬁa@#@%eﬁaﬁpﬁglﬁpﬁﬁwr@ﬁttcyh@’ﬁeéPH@rtrleéS
m x unifornly. e added conponents Jarl
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rai sed refl ow tenperature due to the change to | ead-free sol der, and
moi sture respslemeas follows AFog, ezampleer isge WhtEMNchasBebetXlerd3587) .

adhesion to N -Pd plated frames than conventionally used die attach
past es (fofeBRREMpH¥e, tEeENaPLACREIUODHDR Pasileles sasha BrEahtl iidwrs

stress prope w el asti and does not
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i nventi on has been achieved in |ght of the above-stated conventi onal
probl ems. 2ofan sirgabjiechirodert be piiesehlyniieatndn dondtiot prowidiesdve

resin conposition which is excellent in quick curing and can be used
for curing2FnhighreeHiaiedag yaﬁged Epnayer, agdnge seheednduc drmdévul@e

whi ch | ent h l.d K
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to provide a resin conposition which has a sufficient [ow stress
property, gandshehesnoainaigy predajabhyusyed sehterbl aadingoptapesns,l
and a sem conduct or device which is excellent in reliability when the
resin corrp@gmiv@w‘rnstm@@ Faslegcyred arp@@ﬁtnﬁherﬁtartefmersetrnéomu@te@r

or amateri for bondin heat di ssipatin e
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reliability can be obtained by using the resin conposition: Conpound

(B): coudd cmpadnc damyai anawgitac s tihectuial éyrapresdrivedpdnt tdies,
followng formula (1) in a main chain and having at |east one

f unct i onal tBEBEFGepredRfthed bYW tHEBE PERH Y e {Ehciens dg &0
(1):

high centaining rate of the thermally conductive particles.
On the other hand, as a part of considerations for the
environment, since it has become to use a lead-free solder as
a solder for mounting on a substrate, reflow temperature needs
to be raised compared to the reflow temperature when Sn-Pb sclder

has been used. Because the use of such a lead-free solder causes



RH T-(1) wherein X1 is -0-, -000- or -0000-; Rl is a hydrocarbon
group having 1 to 6 carbons; "nf' is an integer of 1 or nore and 50 or
|l ess; and if the fornmula contains two or nore parts which are

denot edbyt hesanesynbol , eachof t henmmaybet hesaneordi fferent from each
other; Formula (2): CO\\ /N--R3---000---- (2) CO wherein R2 is
-C2H2- or -C2H4-; R3 is a hydrocarbon group having 1 to 11 carbons;
and if the fornula contains two or nore parts which are denoted by

t he sane sY, nbol %fh of the

(e 3aTe YRl oapl oL LHETL R Do LU SO0E 0L o L7 sk Lo gach

e s e ol L koL g e

11R4- - - CO £{n&R: 0PRGrote X2 R64herefore, even higher reflow resistance
{high reflow reliability) is demanded to constituent materials
of semiconductor products than ever.

Further, at present, abolition of lead from semiconductor
products is in progress as a part of considerations for the
environment. The case i1s increasing to .change plating of lead
frames to Ni-Pd plating in order to exclude lead from outer lead
plating of semiconductor products. Incase of Ni-Pdplating lead
frame, there is usually very thin gold plating {gold flash} on
the surface tobe stable. However, adhesion strength of a surface
decreases in comparison with a normal copper frame with silver
plating or the like because of smoothness of Ni-Pd plating and
presence of gold ¢on the surface. Thus, there are cases that a
surface of Ni~Pd plated frame 1s chemically or physically
roughened to improve the adhesion strength. However, such a
roughened surface often causes resin bleeding of die attach paste
which leads to serious problems such as decline in package
reliability.

In relation to the above-mentioned problems, in case of
epoxy resin type die attach paste, which is a major die attach
paste at present, curing can be performed in about 60 seconds
by using amine type curing agents or the like, however, curing
in a very short time such as 15 to 30 seconds is not handled,yet.

On the other hand, it is known, for example, inthe following
arts that adhesion particularly with metal improves by using

compounds having an imide group such as maleimide or the like.



, TO00R5---N_,, 110R4 (3) wherein X2 is -0-, -000- or -0000-; each R6
is hydrogen atomor a nmethyl group; each Fe is a hydrocarbon group
having 1 to 11 carbons; each R6 is a hydrocarbon group having 3 to 6
carbons; "n" is an integer of 1 or nore and 50 or less; and if the
formula contains two or nore parts which are denoted by the sane
synbol, each of them may be the sane or different from each other.
The resin conposition of the present invention conprises the filler

(A), the ceppoynd (B).and ‘:an% iO?ErLo'faﬁ%filnt'e hhtabety (a%lﬁﬁﬁt%%n

essential conponénts, and furt er optlona conponen

added. Anongp-ecpnbiidat Hehs aob- susm@,sswti- akoconponeni s4and opty onal
conponents, there are first to sixth conposition systens as

parti cul ar?80ToreREBab| EPdonPositi-dN$4561)IxH Net 20D Ipa$ilLBBrarsl §Pemn
A first conposition s sten1conpr|ses at least the filler (A), the
conmpound (%’ %?1298 fral FoRfEH- |t|lil|eﬁ-”lea?6? @GE%WJQB(‘H@Sf PREWHABSX
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chain and having at |east one function group g a polyneriza

C- C unsat upasdckthants r oL stlfe d83orptilonSifid lmzc(élq\_ox\ﬁmrmma@e h$gh
-0-, -000- or -0000-; R7 is a hydrocarbon group having 3 to
carbons; "poldmitan |hl%<g.e|whef1 it &% usedeteyed 8@ with esher amdlpphenh&,

formula contagins two or nore parts which_are denotedby the sane
synbol , eath 15f "eFeFIvay be 29 CORRRNBRLYiPRVePEiFt Rlaathy diheFder

(2) A secop syst.e U it te
Conpri ses 0% TonBneFpERRy T B Ry ehese STETINarERARRER o Fhamiay Rt
radi cal inigdwad, ngrfJ@srti@@ ﬁom&r@i pPbatseh dvd ﬂslé.tﬁﬁi a%%%EB%E.BhO
system and a conbi nation of the follow ng conpound

fol | owi ng dorpouncte)) , Thelet datsi aldty been ot asamnmg:‘a@tplagt @ompound
pol ynmerization initiator: Conpound (L): A conpound (L) is a
conpound cRAE &I MG LYHE Ty okiadhestraciauhardeppebest erishytages such

,for mil a (112 NI:L—P% prJTf tecf@?‘:gglegnodr Qﬁgllnlqce, Icw?assw‘::[reosnsepJ‘C:’oﬁ‘/é:rltd | gg.r?g :
increase of stress caused by raised reflow temperature due to
the change to lead-free solder, and moisture resistance.
Also, amaterial which has better adhesion to Ni-Pd plated
frames than conventionally used die attach pastes (for example,
see JP-A No. 2000-273326), has excellent low stress property in
terms of lowelasticmodulus, and does not generates resinbleeding

is desired, however, there has not been satisfactory material.

Disclosure of Invention

The present invention has been achieved in light of the
above-stated conventional problems. A first object of the
present invention is to provide a resin composition which is

excellent in quick curing and can be used for curing in

| e

n



Formula (11): t5)r(11) wherein X7 is -0-, -000- or -0000-; R15 is a
hydr ocar bon group having 3 to 6 carbons; nun is an integer of 2 or
nore and 50 or less; and if the fornmula contains two or nore parts
whi ch are denoted by the same synbol, each of themraybe the sane or
different fromeach other; Conpound (M: A conpound (M is a
conpound having a functional group which can react with the glycidyl
group of the conmpound (L). (3) A third conposition systemA third

conposi t i 0Bs/YSEEIBHRANRY LSES 6¥eﬂseaéﬁdt§“%ék&hbﬁau ?éfghevﬁeg &ﬁ&ﬂ%?ﬂ%d

(B), the thermal radical initiator (C) and the follow ng acry
ester conpesoel 1dnt inubstpatiildlitlyys et aﬁoﬁbfdéu‘&gaakFﬂuﬁﬂ%tance or the

polymerization initiator: Acrylic ester conpound (E): An
acrylic esiékeadepotinel reE)ni sompasdrrponnts vepreseat &k by tahb nfadidrdwilng
Formila (5%orF§g$2gé%éa%tor RT oy
A second object of the present invention is to provide
a resin composition which has a sufficient low stress property,
good adhesion and preferably excellent bleeding property, and
a semiconductor device which is excellent in reliability when
the resin composition is used as a die attach material for
semiconductor or amaterial for bonding a heat dissipatingmember.
The above objects of the present invention can be attained
by a resin composition comprising a filler (A}, the following
compound (B) and a thermal radical initiator (C), and
substantially not containing a photo polymerization initiator,
and a semiconductor device of high reliability can be obtained

by using the resin composition:

Compound (B):
a compound containing a structure represented by the
following formula {1} in a main chain and having at least one

functional group represented by the following formula (2):

Formula (1):

x'—R") (M
wherein X! is ~0-, -COO- or -0COO-; R' is a hydrocarbon group
having 1 to 6 carbons; "m" is an integer of 1 or more and 50 or

less; and if the formula contains two or more parts which are



(CH2=C-C-0 __2)71-0H (5) 0 (0)z wherein R9 is hydrogen atom or
a nethyl group; RO is a hydrocarbon group having 1 to 3 carbons; "x"
, "y" and "z" are in the relationship expressed by (x+y+z ) =3, 3.x3,
COy2 and Oz2; and if the fornmula contains two or nore parts which are
denoted by the sanme synbol, each of them may be the sane or different
fromeach other. (4) A forth conposition system A forth
conposition systemconprises at |least the filler (A, the conpound
(B), the tRensBkdbIHNA ard$ $rbd10r edd3) o ABReh Ry beldhW A@ el Yt adidr
conmpound (F), substantially not containing a pﬁoto pol yneri zati on
initiator: fAomykanhdetlmanpound (F): An acryl anmi de conpound (F) is a
conpound contai ning a

Formula (2):

4]
AN

2
R\ /N
co

R3-—C00 (2

wherein R? is -CHp,- or —C3Hs~; R is a hydrocarbon group having
1 to 11 carbens; and if the formula contains two or more parts
which are denoted by the same symbol, each of them may be the

same or different from esach other.

Among the compounds (B), a bismaleimide compound (B')
represented by the following formula (3) is a particularly

preferable compound:

Bismaleimide compound (B'}):
Formula ({(3):

CH——C0
[

GR"'—CO/

//00""—GH
™~

N—R*—C00—R? (x2 R69n—oco——R5——N
60—CR*

(3)
wherein X% is -0-, -COO- or -0C0O-; each R* is hydrogen atom or
a methyl group; each R® is a hydrocarbon group having 1 to 11
carbons; each R® is a hydrocarbon group having 3 to 6 carbons;
"n" is an integer of 1 or more and 50 or less; and if the formula
contains two or more parts which are denoted by the same symbol,

each of them may be the same or different from each other.



structure represented by the following formula (6) in a nmain chain
and having at |east one functional group represented by the foll ow ng
formula (7): Formula (6): (6) Forrmula (7): OH2=CR11l- CONH(1) wherein
X4 is -0-, -000- or -0000-; R10 is a hydrocarbon group having 3 to 6
carbons; R11 is hydrogen atomor a nmethyl group; "r" is an integer of
1 or nore and 50 or less; and if the fornula contains two or nore
parts which are denoted by the sanme synbol,. each of them nay be the
sane or different fromeach other. (5) Afifth conposition system

A fifth conposition systemconprises at |least the filler (A, the
corrpound (B), thhe hesimlcamdisdaliohndt itkkoprésgntandveheidwldonpiciges
ally' ester conpound SG) substantially not containing a photo

pol yneri zatheA il he¥i(@) erthegpannovast 65) aodpberidefGpl radical indgiakby|
ester conp havi n t one functional group

repr esent eg&gﬁsg QFET'%)&P grlfj?ni%rﬁ,fl %Pc%g‘iraél?—elfre &F quionagd.comPopRREE 8)
wher ei n ngaﬁ %eaagﬁg!ioc%@)&% QB@%EKE\Gn@g % §19c:h reggggl c‘(o%one?ﬁ:x'[ h

COI’TpOSI tion system conposli I on sys em conpri

| east the &hdlatioNal EBAPEMEROUNAHEBY, atberihgr wal siﬁ@& %@ngo@ltthahor

(©, the follow ng conmpound (H) and a reactive dil uent
subst ant i abyytend aomaaithicnyaal phat«r gralbjiee congd s O drie t| at or:
Compound (H):
(1) A fist composition system
A first composition system comprises at least the filler
{A), the compound (B), the thermal radical initiator (C) and the
following compound (D), substantially not containing a photo

polymerization initiator:

Compound (D} :
A compound (D) is a compound containing a structure
represented by the formula {4) in amain chain and having at least

one functiocnal group having a polymerizable C~C unsaturated bond:

Formula (4):

+X3_ R?_a;_ (4

wherein X° is -0-, -COO- or —-0C00-; R’ is a hydrocarbon group
having 3 to & carbons; "p" is an integer of 1 or more and 50 or
less; and if the formula contains two or more parts which are
denotedby the same symbol, each of themmay be the same or different

from each other.



A compound (H) is a conpound derived froma hydrocarbon having at

| east one C-C unsaturated bond in one nol ecule, which has a nunber
average nol ecul ar wei ght of 500 to 5,000, contains a structures
represented by the following formula (10) at its nodified position,
and has at |east one functional group having a polynerizable CGC
unsat urated bond: Formula (10): wherein X6 is -0-, -COO or

-0000-; R16 is a hydrocarbon group having 3 to 6 carbons; "t" is an
integer of 1 or nore and 50 or less; and if the fornula contains two
or nore parts which are denoted by the sanme synbol, each of themraybe
the sane on2¢i Af es€sia fduposathont Besten® resin conposition of the
present invention, particularly a resin conposition which belongs to
any of the abover rmnphdrreminpfdsisiionos@bﬁrdqcomppmms ronleast ehe,fillsler
excel l ent in adhesion stren? uick curability, noisture resistance
and | ow st lBss PR FAMRPUNES BPsot &Ihleéﬁ‘BFer?%l‘%ah]e idERERET M, dhE

i o AT RS RGeSl A

sem CO“dUCE@rtﬁ%‘ dﬂarll'%l EBE 8@&@' 18d 28N 62 Clto lnge}ébﬁgoﬁ d (M),

excellent in so crac reststance. As a fesu emc uct or
devi ce whi glibbsattt 041 1 nbel ¢@hidﬂri1&‘1gcé-fpkMOO§éByrﬁ&d.zatlon inMiS&kor:
anong the resin conpositions of the present Invention, the
conposition which belongs to the third conposition systen1exhibits
excel l ent bl eedin operty as well as good |low stress property and
good adhesFBWPO?%g E@ a seni conductor device excellent in
reliability can ai. ned usi ng. the re 05|t n

attach materi al ?%fgg&%eﬁgcéeﬁuc?or Ompo%)&ifoﬁé na%e?lgﬁ féglé?W%%%
di ssi pat i ngtvREREFe et Rhk3aANL PR IRlrml@h 21 DP8N S ﬁglﬁee@ﬁn BRst
Mode for Carrying Qut the Invention Herei nafter,

enbodi ment hefritheapriesestt dmevedycodyW dtodye expl ai ned | n m)re
detail.ln the present invention, "(nmeth)acryl"” denotes acryl and/or
met hacryl, and "(meth)acryloyl " denotes acryl oyl and/or

nethacrylo I cording to the present invention, a resin
conpositioﬁ §W6%?ff%%ntly suitable for as an adhesive for a

sem conductor chip or a heat dissipating menber can be provided,
wherein the r nposi tion c rlses at least a filler (A), the
follomnng rﬁ? %CB) and a t radical initiator (O,
substantlally not contalnlng a photo polynerlzatlon initiator:
Conpound (Bherein X' isa-@onpoeRiet eentaFaPny Bi°sts Lﬁ:thtyﬂefmepb@seqméw

by the fol omnn La.min chain and havin st .one
Dot Conal eV 4 Beiatadng) "Sret G oarReST i) oF ke a83°50 X

less; and if the formula contains two or more parts which are

denoted by the same symbol, each of themmay be the same or different

from each other;

Compound (M) :
A compound (M) is a compound having a functional group

which can react with the glycidyl group of the compound (L).

(3) A third composition system

A third composition system comprises at least the filler



Formula (1): -4-11-Rl1-Yri--C) wherein X1 is -0-, -000- or -0000-; R1
is a hydrocarbon group having 1 to 6 carbons; "ni is an integer of 1
or nore and 50 or less; and if the fornula contains two or nore parts
whi ch are denot edbyt he sanme synbol, each of themmaybe the same or
different fromeach other; Formula (2): COZR2 / NR3 COO (2) CO
wherein R2 is -C2H2- or -C3li4-; R3 is a hydrocarbon group having 1
to 11 carbons; and if the fornula contains two or nore parts which
are denot ethlby thaecompeandy fibol theddieran 1t trdnardyibit i 46k apd the

di fferent j;ro]1m each other, As the filler (A) used in the present

i nventi on, *SHIVENI pBFEETLT s SSECEN GYBRPUK cdBY ai nFHYP TR L heR Fof
is normall : 5 % ] resi mesition.. As the filler (A
besi des th%org%&&g'ﬁ%f 8%@%(%?16?%]} geglq‘&%%g\%ﬁe%rﬁl%lbaptﬁerr' powder, ni ckel
powder, palladi um powder, alum numnitride, boron nitride, calcium
carbonate, silica, alumna or the |ike can al so be used. When
usi ng t he Aitnicc pewder cogeneidl (B),: comercially avail able silver
powder (A) for electronic material may be used. As such silver
powder, reduced povrRierylis eateedqupaged ABU dshe EPReounct repackabted
Pr ef er abl rtic size is 1 to 3Q.pmin average particle size since
if the avg?lg&'ep;roﬁil{?f’éngi‘E%m?%lasrfgl)l:er than this range, viscosity of
a resin conposition beconmes too high, and if the average particle
size is larger than this range, it wll cause clogging of dispensing
nozzl e. Sitygkuiowder ot her than one for electronic material may

i nclude | arge anmount of ionic inpurity, thus, materials should be
carefully selected. Silver powder having silver containing rate of 90
Wt % or nore maysbe used pref ere(p)ey. Si | ver powder having silver
containing ratg of 90 wt % or no may be used as alloy of the silver
powder ang@t_ nef al howgver, silver pg er having silver
containin At & T ower . than ) bovHis no( pref erabl e as thernal
conductivity nmay decrease. The m may not be particularly [imted
and may be in a fldke-like foré’Rg herical formor the |iKke.
Preferably, silver powder in a flake-like formmy be used and

gener al | y watedimn@H i athydrogen 38 ont 84 ianmetinels pnoepmpdsist & diydrbtathen
containing rate of silver powder is |ower than the above, thermal
conduct i vi $5PURRRV P S bfe IO S r'Equi el et RTe 1R ShErELRFLPYShiy

be deter | orabadoin ) he, 0pnLal nlagt b8, 8 shlokeropander. Lo b ghes

than the a S [ d resim ¢ oSITi econe " 1roo

hi gh. contldinshews FARURAE paBY s GANA BLEGiahotbHUS) YHe LR e9RPLEM
by the formula (1) in amai ncﬁal n andhavi ng at | east” one functional
group repressdEntedd thyemt heyfioe nlea sad)e ozediffietdre: pireserbchnuehér on,

it is preferable that hydrocarbon Rl contained in a repeating unit of
the main chain does not contain an aromatic group. Al so, hydrocarbon
R1 may hav arbons, . however, it is preferable to limt in the

1ta 6 .
range of 3?'{)0 %%Oﬁﬁ’aFP’BW‘?ﬁbﬂﬂ}HP&?&Fﬂpn Rl to have 3 or nore
carbons, deteri@raLion ﬁmﬁ@igﬁgﬁﬁoﬁsﬁﬁ(ﬂg%g#ﬂ%ﬁ’s% at EHS%@ tﬁ{eogﬁfiefan

be prevented, and It 1s poOssi perti es such as adhesion
strength o{ayhehbidemnpeanba(rh t endeairRidranat £ii0des n sevat®: qondind eRei n
wat er treatnment such as PCT (the pressure cooker test) or the I|ike.
Hydr ocar bofo Rbviisigsatr tianhaleec Gnmoruride $5) c anbehanisiaildey nbt tdharteiateg
more carbons, hydrophobic property of a resin beconmes too strong and
adhesi on s? rRiffich Pod YReFtal i Qurifdddagprthe 1ike which is easily

oxi di zed such as copper or the like may deteriorate. A hydrocarbon

group having 3 or 4 carbons is nore preferable. In the
repeating [ ST 0 P - 0r,=0000- is contained as a part
represente aénlg;?nggﬂggggﬁ.(q)h'ey are necessary to exhibit

flexibility of aagusesypidictcodRdualsqry 0ibes i otpSHA Sb@nasigl AW
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Further, a repeating nunber "ni' may be in the range of 1 to 50.
However, if the repeating nunber "m' is 1, flexibility of a targeted
cured product may not be exhibited, thus, the repeating nunber may be
preferably 2 or nore. If the repeating nunber "nm becones nore than
50, viscosity becones too high and it is not preferable for practical
use. If a repeating unit satisfies the above condition, two or nore
ki nds of such repeating units nay be used or a copolyner with other
conponent ggyy, r‘ésféjpresented BHERDIEE1 1606 d fgfﬁﬁ%]?h g‘h ain chain
represented by the formula (2) is necessary to ex dResion
strength tené metalg platied ssuchac EusdehoRs) Stogs me%iﬁe%@nQéd by the
ni ckel / pal | adi unpl ating, and two functional groups may be preferably
cont ai ned fallbmenmlfesanda (7): Hydr ocarbon R2 contained in the
functional group may preferabl ybe-C2H2-. Hydrocarbon R3 cont ai nedin
the functional group preferably does not contain an aromatic group
and may haﬁiyﬁﬂyo(% carbons, and -CH2- is particularly preferable as
R3. nong th 3 conpounds (B), a bismaleimde conpound (B')
represented by the follomnng formula (3) is particularly preferable.
Bi smal ei m de % (B) man(3)<maanyM%cn1wu(x2
R6471 OCO-R5 @k 4 - 00" Gocra (3) wherein X2 is -0-, -000- or
-0000-; each R4 is hydrogen atom or a nethyl group; each R5 is a

hydr ocarbon group having 1 to 11 carbons; each R6 is a hydrocarbon
group havin g 3 to 6 carbons; "n" is an integer of 1 or nore and 50 or
less: and T IR 1P iul a contains two or nore parts which are

denot ed by the sane synbol, each of them may be the same or different
from each ot her. The bi smal ei m de conpound (B') exhibits good
fluidity agf-emot-gphesion eved?)f a filler (A), particularly silver
powder, is conpounded. A maleimde group or a derivative thereof is
cont ai ned wietdia B shwl € d€0CoMpoOURCAOR ;) RES ia huhgdiormtbogr gupupBy
using themtogether with a therma| radical initiator (C) to be

her ei naf t RS hed® GRIRPISTadt | Vst PYPEoEsthidiome @ wh he et §FCuRnd

due to poIar;t of .an _inm.de.grou hesi.on to
hardlyadhe5|ve§e lnt& Fﬁé%% 3w§§dWHF§% %¥F§EFpI%¥?H&Tt$$ fpgmula
plating orcdhiesddKewo G mBee Eﬁ?&@t@' fietkh are deno-gé%i By 2Rl si M ‘.js%mbol
conpound (B') has two functional groups in one nolecule since’the
fol | ow ng easch teakathemnimayabeoting .sdnfe lrerdeéffsreme frmctdachabthepup,

i mprovenent of adhesion strength is not sufficient than expected. If
there are three or nDre functional groups, nolecul ar weight increases
so as tor s v, S which Iead a resin conposition to have high
vi scosity. B %%g’n %‘PP%E&?@/ syfs X di functional naleinde
conpound, nal ei i

are uel | known, They B By e e o2 o 1 anTne
base bi sna(®) ddei dorgoiidd (D) fhentHOOM1 eaPEEAL Uhetastdhacarammithe
am ne base bi snal ei nde has generally high crystalline property. Such
mal ei m de fobbwuing #5lsbkabee conpsohddft s svsitagthaghy boitldang aioiing
and polarity such as di net hyl formam de, N-nethyl pyrrolidone or the

li ke, howe¥eRNOkth&PlSER188F @Rt i '@teged, voi ds are generated upon
heat-curing a resin conposition to deterlorate thermal conductivity,

t hus, such sol vents cannot

Allyl ester compound (G):
An allyl ester compound (G) is a compound having at least

one functional group represented by the following formula (8):

Formula (8):
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be used. As the bisnaleimde conpound (B') is in liquid format room
tenperature, it is not necessary to use a solvent. Even if it is
necessary to dilute, the bismal eimde conpound (B') exhibits good
affinity with generally used vinyl conpounds in liquid form thus, it
can be diluted by vinyl compounds in liquid form Anong them a vinyl
conpound having a (nmeth) acryloyl group is suitably used as a dil uent
since it can be copolynerized with the bismal ei m de conpound (B').

In the bismal eimde conpound (B'), R5 of the fornula (3) may be a
hydr ocar bop, gr.pup havin t 1 carbops, preferably not containing
an aromatit? ‘bo,qﬂ% igm%reﬁg%ﬁﬁle th§§ t he hydrocarbon group has 1

to 5 carb £ ther, r rho .crystal l4 roperty
becones hiq‘ggg}ﬁ:'raéﬁL tlrraay l%e%uﬁggfgé?%@%g C'ﬁrg)él% ﬂ%ﬁ”“%?e?ei?éab% &%nrgﬁgﬁéve
only one carbon or 5 carbons, and particularly R5 having 1 carbon is
pr ef er abl e. R6 of the formula (3) is a hydrocarbon group
havi ng 3 t (6)6 A avilzxths coppesd Briadyl wysaemcont ai ni ng an aromati c group.

If there is |ess carbon, deterioration of noisture resistivity nmay
occur and it cad@isésxtetOmPesation VfsyeopenPiieses@thlesstadiesEdhler
strength or_the_like unde vere condition in ter, treatnment such
as PCT or {Zﬁe’ I%ihl?e.co’ﬁ’lo‘frhcé @ﬁheﬂ:gﬁaﬁlﬂ?nﬁl trﬁéirlé\é\gr%mrﬂb]raetofar(ﬁgnsﬁhe
hydr ophobi £, pr. r i i 0 :

adhes) on ot aare dorfohd ¥} S0 WROSLELT ap ERERE ) S ERE, BTEY
oxi di zed spigth AHtCABRAY &Mphdt® lJHNEmERY zdet 6K i Diatiatard al so
crystalline property becones too high. Thus, either case cannot be
used. A hydrocarbon group having 3 or 4 carbons is nore preferable.
-0-, -000- _or -0000- is contained as X2 of the forrmula (3). They are
necessary tIRSHIDIEIFl exibility of a cured product and also to be in

liquid state as raw nmaterj or to inprov aol.ubil ity to.other
conponent s. Am)né (t:?"lnﬁlm%ﬁfr 2*‘&%%@%&%8%9 b er—“ﬁ’-e.d rrdn'd h#ﬁ{ﬁ’ﬁ%%},’o? he

repeating ey atnieft bhE dRPEALLDG-Mdd poaRt Al Red hehdde d,oLRUtR
(3) maybe 50 or less. If the repeating nunber "n" becones over 50,
Vi scosi ty lecampsnba0 akieghgambldcularmedigirtebér 20 ¢of By PPBCcboabinse
. If a repeatingunit satisfies the above condition, two or nore Kinds
of such repeHifUTFUEREt SePEse Bt ads ey bhe afosatipgef onmele otlfer at its
conponent may, be used,. . uch onposition i.s avail abl e by.
ottt ng. FeHARhECRLGANY ARG oI 2R SPRESOR ST paving
wherein the conpaung.Rag a yHOaa1R¥RGILBHR: having 1 to 5 carbons
bet ween the 'am™no group and the carboxyl group (nanely, am no acid
such as gl ycine, alanine, am nocaproic acid or the like), and nmaleic
anhydri de or the derivative thereof to synthesize a nal eim de of
am no aci dfoxmtla ed®icng t he product with pol yal kyl ene oxi de di ol
pol yal kyl ene ester diol or the like. In the present invention,
a thermal radical initiator (C) is used as a reaction initiator for
t he above-ﬁﬁéﬂ@eﬁéﬂﬂeﬁnpound (B)10and ot her pol yneri zabl e conponents
to be nmentioned bel ol Generally, there is no particular limt if it
can be useghases tWieiguloradiceal bRiid@i@r; rRPF 8keralrde® group
radical initiator has a deconposition tenperature of 40 to 140 Cin
ternms of ahaletom3ospté arrrdbasti hy' tisnper atturgemedslired mbyeaand®0dor
heating test wherein deconposition starting tenperature is detected
so as thatlasg cindddpthe okrEmlal ONERENACEHS MY PPrELePREIHeHIIER AHR| e
rising tenperature by 4 C/mn_. If the deconposition tenpgrature is
ot Than Bonetedbprln SaeE aETPP y BFNG LT UbNR 4P SPBR CARE GRS PRAF
t enper at ur t er i.or , and if the deconposition tenperature is
over 140 C?rgﬁréﬁglfﬁﬁg%becones extrenely | ong which is not
preferable. As exanples of a thermal radical polynerization
initiator satisfying such requirenent, there may_be net hyl ethyl

A resin composition of the present invention, particularly
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benzoyl per oxi de, di i sopr opyl per oxydi car bonat e,

bi s(4-t-butyl cycl ohexyl ) per oxydi car bonat e,

di - 3- net hoxybut yl per oxydi car bonat e, di - 2-ethyl hexyl per oxydi car bonat e,
di - sec- but yl per oxydi car bonat e,

di ( 3- net hyl- 3- net hoxybut yl ) per oxydi car bonat e,

di (4-t-butyl cycl ohexyl ) peroxydi car bonat e,

a, ce- bi s(neodecanoyl per oxy) di i sopropyl benzene,

cuny! per oxy1eadGanAns & ok dn S BEABHBLIN UL YA Sr@0pdIROdEqRABALE:

1- cycl ohexyl -1- e anoa hex

neodecanoafexst -ttilRer exMpheotRGaANgit@ms, is excellent in adhesion
t - hexyl per oxypi val at e, t - but yl per oxypi val at e,

2, 5- di net hyix@ydthi ga2ektdudahetangy |persxyehexahstance and low stress
1,1, 3, 3-tetranet hyl butyl peroxy- 2-et hyl hexanoate, )

1- cycl ohex§FoRLHtrhi® éﬁﬁ?l%léwbéeét%‘yﬂl%éwaﬁd?a’tréﬁgr and is excellent

L-hexyl per gy 2 L hexanoahe, 1t QULYLRE" 96,28t LIS 2098 ana

t-butyl per gxy @l e ach-dis %{;ll RE Q%YL UL ah®dhesive of a semiconductor
t - butyl peroxy- 3,5, 5-tri net hyl hexanoat e,

t - butyl per exyph sopnepy! tRNeeaERABAtSmiconductor device is excellent in
t - but yl per oxy- 2- et hyl hexyl nonocar bonat e,

2, 5- di et hydl@s-diagkbenz byt peroxyhhexarmsulthuby bpei oxydwoetatieyice
t - hexyl peroxy benzoate, t-butyl peroxy-mtoluoyl |
benzoat e, t YBtEY | iFef9@phéRz 58 22011l1ity can be obtained.

bi's(t-butyl per O)@i)sios,o m%tn%atlhaéreés:[ i_nbcuc;[n}{:!dps?_rf(n).)éxg‘lolf)ghenﬁ)rr‘]e%%%cc%%%aetn%ion,
the composition which belongs to the third composition system
exhibits excellent bleeding property as well as good low stress
property and good adhesion, therefore, a semiconductor device
excellent in reliability can be obtained by using the resin
composition as a die attach material for a semiconductor or a
bonding material for a heat dissipating member or an attach

material for a heat sink member.
Best Mode for Carrying Out the Invention

Hereinafter, the embodiment of the present invention will
be explained in more detail. In the present invention,
"{meth)acryl" denotes acryl and/or methacryl, and
"(meth)acryloyl " dencotes acryloyl and/or methacryloyl.

According to the present invention, a resin composition
significantly suitable for as an adhesive for a semiconductor
chip or a heat dissipating member can be provided, wherein the

resin composition comprises at least a filler (A), the following

13



3,31,4,4" -tetra(t-butyl peroxycarbonyl ) benzophenone or the |ike.
They may be used solely or in mxture of two or nore kinds to control

curability. Al though it is not particularly limted, it is
preferable that the thermal radical initiator (C) is contained by
0.001 to 2 W% in a resin conposition. A resin conposition of

the present invention is generally used under lighting such as a
fluorescent light or the like, hence, if a photo polynerization
initiator tSmpamMAI(BEGND b Shdrmall BL£DEddly ihst Obser (e, i dranthelly
reaction while using the resin conposition. Thus substantially, a
phot o pol ynet i eeittiadmingi &i ahoto camhoterieatontaimiiiatiivs term
"substantially" neans that a very small anount of a photo

pol ymeri zation initiator nay be present as far as rise in viscosity

i s not objsgg%fgmoan(%)pr eferably a photo polynerization initiator is

not contai hed: "A resin conposition of the present invention
conprises a fillgr cofbouhdecs (ﬁ)s@ﬂﬂcﬁlﬂeh%reg&'es@ﬁ%&ab the
initiator (C) , and together at |east one selected fromhe fol YOWI ng

conpound (EB}1ldvhimd dolrawiag(Bcriy acmeshech&ameeudndatbBhg dthea bkl onkng
acryl am de conpound (F), the following allyl ester conmpound (G and

t he fol | owfwecElomadundoupl) repheseiied ot tbe adhksviory froopeieay (2hd
physi cal property after curing, for exanple, one or nore properties
anong qui ck curing, adhesion, reflow resistance, |ow stress property,
bl eedi ng propaity ﬁ_d ot her properties can be inproved.

Smlarly to the cogﬁound (B), these conpounds (D) to (H) are
conponents which can start radical polynerization reaction by a

t her mal radiE%LJ_'%lgtor @ d copol yneri zable with the conpound (B).
A conpound ()" used/nn the gresent invention is a conpound cont ai ni ng
a structure represgnted by the formla é&) in a main chain and having
at | east ofee¥gitty ohdl ~QYroulFRavPig—aCPet i ikr iifad| kydxqcarheat graved
bond: For |ii# ); -EX3-§9T (4) erein.%? i S -9- - 000- or -% 00-;
R7 is a hyd? oes Boi®gf STE RAGT nd™3 0B tarssis o1 pog TOFR T gef’rof
1 or nore apds 5Q.0f ilresfe ANGudifa LRALEORTUL G ANNRILBSHAWOs Qi Sre
parts which are denot edbyt he sane synbol, each of themmy be the sane
or differedtndétahbeabh sanbaymbol, each e lemmporivel t h®k aink wictdd. fifeeent
hydr ocar bon group 97 contained in a repeating unit (X3-R7) in amain
chain to af®g®resdy B8R egFoup having 3 to 6 carbons since if there is
| ess carbon, deterioration of noisture resistivity may occur and it
causes deterioration of properties such as adhesion strength or the
l'i ke underpggyefe gandition in water treatment such as PCT or the
like. On the other hand, if there are nore carbons, hydrophobic
property of a resin beconmes too strong and adhesion strength to a
metal surfacegQor the like which is easily oxidized such as copper or
the |ike ngy’db{§Ll_3§L§m In the repeating unit (X3-R7), -0-,
-000- or - QQO- S nt Hed as éﬁpart represented by a synbol "X3".
They are necggsary to allow a cured product to exhibit flexibility
and sufficient adhesion strength. It is not preferable for
practi cal wkereimt’the CepfeatirngCsiunber’ ip" a achmwearbeer g5mbaving
viscosity rises. If the repeating unit satisfies the above condition,
two or noreé & ddscarbeeh d¥heat tgy inFmud angynbRing &dCoPT ANsh Ry er
W th Otherwﬁ%&?%ﬂ%p%eng%gdbgyqﬁﬁgsame symbol, each of them may be the

same or different from each other.

As the filler (A) used in the present invention, silver
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As a functional group having a polynerizable C C unsaturated bond,
there maybe a (neth)acryloyl group, a vinyl group or the |ike, but
may not be particularly limted thereto andplural kinds may be used
toget her. The compound (D) preferably has two or nore C-C unsaturated
bonds i n one nol ecul e. The acrylic ester conpound (E) is a
conpound represented by the followng formula (5): Formula (5): R8
(CH2=-C-C0 CH2 ))7?-0H(5) O(R9 )z wherein RI3 is hydrogen atomor a
met hyl groyp; [0S rb -havi r

pr of or abl yPndeh e B BYURER PR NG, BogebR RERS AL
expressed by doXbgtwizs inrd, r&3iH 20APdsDe i@, ARGHd dihecbo{MUlsides
contains two or nore parts which are denoted by the sanme synbol, each
of them mayhdebbhe, famexampdef el dpbowbeemoegobr @okarr, nickel powder,
CGenerally, a low viscosity acrylic ester conpound such as

mono( met h) B+ RRWGRE/h) aeHyiname ditnige, | ideaops nigaddas galcium
reactive diluent. By usi.ng the acrylic ester. conpound ( r epr.esent ed
byt he. f o FATSONES, S oRahBLHBH s ShRe SR BT dhAthFep SBsr Ty can

be exhi bited. Theder/iib agdl ' UBaRs, Ao PNCYONENDN PRI GHA, LESTN

conponent of a resin conposition spreads on a“sur
when the rgehmA0EPes1véPRokwBeaP@) £6r @1 etbhBoRaE s tbei e rhnsledssdch
as a lead frame or the like or during heat-curing. It is an

undesi r abl Bs phevtosehear geowder bkeddced) prwylet austeonindeer pordley z0fd the
ground bondi ng (wire bonding froma sem conductor chip to a die pad)
, or may chibe arechradlehladhdsedarablepatisleentapsidl anto ot amdia
pad and thus del am ngti on, , and, cracgtgg. Herein }:helt erm" exc%\ll’L ent
in bl eedi nB"prEPErEY ARk S RSB ARG aIRRPECLE BENEF P& Arn&E
i's, the abpygsnaNtd 9Radepr oPLess: & esharfod %&Pesﬁo@ B dnleGU BB Y
preferabl e conpound (E) representéd by the fornulfa (5) , there may be
a conpoundhiMier end iRBths avaragbywanrielp, sR2 is lametrhtlargtoup raxgsd,
y=1, and z.:% qula corrpolt}Jﬂnd _vvher%eién RB is a methyl g(gup, x:€21, y=%,
and z=0. 1t willTaasgcelAEnindeokehppemiiyorskrt | Aitwer ppedentother

i nvention lf—@ a corpou d cont agi niag% a itructure epresent ed bé t.he,
fol | owi ng FOFNAPE 708)S15F & HeicrinactraitA - JHie J_rfh'?ﬂi”r?ge LqGEQuUyn@t Lonic
(et Ol ok o Rgt AN LR L BRSO LRI L. TR
-0000-; 12jow&e HivdmeC 86 bOBr OEsHba itAVgNgaBe tOf Eboca.ﬂtlaoaﬁ;mm infay be

hydrogen atom or a methyl group; "r" is an integer of 1 or nore and
50 or | essusetidoidfaradlivor iRl wer powder having silver containing rate

of 90 wt% or more may be used as alloy of the silver powder and
other metals, however, silver powder having silver containing
rate lower than the above is not preferable as thermal conductivity
may decrease. The form may not be particularly limited and may
be in a flake-like form, spherical formoxr the 1ike. Preferably,
silver powder in a flake-like form may be used and generally
containedat 70 to 95wt% ina resincomposition. ZIfthecontaining
rate of silver powder is lower than the above, thermal
conductivity, and in some cases, required electric conductivity
may be deteriorated. If the containing rate of silver powder

is higher than the above, viscosity of a resin composition may
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contains two or nore parts which are denoted by the sane synbol, each
of them may be the sane or different from each other. The
acryl am de conpound (F) limts the hydrocarbon group R' contained in
a repeating unit (X4-R10) in a main chain to a hydrocarbon group
having 3 to 6 carbons, preferably 3 or 4 carbons, since If there is

| ess carbon, deterioration of noisture resistivity may occur and it
causes deterioration of properties such as adhesion strength or the

| i ke under ondition in water treatnment such as PCT or the

i ke. On t%%@ot 2¥ﬁhggg%'if there are nore carbons, hydrophobic
property of a reshnehecemsuho (51 eie:Ardngdhest pncsirenehebended
nmetal surface or the |like which is easilyoxidized such as copper or

t he |i kensydéherfioomale (1) inamaimchdion appbatringatdetst ¥beRiMctianyl
bond of -0-, -000- or -0000-, preferabIZ -0-, may be contained as a
part repr eSEHRECHIEIEIGARMY thed@ernglan 2 hpeed dpdbeprpsestdaveption,
flexibility of a cuyred, product and also to be in liquid state -as, raw
mmterial off v BASGTECLE A HOyEGagoRty K e GRIGALAEY in * TeepEipg
not prefer i : t i trt
becones ov§$i§8%g§“£#§%%§%%§n#?%ﬁ%&@%Fbgﬁgiggggéééﬁﬁf%n1f%gﬁﬁj 552
the above k@dehdd @Wdn BWRa pharer B thi ©1dar8hns ! HlaweeBeatiigs Wislrs rABYe be
used or a copolyner with other conponent may be used. Furt her,
t he functiomadlingroip rlepresgatefl Dot he By pulawi{¥y hyslroeaebsary’ to
exhi bit good adhesion strength to a netal plated surface such as,

- si | ver pl at FAER I iCEKBPEP FIRANGpRSELRECL NPT W6 MoRst v desgrbdpitiay

be preferably ined, in gne.nolecul e .. .. As the acryl am de
conpound (¥) .2 f% ﬁg%g I;r%oydlféc 52 S BaRESMhFEn a7 dbris ﬁ@ﬁ%&}% e%?cf“igkﬁ a
conpound havh k-8 By ARKY las9HaHRs 98n €8che M dneadli xanger gReat £ 59
unit sel ected from propyl ene oxi de tetranet hyl ene oxi de and butyl ene
oxi de and @etedtiemadtar undeghiewdra3@antint 260 0 miwiah edi basatmeaci Guch as
anhydride such as succinic anhydride followed by reacting with .

( et h) acr yP@hi ddreha¥RAgUEE IBAPKESTY kegE bgr sﬂh!@hlége 2- Wydroggebey|R™ is
(meth)acryl am de.or the like. The al Lyl ester conpound. (G
used in theSpres8Ave REntSoR ?%r%o%r?ﬁa‘ﬁﬁdl#a‘iheﬁ afe%%sp% C&ﬁé’gnéf
functional -l i 8.4 F ;
(8): Crpo Py Jﬁ%gﬁgﬁg%&’zg ¥-‘% :3})% st e%%u’%rﬁ'(%' £?é%%?§r%%%ra%%ﬁ%%rggup
havi ng 2 tetSemtbedsa metal surFaceadt theebiles wh@BpRANdaé Gy hadidigea
functional group represented by the fornula (8) can be copol yneri zed
with the coaphardcmehayithg bl keneyi detarigrals - r dphwdencarbdy orhup
formul a (2% and has xceILent pal ance betmeeg adhesi on and | ow
stress prope¥iRe of °F duFBEPBRrYdtRmore PrefeRabier number of functi onal
groups represent glylhe.boromla Bk, 0. | eash-ong Jusli pOdorghanRal S
necessary i n one nolecu rom the vi ewpoi nt "of “curability. Nore

pref erabl yas tavpaof BBpLedditdd @Rah SYRBEIS XAy . bernegnhab neskbddbailto
nol ecul e. R12 contained in the functional group is a hydrocarbon
group havi eghbito f8egdbbbilsy arfda mayrdee pabdptiatanei ehao rbo aki oy dliignidr
aromatic group. It is preferable that an aromatic group may not be
cont ai ned $Edke BRE2YMERESIAL CBftcaliRroverpolublilitymarqthay GariRpneRfkéen

ropr esent B P RTCL NI IINRG £ SYTE)L |4 b et r S Lt AT Hed"FR a
mol ecul e sggrygfure. Formula (9):
Further, a repeating number “m” may be in the range of
1 to 50. However, if the repeating number “m” is 1, flexibility
of a targeted cured product may not be exhibited, thus, the

repeating number may be preferably 2 or more. If the repeating

16



---Fx5--1s (9) wherein X5 is -0-, -000- or -0000-; R15 is a

hydr ocar bon group having 3 to 6 carbons; "s" is an integer of 1 or
nore and 50 or less; and if the fornmula contains two or nore parts
whi ch are denot edbyt he sanme synbol, each of themmaybe the same or
different from each other. R13 contained in the structure
represented by the fornmula (9) is a hydrocarbon group having 3 to 6
carbons. It is not preferable if there is less carbon as it is nore
likely to abeb watgdcamd Abse dart B! &A@ sHRL DL RANEcE8%high and
hydr ophobi ¢ property becones too strong to deteriorate adhesion
strength. it is nofheredpeabilagfonnbeictiali asan iNf egefepeihtingr unbte
and 50 or less. If the nunber is nore than 50, nol ecul e wei ght
becones t oeRtigfgestheabeee candehteni Awe osawsict kirgmdohsuchrepepsbne

fromthe viewpoint of workabilit Mor e, pref erabl e hydrocarhbon grqup
my have 370 STEKEBRREGAA SCPROLERTIL HREBF T ARRERCDT Mgy used.

hydr ocar bon havi Ry ST o5a? R eR= i SRl kBBRt SRt RYoRld XErily

hydr ocar bon havi east ‘one I n“one” nolecul e,
which has g NuEeeca%8haGer SM:@eWiar q¥eh Hiheslon590rEQgth A0 a metal
contains a structure represented by ?he following fornula (10) at its
nodi fi ed poRitedsyr e swath ¢ si test phael rigech ] ciosll /pgldwpihavlagiag,
pol yneri zable G C unsaturated bond: Fornmula (10): --Exa D141 __(10)
wherei n X621& twp funggdonsl gpow@os Y & rafayabby FHBRiGedupnhadeng
3to6 CaerQS' "t" is an integer of 1 or nore and 50 or less; and if
the formul%OtEHSins two or nore parts which are denotedby the sane

synbol , each of I?W%nﬂ}? %%'?i‘%agfleﬂi ngtertﬁgt £ hQm; SACT QEQI%'may

In the conpound is preferablet in the structure

repr esent esedfe #1196 b -( 10pydSocdtbon R? contAn®Ql it the Fupkefienabl e
that a hydrocarbon having at | east one C C unsaturated bond in one
nol ecul e tordur pedferaltbinverstetbtt cohheir amporrmh (ild) g sum abdteadl bage
pol yner. It is preferable that a hydrocarbon having at | east
one’ C- C unsatUrat€dordsd PR oneHatoliecBRE e e @bt AR i dtind

(H) is an isopre I r lt..1sS_p . th '
pol yneri zable G ?Jr%ga%ﬁugraacfoem&)oﬁlgﬁig O(F)fhg %g%ﬁ%ﬁgﬁﬁ(ﬁ at‘%oén&)g%nd (B%)
(et h) acr yteghfdbhted by thee £oMRAuRg (HHrmusaa (TACked gyadush aef ya
honopol ynmer of di ene conpound such as pol yi soprene, pol ybutadi ene or
the |i ke heweferableydr oxyl group, a carboxyl group, a glycidyl group
or the like or a copolyner of a diene conmpound and styrene or the
like (a first conponent) and a conpound having a functional group

Bismaleimide compound (B'):

Formula (3):

/,CO——"CH

\co~—(|:R4

CH—C0
N—R—C00—R° [ Xo—R*—0c0—RE—N
CR*—Co

(3)
wherein X? is —-0O-, -COO- or -0COO-; each R* is hydrogen atom or
a methyl group; each R® is a hydrocarbon group having 1 to 11
carbons; each R® is a hydrocarbon group having 3 to 6 carbons;

"n" is an integer of 1 or more and 50 or less; and if the formula
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reactive to the hydroxyl group, the carboxyl group, the glycidyl

group or the like of the polynmer, a functional group having a

pol yneri zabl e G- C unsaturated bond, and a repeating unit simlar to

the repeating unit (X1-111) in the conpound (B) (a second conponent)
Herein, as a functional group having polynerizable C C unsaturated

bond contained in the second conponent, there may be a (neth)

acryl oyl group, a vinyl group, or a functional group represented by

the for nulcabr(t;%ms 9o rmnebe Pagle rdyenet e denait edgd y heofaneheymbol,

conpound ( 4 %% t han 500, expected flexibility may not be

exhi bi t ed,® PU BBV bF ot , CZndriFexsid fRrBeraghePHifRr -

nol ecul ar melght is nmore than 5,000, viscosity becones too high and

it is not preferable for practical use. A honopol yner of

di ene conpound wb%m@pémﬁsoa&mﬁoumwbwe@;ﬂhsm@sfgrootdhﬁldll&&e;yoan@

copol ynmer of a diene conpound and styrene or the |iKe are necesSsary

to al |l ow ageut edhpsbouctvenoi £xhiebl lef [(@Xi hpdrticulbawgverlvddf pohese,

conpound are used wi thout nodification, conpatibility with the

conpound (B Sompagindgent %wmﬁhﬁ§MMﬂEegr9uno@rg&mﬁﬁ@#ﬁ&i@vﬁotbang@fph%se

separation duri,ng curin Therefore, in the sent Jinventio
e e A R ST Sl combaub BUT T spneETonel Beamund

such as poéag u%%pe@ﬁempc%@m tad £ Oxr;h%ﬁﬁai thguﬁgx' ng: & Jydr 86?{' 5

group, box group, Cld ke or a co

of a di enao@qmegmﬁﬁ@@ %l%)éb@ﬁ!ﬁe@r &&@dlfé@;ﬂﬁlw sls %legmeg&)wm&h
a conpound having a functional group reactive to the hydroxyl group,
t he car boxydatgrcdhupndtdie gbypolhtityr ofipmointibe drdugp obocbeadidsimartoa
functi onal group havi ng a pol yneri zabl e C-C unsaturated bond, and a
repeat i ng Rawdt Ysﬁc}ﬂqwetr%?ttaﬁesm‘efﬁé&ﬁr r#@rmaﬁafnpégeelﬂaﬁrpﬁet%@nﬁeuw&l
(B) (a sec CQon t) t | y of the whole system

ﬁgq:n The Ee o&hc ebﬁxbﬁg E%

and to be end fra cure ction, therefore, the
present inventi %@@@sﬂra@eviﬂfd@lébﬁseﬁggwstﬁ H@y'ﬂﬂ.&b ghidt BnOERBAbOTY
even reaction is perforned quickly or for a long time in a ovén or
the like. in one moBGpacid scakkyhd dplbxaigd @aret bgken into account. If
fol | ow ngnodi fi edproduct may be used, which may be used solely or in
conbi nat i oghere is one @mylcw%mg@ﬁapobmwwémﬁyt radagtheglon strength

pol ybut adi gne aV| I t h_cycl ohexane

ot} acar bok§ 19 AIargaPH i Chn oM ahbLIASSR Tife SFaPoRg more
group, andethareaftiety nakl ASt&LIM BEibheWi b £
polytetranefﬂﬂ{eneg 958 B acrliate héeﬁng a ?F%ﬁ%ﬁqfo Sfoug g?l?%e
end positiwigcosity whlc(rﬂleéd@arﬂwmdc@@ioamednb;o neachigy vd seekeayed
pol ybut adi ene wi th hexanet hyl ene di am ne of equi nol ar anount as

resi due of nalel%OQKﬁHIlQ@ﬁleheﬂéaﬁtéﬂfunekamak;malammﬂ¢ﬂnﬂ0@p@und:

anhydrlde fo owed b clode ydration; (3) A conpqund

obt ai ned b‘?a c¥ %3{@6at1c amine as raw materla are well
pol ybut adi ghey tQBQéé’éft %ri%t Qi’%ﬁ*k‘?ﬂ'ty%" Log 'g#cse;&gacvw g base
hydr oxyl group ‘of ~equi Hb ar “anount  as reS| ue o el c ac an

(4) A CO”DE&EHEIHQﬁEe“@Q.QNIE&%EBkﬁMhﬂ&oBQJ ol adiene Eéwuﬂga%omatic
car boxyl group at the end p05|t|on wi th pol ytetranet hyl enegl ycol

met hacryl atmine base bismaleledpriesegené et hogh cryseatline ptiopeeny .
(I') may be added to a resin conposition. As a diluent of the conpound
(B), a vin§ickoapoimidenerpounsd 1nspiegeiaiinsphvenhs bevisedighboiding

Ravi ng 8. (REPH) acr eyl gPOUREETSm t S cwpdFnt  ofsmEg b SIBRRHAET on
bi | f |
capabi | |y w18 LUAGER0Y: OFOYRLL SReRsELod ity L, LRI (2)

plural ki ndse@myagqal aﬁéuzjén%r(a@eam;ﬁﬁf yltebe est g aak_»taebﬁtdcﬁnposumn
(meth)acrylic ‘ester, aromatic (meth)acrylic ester, aliphatic

to detericrate thermal conduct:.v:.ty, thus, such solvents cannot
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et hyl enegl ycol di (et h) acryl at e, propyl enegl ycol

di (nmeth)acryl ate, 1, 4- but anedi ol di (net h)acryl ate,

1, 6- hexanedi ol di (net h) acryl ate, 1, 9- nonandi ol

di (net h)acryl at e, 1, 3- but anedi ol di (net h)acryl ate, 1, 10-decanedi ol

di (nmeth)acryl ate, tetranethyl enegl ycol nono(neth)acryl ate,
tetramet hyl enegl ycol di (nmeth)acryl ate, nethoxyethyl (neth)acryl ate,
but oxyet hyl (neth)acryl ate, ethoxydiethyl eneglycol (neth)acryl ate,
met hoxypolyaljadsenegd vaﬁm%ggggeﬂﬁ 1R dorkAnd (3') 1s in liquid forn

oct oxypol yal kyl enegl yco acry

| aur oxypolatakkyhenegerathFONAUTES MAChY¥tEéSary to use a solvent. Even
st ear oxypol yal kyl enegl ycol nono(net h) acryl ate,

al | yl oxypadifydltkyilsenegkysat yormo (dighdteacititbabesmaleimide compound (B')
nonyl phenoxypol yal kyl enegl ycol nono( net h) acryl ate, ‘
N, N - met hyd*dHeBits( #eeR) aicritityari- gk, $en¢xadiliyy rend vinyl compounds in

bi h Tyl e 2-di Lyl 1 d . ..
ot hy! enes AT LEF Y RIET IOy T bRy R UIeEr T JePBuGeIRgunds in liquid
2- h | A - |

(et h) ap ‘%‘J},‘Hgy %é{lgé ?Mgmsgc‘ﬁll{ﬁt &fm qugr{%{'?ﬁfdé{ (ngk:ﬂi(é(ngAyl group

hexahydr o al ate, met h) acryl oy
is suitably used as a diluent since it can be copolymerized with

the bismaleimide compound (B').

In the bismaleimide compound (B')}, R®> of the formula (3)
may be a hydrocarbon group having 1 to 11 carbons, preferably
not containing an arcmatic. Also, it is preferable that the
hydrocarbon group has 1 to 5 carbons. If there are ¢ or more
carbons, crystalline property becomes high and may be unable to
be used. R’ preferably may have only one carbon or 5 carbons,
and particularly R® having 1 carbon is preferable.

R® of the formula (3) is a hydrocarbon group having 3 to
6 carbons, preferably not containing an aromatic group. If there
is less carbon, deterioration of moisture resistivity may occur
and it causes deterioration of properties such as adhesion
strength or the like under severe condition in water treatment
such as PCT or the like. On the other hand, if there are more
carbons, hydrophobic property of a resin composition becomes too
strong and adhesion strength to a metal surface or the like which
is easily oxidized such as copper or the like may deteriocrate
and also crystalline property becomes too high. Thus, either
case cannot be used. A hydrocarbon groiup having 3 or 4 carbons
is more preferable.

—-Q=-, =CO0- or —0OCO0- 1s contained as X2 of the formula (3).
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N- (et h) acryl oyl oxyet hyl nal ei m de,

N- (et h) acryl oyl oxyet hyl hexahydr opht hal i m de,

N- (et h) acryl oyl oxyet hyl phthal imde or the I|ike. In the
present invention, a silane coupling agent (J) can be used for the
pur pose of obtaining good adhesion. Particularly, a silane coupling
agent having a S-S bond is preferably used together with silver
powder (A) since not only adhesion strength to the parts to be bonded
i mproves bilteYaps® neskespor tof eahdhiedlprodikitwhfrashned ansokicti ard

i nproves as the sil.ane coupling agent also reacts with the si]ver
powder , t Hel ¥t &P Be Partd %ﬂf?’ge S R UL G RIS T AMBEAV B SO0 P Hetl
As such a ;sil C j en i - n ther

maybebi s( (71 T RE P oT e an Praf B, gr3e828bhy ' ¥y ve —o-.

bi s(triethoxysiIsRmery! thetFpddthindenumber “n” of the repeating unit
bi s(tributoxysilylpropyl)tetrasulfide,

bi s(di met hmtyraeinky i ik pfapllat €3y asuldd 8@,0r less. If the repeating
bis(diethoxynethylsiIyIpropyI)tetrasquide,

bi s(di but oXfREthy nSi peeomaspAverebpf astil§gafdty becomes too high and it
g: :g: { : gftwoghoﬁéx ﬁ):lg%%é)r % d%g#%ér‘&g%l use. Ifarepeatingunitsatisfies
bi s(tribut i p 10,4l sul.f . . .

b1 o( i met oSy aeP e SR s, 8 € prgekinds of such repeating units
bi s(di et haxayehylsenl ¥t ps 3l§h\@-ﬂ Wi€@8, other component may be used.
bis(dibutoxynethylsiIyIpr8%¥%) isulfide, or the ﬁ ke. Y Al'so, it
is nore preferalfwh @ goppasstiane cavpliinglagentrdeting a gbycoayd
group together with the silane coupling agent having an S-S bond. As
the siland'®Tds PRFTIGErATHR PRGR GRYRYENA dgPebp Whekete the cpepound

2- (3, 4- epaxycyci ohexyl yethyl t ri net hoxy. sil ane .
3-gl ycydo%%sr épW$$??v?e%1?8x§r%?? g%ér,lng 1 sco § cdrbons between .the amino
3-gl ycydogﬁ@%{ @%Bxea%%&p@qﬁd@%m@m! YRYAOXYPE Qi dd 61 DOKYe,
silane or thelike. n the present” invention, it is also

possi bl e talaadthea entpocHsk-dik) akadi ag thegllikiegy| agd vl edichanhydaidd he
above-nentioned coupling agent having a glycidyl group. Particularly,

i f good adieShefAerivativebhperostiprsaséhrsireguialed nidrefaafEing anldf

t he conpound, havi.ng.a glycidyl group is.effectiye.. As the.conmpoun
havi ng & ol Yki doPChEBEp, HhedoREGT be" idba PoRe= DETAFRe i) Byt

et heri fyi ngbispheAghA bisPhenol Jroknet heke bi sphenol's, one obtained
by gl ycidyl étherifying phenol novol ac, cresol novol ac or other phenols
and an epoxy conpouhd pfesaficndDphaiidlon, FORhehfiabWadse 10fndeicreas 0y
viscosity, there nmay be aliphatic glycidyl ethers, glycidyl ethers in
a form of Ihuakiipgisat ireacitignpirddiesdrbiohiie epongtinent iened gompeund
epoxy conpound or the like, if r Euired, i m dazol e or other conpounds
whi ch react®WwidPf gtBPy & egf.l&ﬁg Frag TRETEIEd O PAR tRIHigaeg PRacw -
order to to tabil ] NSV SN I r I

fo use an SHTIELyr HiREe i oy Bel AR Y e Seb R RS

O 2- phenyi ndbmtdat M =B hiyre@ax et hypddfdaz0k@hermal radikbB1ing tpaeSENt
i nvention, a conbination of the foll ow ng conpound (L) and the

fol | ow ng o dedohps Maldie tHampielretuaddefl 400 ta Lé61 hC conpestsi ofi: a
Compound (L): A conpound (L) is a conpound contaiqing t he
f ol | owi ng dagarrogis ipepyiedninedtoyre et ynsy rapaurad by A zemid heahane
and having at |east, b one glycidyl group: Forpula (11
gtest wherein dec%m%)osg%iog starting temper(at re is detected so
as that 1 g of sample on an electric heating plate is heated while
rising temperatureby4 "C/min. Ifthedecompositiontemperature

is less than 40 °C, storage stability of a resin composition at
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-EX7 R1917(11) wherein x7 is -0-, -000- or -0000-; R15 is a

hydr ocar bon group having 3 to 6 carbons; "u" is an integer of 2 or
nore and 50 or less; and if the fornmula contains two or nore parts
whi ch are denotedby the sane synbol, each of thenmaybe the sane or

different fromeach other; Conpound (M: A conpound (M is a
conpound havi ng .a functional group which can react with the glycidyl
group of the conmpound (L). The conpound (L) having a glycidyl

group lim e ont_gj ned. i r i j t
T a i n ioait BHPRRNY OB R TR RS RRe
R15 has | egsmgfdione U8t&FdONabi of), GuriBiySt e vetsneli Mt ilderh ya1 64 ed
product may occur and it causes deterioration of properties such as
adhesi on sthsrigtis aott peeEekablmder severe condition in water
treatment such as PCT or the like. On the other hand, if R33 has nore
carbons, hydr opfsbeeaRlsiert\r bhermzspdipet mdymesdzationgnapngator

schest o SHTAACLD RISy SRS Bt 524U a5 one

repeati ng Jld ANt Ahdengeyerdiddanthe - P18 AR Ln fieRie3RLEL BY

the synbol™ " X7" si'nce It necessary to exhi exi ty o

cured prodystosae,sufficient adhgsikeplsésedm h. Al $Rrokhee,

gl ycidyl group is necessary since introduction of a glycidyl group is
ef fecti ve 1nl+bisNtebubghdengxyo-3,dypetrpaetheldwrlohexByei, nt r oduci ng a
glycidyl group, conpatibility to various surfaces to be bonded can be
i nproved. 1ri-bis(tehegydperpXy)eyqobe&aaBle that the repeating unit

is the sa or,.simlar to the repeati.ng, unjt -R1) of the
compound ()L o2 P RRrBL S i STt B e mpos: t i on,
particul ar{ y; uni QY1 8EL 6Ly LoFdIRBexbhel Ne repeating unit is not
simlar, separation proceeds particularly when curing is perfornmed by
an oven or2jheisd (ag 4f-addatlbogylper agdykabhpreppestdmme,0of a cured
product may not be sufficiently exhibited. It is not

pr ef er abl el f brbigrGcbutailrasexy hetciagedesprat i ng nunber "u" becones

over 50 as viscasity %&Eﬁﬁagéf {he re eagéng unit satisfies the above

condi ti on, M0 4ot oY LRSRB Y EFeSEFhT units may be used or a
copol ynmer i3 Hh,.qf he e used. As the conpound
(M havi ngwaé ;bul(r)i%:(?:l %ﬁ%?ﬁgrggﬁﬁi”r%@%%’%e with the glycidyl group of the
conpound (1,)1-m gereualhpeused) 2Hnidithydggblonéxaie £POXY H-@Sity 1A DE
used. For exanple, there may be phenol conpounds, am ne conpounds,

i m dazol e 2onpoideds or the |ike, ptngthamghydirobe |inmited. peroxifi|, a
resin conposjtian of theEBresent i nvention,, additives_ such as a

def oani ng agkmnts, 3 A SFRPSELERPU VI Pt iifisr i AR SHYARP BsTerd dean

oxi dation jnhiRit r..the Like d, i f.r '

Aresin con%ééyﬁg%) %%% lﬁebrgéén?ﬂﬁ%% %%%HE%BéBrggﬁigé?%%fY)ngane’
exanpl e, a&}&f¥5ﬁ§Utmbﬂégﬂbéﬁbﬁyfuhf%%ﬁ%o@?!B@ﬂ@@ﬁe,n1X|rEk4Mdﬂylbbﬁymse
of a three-roll mll and defoam ng under vacuum A net hod of
produci ng pesenlidegnduct or devi ce udi-+igraty@si n conposi ti on pefrokhide,
present invention may be conducted in conventional nmanners. For

exanpl e, afterdigiefheisiing—hif TR ERFFSHY) BAXBAS S cert ai iSEMEYEH L of
a lead frane by, ans_of a co r.ciall vai | abl.e di e bonder, a.chi

" mont ePT R 5t T be dendy  bRrofeug  poanoys Berot188, P
W r e- bondi fer, | di iyt se..0 in
conpound, ?%%?ggb,%%%%g§§&5%'UCFgfpg83?cé%%{?%#%dﬁbgaigoyp%%%ogghg' )

Hereaf ter, padmnel var i @esok@ABPSI ti ofsi M Gdyar € Copbi-safdisriRhate,
essential conponents such as the filler (A, the
bis (4-t-butylcyclohexyl)peroxydicarbonate,

di-3-methoxybutylperoxydicarbonate,

di-2-ethylhexylperoxydicarbonate,
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compound (B) and the thermal radical initiator (C), and optional
conponents, the following first to sixth conposition systens are
exenplified as particularly preferable. (1) A first conposition
system A first conposition systemis a conposition conprising
at least the filler (A), the compound (B), the thermal radical
initiator (C) and the conmpound (D), and substantially not containing
a photo polynerization initiator. Anmong the first conposition
system a ddmpesthinlpgradydfigarheratent ai ns one or nore sil ane-based

coupling a%ents éé% is alsgo preferable. (2) A second conposition
system 1 3 e blinhic TsHheSYPRBRLERRY¥R i s a conposi t | SHERRRIASI ng

t | t t fill t B), the th I di
?ni t?gtsor ?g)(?ufﬁlgﬁ%ﬁg oculﬁglgf(%?vg%%g}gygoami nat(:ai one(rn[mt hreg%%%oounr?&eﬂ)
and the cogpgungi § Meoddthrdy2pkanki phl VsdiHoABkab BhOY a photo

pol ymeri zation initiator. Anong the second conposition system
a conposi t coanytheebx fngddeeanoantai ns ong, Dy 3 it tsiakathy baseglperoxy
coupling agents (J) is also preferable. (3) Athird conposition
system neodacampa e c ohpsilohenydysteethslethydpposky i pecdergrdadieng
at least the filler (A), the conpound (B), the thermal radical
initiator Fcﬁeéﬁhp?%%xfécry‘FPée%g%)%?tec’onp aREtYBerasyd shssderAneatey
not contai Qi pol yrer ion initi. A t
third conpgsﬁfgfg%gggé}?%m ar%lodrfarz)l%tsﬁet’i on V\Ih;l %ﬁﬁgg"ﬁ??’ﬂ%y cont Jl:'n‘gdl()a}r?fge’or
nore sil _anQ',Bagﬁdeﬁ%liﬂz,rEQ-b&QQQtétﬁ§ihéz§arﬁ!yﬁ%e&6§??ﬁ@§éz€e, (4) Aforth
conposi tion system A forth conpositiion systemis a conposition
conpri si ng 1t he3f B+terrddthytibatgdppooxe- {-Bthytlhextheaval radi cal
initiator (lC) and the acryl am de conpound (F), and substantially not
cont ai ni ng tacpR&PBEROI ATEIEthal PRy PR eRt vr-ethylhexanegRy the forth

conposi tion_syst a cc ition which further contains one or nore
si | ane- basgd%§5§gﬁ)ﬂ%ﬂ%"%g}r@ﬁ%§yﬁ'§?x?go%’f%’o preferable. (5) Afifth
conposi ti oR_-gys ~2-Ahvi hBxERGRES { AL EYSLERbLY a1 SONPOSIdHN
conprising the ?ﬁgﬁ?%?xl( A, th(e c}érrpound (B, thetpt%her?ral lradi cal
initiator ¢Epuaptpéhexyl | yhateier cemieynd (Gbytydpdrewlst antawatdie,
not containing a photo polynerization initiator. The fifth
conposi ti ok~ BYPEyRepeeS e ablSy tadnebhyis 20 to 60 w % of t hehexangate,

ester co d ith respect to the total anount of the ¢ oynd
(B) and '[rﬁ ggPF§f[))%J\£A?}é¥lSCO girnd (G . If the rat :Jo of THBOGFY nag:set’er

compound ( GELLEXGESSHY- JAGk8RSEeS; curability may detgrliorabe, -«
Anong the fi Pt hggl(g)rrpo%-%él on é(?/'ste a conposition whi cﬁ #lur%]erna e
cont ai ns oresegim®teys+d Bieikapedz6ouptidigy )agenhe, (J) | s-BhSplperoxy
pref erabl e. ‘
acetate, t-hexylperoxy benzcate, t-butylperoxy-m-toluoyl

benzoate, t-butylperoxy benzoate,
bis(t-butylperoxy}isophthalate, t-butylperoxyallyl
monocarbonate,

3,3'",.4,4"-tetra(t-butylperoxycarbonyl)benzophenone or the
like.

They may be used solely or in mixture of two or more kinds
to control curability.

Although it is not particularly limited, it is preferable

that the thermal radical initiator (C) is contained by 0.001 to
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(6) A sixth conposition system A sixth conposition systemis
a conposition conprising the filler (A), the conpound (B), the
thermal radical initiator (C), the conmpound (H) and the reactive
diluent (1), and substantially not containing a photo polynerization

initiator. Anong the sixth conmposition system a conposition
whi ch further contains one or nore sil ane-based couplinrRg agents (J)
is also preferable. Exanples The foll ow ng experinent al
exanpl es fdrwherimescradie tchapabbviementi oned first to sixth
conposition systens of the present invention. Firstly,

experi ment al exafprEsiroEonpes ¥ kot of GisoBT IV $§pveRbd ¢ERpeFINATRLALY
exanpl e series A), are

n “part by® ﬁaﬁlﬁr.h@E%&ﬁ%{%af hs € SLARE ?ﬁqé’t?é‘%_ﬁ%ﬁ%%%srﬁ#%oi )
ol er (LUM SLRE TR 200  PmiPaRt e cd oy BAT I APONT R B G VT AL S”

INC., a corpeupdithealsebhs&Rvds quetB thanfedBrich whkie ddinlghend elddiha
(2), and XI is -0- and RL is -C4H38- in the formula (1) , hereafter
referred asotpospolond. 1" DhusassubetanBslillye canpiwie (Pplymerization
pol ypropyl ene gl ycol dinethacryl ate (BLEMVER PDP- 400, .

manuf act ur eaby [GFenati o codrdarter Thef bprad sadbstashpabhy’ Mepngnd

pol ytetra hyl ene_gl ycql, di met hacryl at BLEMVER PDT-8Q0,, .

anu act or Eaby REEY @lF: STGH Bhey BAPERraPBrs 2at 1e ~BSBERE ™8Y)
wer e used. e icald niti )y 1o di i
(deconposi F?ﬁﬁ&tgg?r%gr%%%% a%zgﬁc?% nr'Hr gg{sgeﬁgég%i ﬁsg {lggwﬁsPﬂe?(ﬁy%%[d),
manuf act ur edebyrB; LohpebapdDimeiefAdbheini efftdred sagot i bt Aird")
was used. As the filler (A) , silver powder in a flake-like form
havi ng an averag@ pasiictenxiszdion 8fphhamresandxiinuanpaen i edmprsises
of 20 pm (hereafter referred as "silver powder") was used. Al so

lauryl acr @l BHE-4i e BRE &OmPRUNTR ABY A1 RebiP By adyBBFASFAL CHENI*GAC T

Co., LTD., r r I " di " i 'gﬁlm! i

agent havi rgg?é%?rrieit %58?3 ES&?%S%?@%%%@&%%%C uersfe%% i n- tsﬁld .
Cheni cal CQD-),,tia-édfoli'tﬁJiQ?f eRiryletees Bk afompyBRiaaqEy| Shé el NowsRige
used. These conpounds were conpounded in conbinati on as shown
in Tabl e 1asndlimedelcdmppundalis ;ofthe Helilbréagradllylnester ocbhpwedd KyE)
def oam ng, thus resin conpositions were obtai ned. In

Conpar at i vengkepl et Qv ingampaomicdetit (gF BRIV Rt iract Shetieon BImaviEs
PDE- 400, f o] ' rporation. hereafter referred as
comound 14 BEEMES, Bl BB e g S A S F e oF Tore
bi sphenol Arg é@tﬂ@@'aﬁoh?_dﬁ%@é E0giky SBARESL oy 2B€16RIRiGLAAYE! IRy
(epoxy equivalent: 180, liquid at roomtenperature, hereafter
referred astitbss-geagmoty, dleediresyplrogkyty dirld ether fmpetyiequiamlbent
: 185, hereafter referred as "CGE") , phenol novol ac resin (hydroxyl
equi val ent imP88vedoftening point: 85 C, hereafter referred as 'RN'),
2- phenyl - 4, 5-di hydro t hyl | m dazol e_(;pr.Qdu nane: Curezo] e,

mnuf act ur e by SATRSFEEG ot Rl CTERERgr B o RheFE FRRPPUPES il R s
"2PHZ") and ' ]L@d}% upy, i e i J{_;;]g%\él -

( KBM 403E, rl;%n?ﬁ cturneg gf;}igtﬂlc%gttggﬁ \Qgrﬁ%ggﬂg%%., tl(f%,rtgﬁgr%% cttelrOn
referred agy” apexkrmblapgdlcyerenitstborlRRdORLBLNGMF €848 e with the
conpositions were evaluated in the follow ng manner. The eval uation
resul ts areoshowndi (BjTabl e 1.

A compound (D) used in the present invention is a compound
containing a structure represented by the formula (4) in a main
chain and having at least one functional group having a

polymerizable C~C unsaturated bond:
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<Eval uation net hod of Experinental exanple series A> (1) Viscosity
Using an E type visconeter (30 cone) , values were neasured at 2.5
rpmat 25 C just after producing a resin conposition and after

| eaving for 48 hours at 25 C. A neasured result having viscosity of
15 to 25 Pa s just after production and viscosity increasing rate
after 48 hours of less than 20 % was eval uated to have passed the
criteria. Aunit of viscosity is "Pa s" and a unit of viscosity
increasing rate is "% . (2) Adhesion strength A6 x 6 nrrt
silicon chip was nmounted on a silver plated copper frane using the
obt ai ned rgs$ig1GONRYsi tion and cured on a hot plate of 200 C for 30
seconds and in an oven of 150 C for 60 m nutes respectively. After
curing and PCT process (121 C, 100 % 72 hours) , hot die shear
strength at 23? Conas nea gjed by neans of the automatic adhesion
strength testér. K measur ed result having hot die shear strength at
260 C of 30 N chipjor nore was eval uated to have passed the criteria.

A unit of WSO stf eryih TEONPENTREO0-# R B3| Y HLALPBsFEPEACe
The foll ow ng. d_fr the fallowing silic chip were ded
by puringw%n_é#ﬁﬁhgéf§gﬁgﬁgﬁa’cd?iﬁﬁ eordi %6 8gi ﬁrt grgﬁ?gfﬁgdor
resin conposdd; R el teved hyn1mokdhPei Ry @R SROXYra0bLi T HQERONP
(Sum kon EME- 7026, manufactured by Sum tonp Bakelite Conpany Limted)
The packdee teatb B tihé eahe kgmBolPesthbE tRRMPibOPhé &aé BEA fFered 2
hours in an atnosphere of 60 C and 60% relative humdity, and then
to an | R refdmwadtegtient (260 C, 10 seconds, three tinmes of reflow)
Then, the degree of delam nation of packages after the treatnents
was neasured by neans of the scanni ng acoustic m croscope detector

(through scan ) : j e 1 nat f
a die attach pm ?o%or%q%l{}ggzbl{ ﬁgﬁlﬁ%%ﬁg@%&\%%ﬁ%gg@o& ﬁa\%g’ngégg?a
the criteria Feptitingf uslet arhiniat B aaiem thaiVhoRaakageca fdh g1uy
20 x 2.0 mm Lead franme: silver spot plated copper frame Chip size: 6
X 6 mm havin@QuB itiegd condpns eanoe i tlesienis drposiarbon; detiegtiopkiienat
200 C for 60 seconds ., Next, experinental exanples of the second
conpositidﬁE§V§@éﬁF€Eﬁﬁﬁ%§?&ﬁﬁ§¥ T@Yafpfer sHid 48 BFuaRR dRbSERARFEPD
descri bed. i . Ls . in."part. b L ght". I B1
to B, CoraPrPaEeobltutd I8akRsbiah beatAbtn R VL Fhice il P TRy 8%
pol yet her - based iRins TRl bt fer Acfiantestieh 44 WMTCURELNEAT 200, on the
manuf act ured by DAI NI PPON I NK & CHEM CALS, INC. , a conpound wherein
R2 is - C2Htheandiabfl if thertlara ndie Lerbuhs, (RKropandiXiprdmert@- oéind
RI- is -C4H8- in the fornula (1) , hereafter referred as " conpound

1" ) was UBEESIASSERRSESRPSFINOBNd ahmsisncTeasE ndiq @ BRtal surface

di met hacry| ate (BL R PDP-400,. manuf act ured by NOF Cor por at,i on,
et oaf t or PRl b RS A5 TF 2% CHHACEEN FUSE) AIRIRISnSE GO ke
di met hacr y} 4} e dRB-EMYER.PDT- 800, manufactured by NOB'  Corporati on,
hereafter referred as "conpound 3") were used. As the conpound (L)
containing a gl ychdyhe repeating unit (X*-r?), -0-, -COO- or -0COO- is

contained as a part represented by a symbc;l "x3*,  They are
necessary to allow a cured product to exhibit flexibility and
sufficient adhesion strength.

It is not preferable for practical use that the repeating
number "p" becomes over 50 as viscosity rises. If the repeating
unit satisfies the above condition, two or more kinds of such

repeating units may be used or a copolymer with other component
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group, polytetranethyl ene glycol diglycidyl ether (ED 612,

manuf actured by Asahi Denka Co., Ltd., hereafter referred as
"“conpound 4") and pol ypropyl ene gl ycol diglycidyl ether (ED 506,
manuf act ured by Asahi Denka Co., Ltd., hereafter referred as
"conpound 5") were used. As the conpound (M which reacts with a

gl yci dyl group, 2-phenyl-4,5-di hydroxynet hyli m dazol e (product nane:
Curezol e, manufactured by Shi koku Chem cal s Corporation, hereafter
referred agy #HGedras used. As the thermal radical initiator (C),

di cunyl peroxi de (deconposition tenperature: 126 Cin rapid heating
test, Percunyl BsaEumdtaieingiertduy NOR NG penatdrarabheceaiineathehesded
as "initiator") was used. As the filler (A), silver powder in a

fl ake- | i kebdnshmthave mpyakeay eimedd) paryleyvk asiony, of dnyh andum orakheum
particle s'%f of 20 §n1ghereafter referred as "silver pomderﬂk was
used. Al sot¥%uPYt ME¥ MPTRLPRET YA Esltet ik e iR R B KR SHA
CHEM CAL TD.... s r r S diu . iLl_an

coupl i ng ggaeyntblehg\?ﬁﬁggégﬁée%%crs 8g{:o %&b&ogj@&f%ra@lf had"Ewo or
manuf act urgaky Shicekauthert & A &is inlbde. nbeESafd er referred as

"met hacryl silane") and a silane coupling agent having a gl ycidyl
group ( KBM 403EThenadtariciesdchyc&hpdurid SB) Chem eahpéing defodtesented
hereafter referred as "epoxy silane") were used. These
conmpounds Rieridiec dipgdanded Eermhlewn(Slt Tabl e 2 and kneaded by neans of
the three-roll mll followed by defoam ng, thus obtained resin
conposi tions. I n Conparative exanples Bl and 32, pol yethyl ene
gl ycol dimﬁﬁﬁﬁﬁkyH§5? (BLEMVER PDE- 400, nanufactured by NOB

Cor poration, hereafter referred as "conpound 6") was used. In
Conpar ati ve exanpl e B4, diglycidyl bisphenol A obtained by reacting
bi sphenol A anSgepichlorohydri iepoxy equi valent: 180, liquid at
room t enperature, hereafter reﬂ%iked as "bis-A-epoxy" ) , cresyl

gl ycidyl e QLJ(epoxy equi valyentl : 185, hereafter referred as "CGE")
and phenolc vdlac Gest QEG gr—8dui val &t : 104, softening point:
85 C, hereafter reflerred as " ). were used. The obtained resin
conpositions were dval uated in(gh , fol | owi ng manner. The eval uation
results are shown in Table 2. 'Conparative exanple Iva;seta r.-- NZ

oR wherein R® is hydrogen atom or a methyl group; R® is a hydrocarbon
group having 1 to 3 carbons and preferably an alkyl group; "x",
"y" and "2" are in the relationship expressed by (x+ytz)=3, 18x<3,
0<y<2 and 0£z£2; and if the formula contains two or more parts
which are denoted by the same symbol, each of them may be the

same or different from each other.

Generally, a low viscosity acrylic ester compound such.as
mono (meth)acrylate, di(meth)acrylate or the like is used as a
reactive diluent. By using the acrylic ester compound (E)
represented by the formula (5), good adhesion and excellent
bleeding property can be exhibited.

The term "bleeding" means a phenomenon wherein a resin
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component of a resin composition spreads on a surface to be bonded
when the resin composition is applied on the parts to be bonded
such as a lead frame or the like or during heat-curing. It is
an undesirable phenomenon as the bleeding may cause inferiority
of the ground bonding (wire bonding from a semiconductor chip
to a die pad), or may cause decline in adhesion strength of
encapsulant of a die pad and thus delamination, and cracking.
Herein, the term "excellent in bleeding property™ means that
breeding is hard to generate, that is, the above-mentioned
problems arehardtooccur. Asaparticularlypreferable compound
(E) represented by the formula (5}, theremaybe a compound wherein
R® is a methyl group, R® is a methyl group, x=1, y=1, and z=1
or a compound wherein R? is a methyl group, x=2, y=1, and z=0.

The acrylamide compdund (F) used in the present invention
is a compound containing a structure represented by the following
formula (6} in a main chain and having at least one functional

group represented by thé following Fformula (7):

Formula (6):
4___pld
——R)—  ®

Formula (7):

CH;==CR}!—~CONH—— v
wherein X! is -0-, ~C00- or -0C00-; R'® is a hydrocarbon group
having 3 to 6 carbons; R is hydrogen atom or a methyl group;

"r" is an integer of 1 or more and 50 or less; and if the formula

26



0 ::

66 ui

N 00COOco0 0COI--6.rr-016.--T¢=-r-

contains two or more parts which are denoted by the same symbol,

each of them may be the same or different from each other.

The acrylamide compound (F} limits the hydrocarbon group
R'® contained in a repeating unit (X'~R'®) in a main chain to a
hydrocarbon group having 3 to 6 carbons, preferably 3 or 4 carbons,
since If there is less carbon, deterioration of moisture
resistivity may occur and it causes deterioration of properties
such as adhesion strength or the like under severe condition in
water treatment such as PCT or the like. On the other hand, if
there are more carbons, hydrophobic property of a resin becomes
too strong and adhesion strength to a metal surface or the like
whichiseasilyoxidizedsuchas copperorthe likemaydeteriorate.

In the repeating unit (X*-R'®), any bond of —0-, -COO- or
—-0C00—-, preferably —-0-, may be contained as a part represented
by a symbol "X'". They are necessary to exhibit flexibility of
a cured product and also to be in liquid state as raw material
or to improve solubility to other components.

It is not preferable for practical use that the repeating
number "r" becomes over 50 as viscosity rises. If the repeating
unit satisfies the above condition, two or more kinds of such
repeating units may be used or a copolymer with other component
may be used.

Further, the functional group represented by the formula
(7) is necessary to exhibit good adhesion strength to a metal
platedsurfacesuchassilverplatingornickel/palladiuvmplating,
and two functional groups may be preferably contained in one

molecule.
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As the acrylamide compound (F), there may be a compound
which is obtained by reacting a compound having a hydroxyl group
on each end, at least one repeating unit selected from propylene
oxide tetramethylene oxide and butylene oxide and a molecular
welght of 300 to 2500 with dibasic acid anhydride such as succinic
anhydride followed by reacting with (meth)acrylamide having a
hydroxyl group such as 2-hydroxyethyl {(meth)acrylamide or the
like.

The allyl ester compound (G) used in the present invention
is a compound having at least one functional group represented

by the following formula (8):

Formula (B):

CHy=CH——CH,—0¢0—R'2— (8)

wherein R* is a hydrocarbon group having 2 to 8 carbons.

The allyl ester compound (G) having a functional group
represented by the formula (8) can be copolymerized with the
compound (B) having a functional group represented by the formula
(2), and has excellent balance between adhesion and low stress
property of a cured product.

As fornumber of functional groups representedbythe formula
(8), at least one functicnal group is necessary in one molecule
from the viewpoint of curability. More preferably, two or more
functional groups may be contained inonemolecule. R contained
in the functional group is a hydrocarbon group having 2 to 8 carbons

and may be aliphatic chain, alicyclic or aromatic group. It is
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preferable that an aromatic group may not be contained from the
viewpoint of adhesion.

Particularly, when low stress property is required to a
cured product, a structure represented by the following formula

(9} is preferably contained in a molecule structure.

Formula (9):

_(_'XS"—Rla) ; (9)

wherein X° is -0-, -C0O- or ~0C00-; R*® is a hydrocarbon group
having 3 to 6 carbons; "s" is an integer of 1 or more and 50 or
less; and if the formula contains two or more parts which are
denotedby the same symbol, each of themmaybe the same or different

from each other.

R* contained in the structure represented by the formula
(9) is a hydrocarbon group having 3 to 6 carbons. It is not
pf:eferable if there is less carbon as it is more likely to absorb
water and also if there are more carbons as hydrophobic property
becomes too strong to deteriorate adhesion strength.

The repeating number "s" is an integer of 1 or more and
50 or less., If the number ismore than 50, molecule weight becomes
too large to cause increase in viscosity and not preferable from
the viewpoint of workability. More preferable hydrocarbon group
may have 3 to 4 carbons and a repeating number may be 2 to 20.

The compound (H) used in the present invention is a
derivative of a hydrocarbon having at least one C-C unsaturated

bond in one molecule, which has a number average molecular weight
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of 500 to 5,000, contains a structure represented by the following
formula (10) at its modified position, and has at least one

functional group having a polymerizable C-C unsaturated bond:

Formula (10):

+X5_R14)r (10)

wherein X® is -0~, -COO- or -0C00-; R is a hydrocarbon group
having 3 to 6 carbons; "t" is an integer of 1 or more and 50 or
less; and if the formula contains two or more parts which are

denotedby the same symbol, each of themmaybe the same ordifferent

from each other.

Inthe compound (H), it ispreferable that X%inthe structure
represented by the formula (10) is -0O-.

Also, it is preferable that a hydrocarbon having at least
one C-C unsaturated bond in one molecule to be led or converted
to the compound (H) is a butadiene polymer.

It is preferable that a hydrocarbon having at least one
C~-C unsaturated bond in one molecule to be led to the compound
(H) is an isoprene polymer.

It is preferable that the polymerizable C-C unsaturated
bond of the compound (H) is a {meth)acryl group.

The compound (H) is a reacted product of a homopolymer of
diene compound such as polyisoprene, polybutadiene or the like
having a hydroxyl group, a carboxyl group, a glycidyl group or
the like or a copolymer of a diene compound and styrene or the

like {a first component) and a compound having a functional group
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reactive to the hydroxyl group, the carboxyl group, the glycidyl
group or the like of the polymer, a functional group having a
polymerizable C-C unsaturated bond, and a repeating unit similar
to the repeating unit (x}-RY) in the compound (B) (a second
component). Herein, as a functional group having polymerizable
C-C unsaturated bond contained in the second component, there
may be a (meth)acryloyl group, a vinyl group, or a functional
group represented by the formula (2). If a number average
molecular weight of the compound (H) is less than 500, expected
flexibility may not be exhibited, thus it is not preferable, and
if the number average molecular weight is more than 5,000,
viscosity becomes too high and it is not preferable for practical
use.

A homopolymer of diene compound such as polyisoprene,
polybutadiene or the like or a copolymer of a diene compound and
styrene or the like are necessary to allow a cured product to
exhibit flexibility, however, if these compound are used without
modification, compatibility with the compound (B}, a diluent or
the like is not good so as to cause phase separation during curing.
Therefore, in the present invention, modification is performed
by reacting a homopolymer of diene compound such as polyisoprene,
polybutadiene or the like having a hydroxyl group, a carboxyl
group, a glycidyl group or the like or a copolymer of a diene
compound and styrene or the like {a first component) with a compound
having a functiocnal group reactive to the hydroxyl group, the
carboxyl group, the glycidyl group or the like of the polymer,
a functional group having a polymerizable C;C unsaturated bond,

and a repeating unit similar to the repeating unit used for the
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compound (B} {a second component)} to improve uniformity of the
whole system and to be taken in a cured product by the reaction,
therefore, thepresent inventioncanprovide curedproducts having
similar morphology even reaction is performed quickly or for a
long time in a oven or the like.

Specifically, for example, the following modified product
may be used, which may be used solely or in combination:

{1) A compound cbtained by reacting polybutadiene having
a hydroxyl group with cyclohexane tetracarboxylic dianhydride
of equimolar amount as the hydroxyl group, and thereafter, half
esterifying it with polytetramethyleneglycel methacrylate
having a hydroxyl group at the end position;

{2} A compound obtained by reacting a maleated
polybutadiene with hexamethylene diamine of equimolar amount as
residue of maleic acid, and thereafter, reacting it with maleic
anhydride followed by cyclodehydration;

(3) A compound obtained by half esterifying maleated
polybutadienewithpolytetramethyleneglycolmethacrylatehaving
a hydroxyl group of equimolar amount as residue of maleic acid;
and

(4) A compound obtained by esterifying polybutadiene
having a carboxyl group at the end position with
polytetramethyleneglycol methacrylate.

In the present invention, a reactive diluent (I) may be
added to a resin composition. As a diluent of the compound (B},
a vinyl compound which is in liguid form can be used. It is
preferabie that the vinyl compound in liquid form is a compound

having a (meth)acryloyl group from the viewpoint of
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copolymerization capability with the functional group
represented by the formula (2) of the compound (B).

Such a compound, for example, single or plural kinds among
alicyclic {meth)acrylic ester, aliphatic (meth)acrylic ester,
aromatic (meth)acrylic ester, aliphatic dicarboxylic acid
(meth)acrylic ester, aromatic dicarboxylic acid (meth)acrylic
ester or the like can be used and may preferably have the same
or less compounding amount as the compounds (E). if a resin
composition contains the compounds (BE).

As such a general reactive diluent, there may be methyl
(meth)acrylate, ethyl (meth)acrylate, n-butyl (meth)acrylate,
isobutyl (meth)acrylate, tert-butyl (meth)acrylate, isodecyl
(meth}acrylate, lauryl (meth)acrylate, tridecyl {meth)acrylate,
cetyl (meth)acrylate, stearyl (meth)acrylate, iscamyl
(meth)acrylate, isostearyl {meth)acrylate, behenyl
{meth)acrylate, 2-ethylhexyl {meth)acrylate, alkyl

{meth)acrylate other than above, cyclohexyl {meth)acrylate,

tert-butylecyclohexyl {meth)acrylate, tetrahydrofurfuryl
{meth)acrylate, benzyl (meth)acrylate, phenoxyethyl
(meth)acrylate, isobornyl {meth)acrylate, glycidyl

(meth)acrylate, trimethylol propanetri(meth)acrylate, zinc
mono (meth)acrylate, zinc di{meth)acrylate, dimethylamincethyl
(meth)acrylate, diethylaminoethyl fmeth)acrylate,
neopentylglycol (meth)acrylate, trifluoromethyl (meth)acrylate,
2,2,3,3-tetrafluoropropyl (meth)acrylate,
2:,2,3,3,4,4-hexafluorobutyl (meth)acrylate, perfluoroocctyl
(meth)acrylate, perfluocrooctylethyl (meth)acrylate,

ethyleneglycol di (meth)acrylate, propyleneglycol
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0 Conpound 1 Conpound 2 Conpound 3 Conpound 4 Conpound 5

Compound 6 Diluent Initiator Silver powder Bis-A-epoxy CCE PN
2PHZ Methacryl silane Epoxy sil ane

di {meth)acrylate, 1,4-butanediol di (meth)acrylate,
1, 6~hexanediol di(meth)acrylate, 1,9%-nonandicl
di(meth)acrylate, 1, 3-butanediol di (meth)acrylate,
1,10~decanediol di (meth)acrylate, tetramethyleneglycol

mono {meth)acrylate, tetramethyleneglycol di(meth)acrylate,

methoxyethyl (meth)acrylate, butoxyethyl (meth)acrylate,

ethoxydiethyleneglycol ' (meth)acrylate,
methoxypolyalkyleneglycol mono {(meth)acrylate,
octoxypolyalkyleneglycol - mono (meth)acrylate,
lauroxypolyalkyleneglycol mono (meth)acrylate,
stearoxypelyalkyleneglycol mono (meth)acrylate,
allyloxypolyalikyleneglycol mone (meth)acrylate,
nonylphenoxypeclyalkyleneglycol mono (meth)acrylate,

N,N'-methylene bis{meth)acrylic amide, N,N'-ethylene
bis{meth)acrylic amide, 1l,2-di{meth)acrylic amide
ethylenegiycol, di (meth)acryloyloxymethyltricyclodecane,
2- (meth}acryloyloxyethyl succinate, 2-(meth)acryloyloxyethyl
hexahydrophthalate, 2—{meth)acryloyloxyethyl,
N-(meth)acryloyloxyethylmaleimide,
N-(meth}acryloyloxyethylhexahydrophthal imide,
N-(meth) acryloyloxyethylphthal imide or the like.

In the present invention, a silane coupling agent (J) can
beused for the purpose of obtaininggoodadhesion. Particularly,
a silane coupling agent having a 5-8 bond is preferably used
together with silver powder (A) since not only adhesion strength
to the parts to be bonded improves but alsoc cohesion of a cured
product of resin composition improves as the silane coupling agent

also reacts with the silver powder, therefore, particularly
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excellent adhesion can be obtained.

As such a silane coupling agent having a S-S bond, there
may be bis({trimethoxysilylpropyl)tetrasulfide,
bis (triethoxysilylpropyl)tetrasulfide,
bis (tributoxysilylpropyl)tetrasulfide,
bis (dimethoxymethylsilylpropyl)tetrasulfide,
bis(diethoxymethylsilylpropyl)tetrasulfide,
bis (dibutoxymethylsilylpropyl)tetrasulfide,
bis (trimethoxysilylpropyl)disulfide,
bis({triethoxysilylpropyl)disulfide,
bis(tributoxysilylpropyl)disulfide,
bis (dimethoxymethylsilylpropyl)idisulfide,
bis(diethoxymethylsilylpropyl)disulfide,
bis (dibutoxymethylsilylpropyl)disulfide, or the like.

Also, it is more preferable to uée a silane coupling agent
having a glycidyl group together with the silane coupling agent
havingan S-Sbond. Asthesilanecouplingagenthavingaglycidyl
group, there may be 2-(3,4-epoxycyclohexyl}ethyltrimethoxy
silane, 3-glycydoxypropyltrimethoxy silane,
3-glycydoxypropylmethyldiethoxy silane,
3-glycydexypropyltriethoxy silane oxr the like.

In the present invention, it is also possible to add a
compound (K} having a glycidyl group other than the
above-mentioned coupling agent having a glycidyl group.
Particularly, if good adhesionwith a copper surface is required,
the addition of the compound having a glycidyl group is effective.
As the compound having a glycidyl group, there may be used one

obtainedby glycidyl etherifying bisphenol A, bisphenol For other
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<Eval uation net hod of Experinental exanple series B> (1) Viscosity
Using an E type visconeter (3 cone), values were neasured at 2.5 rpm
at 25 Cjust after producing a resin conposition and after |eaving
for 48 hours at 25 C. A neasured result having viscosity of 15 to 25
Pa's just after production and viscosity increasing rate after 48
hours of |ess than 20 % was eval uated to have passed the criteria. A
unit of vikdsphehplss chRadbtsiremdby gupctdpl evhscdSyviyg iphenedsovglaat e
is "% .
cresolnovolac or other phencls and an epoxy compound of
aminophenol. For the purpose of decreasing viscosity, there may
be aliphatic glycidyl ethers, glycidyl ethers in a form of an
aliphatic ring produced by hydrogenation, alicyclic epoxy
compound or the like, if required, imidazole or other compounds
which react with a glycidyl group may be added. Particularly,
in order to balance storage stability and reactivity, it is
preferable to use an adduct of 2-methylimidazole and
2,4~diamino-6-vinyltriazine or
2-phenyl-4-methyl-5-hydroxymethylimidazole.
In the present invention, a combination of the following

compound (L) and the following compound (M) may be further added

to a resin composition:

Compound (L) :
A compound (L) is a compound containing the following
structure represented by the formula (11l) in a main chain and

having at least one glycidyl group:

Formula (11):

—N—R")— (11

wherein X' is -0-, -COO- or -0C00-; R is a hydrocarbon group
having 3 to 6 carbons; "u" is an integer of 2 or more and 30 or
less; and if the formula contains two or more parts which are
denoted by the same symbol, each of themmaybe the same or different

from each other;
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(2) Adhesion strength A6 x 6m silicon chip was mounted on a
ring plated copper frame (silver plated only on inner |ead part)
using the obtained resin conpositions and cured on a hot plate of 200
C for 30 seconds and in an oven of 150 C for 60 m nutes respectively.
After curing and PCT process (121 C, 100 % 72 hours), hot die shear
strength at 260 C was neasured by neans of the automatic adhesion
strength tester. A neasured result having hot die shear strength at
260 C of 30 N chip or nore was evaluated to have passed the criteria.
A unit of adhesion strength is "N chip”. (3) Solder crack resistance
The fol | owtengpduead (M) ane and the followi ng silicon chip were bonded
by curing under the follow ng curing condition with the use of the
obt ai ned resin CBHWQW%S(M ol WWWI BRREND 2 LREFSLD2hDIERYR
conpound ( m kon EME-7 actured. by Sumt Bakelite

i tod) . THEhdrad e ham b i HaChoih S o dBeperGRov R aent
for 192 hours in an atnosphere of 60 C and 60% rel ative humdity,
and then to an IR reflow treatnment (260 C, 10 seconds, three tinmes of
reflow) . Then, thredeghpsud ¢B] anbndid on glypoekpggsod t Bimite the
treatments was neasured by means of the scanning acoustic m croscope
detect or (hythmegirbopaaraep 6y’ Cmdnresuepeaﬂmnglgmatdehammred
area of a die attach portlon of less than 10 % was eval uated to_hgy
passed t heCRaint &P & hyd4inserber FePUmMiNANiRE &irtea 6 sarbpns IséBEﬁgJef PQ:P
(14 x 20 ad franme: ri at ed coppet fr

(si1ver pISaeORIGBA™ AFERTTRLHE D of el o8F FesT8REshel b Foured
Curing CO'}S‘J&&dlﬂi’t ﬁéy %c'E:G§'a(hc?@ﬂ%%‘s%ls%te@:ﬂ&@at@bﬁtcﬁ Blopdl fe 84cK0
seconds Next,” experinental exanples of the third conposition
system (Exqimlaldrfeaiaﬂl sexenpkh wethedikp aidehereenafdoadidéssrirbedtedhe

conpounding ratio is in "part by weight". (Exanple C to C4) g
Synt hesi s %lfeﬁlﬂrﬁéllteﬁ‘mﬂél@so?c%mrnbh%é—lldfe( 1-9n thal %ﬁhﬁlﬁéaa@et%fc aches

After 120 E |%§ and 500 f toluene were char ed in
2 epar abIBoT SROENE PUPFERROTIOPTGRETFOST MEPLS ST PRG T oF BHBYe
noi sture ifnd %h@é@.‘aﬁ@ﬁ'i’%{’#\% fo Lhgeeans ik BEaPhetl q:éc Iw‘ﬁfi@‘i’%s

cool edt o roont enperat ure owed by dropping a liquid erein 75 ¢
of gl yci needsaivnexdeizedasucl) amcciplevedri the00Lke Offaya@étéﬂhbfaﬂ:@. in
the flask placed in an ice bath for 60 m nutes while introducing dry
ni trogen, and th&hetiepepitinpdnivagontdinsedOat ~COBMAeNPePCt aFe Part 23

hour s. the |iquid irred under ref lux for 8 urs
Wi T empU R T e B HRT ot b i DURASGEPREY (S S RBLE

obt ai ned |} 4,51 ?ﬁ(ﬁf’?s‘ﬁs‘%\?}e %&& SERALREL 80, PEudWQEEbH%t':’:%hBEh

pure wat er y renpoving a Sso vent usl ng th
evapor at or and t he sy aaieny Uyyadyl Ghusp alat ﬁé@@ﬁs@rpgmdugthtmuctlon

obt ai ned product was brown crystal and had yield of about 150 g.
Formati on of awleicidge groupsisvas feohfve ned WhyewNVR hondiRy .to copper
particularly. By introducing a glycidyl group, compatibility
to various surfaces to be bonded can be improved.
Further, it is preferable that the repeating unit is the
same as or similar to the repeating unit (X'-R'} of the compound
(B) in order to improve uniformity of a resin composition,
particularly uniformity after curing. If the repeating unit is

not similar, separation proceeds particularly when curing is

performed by an oven or the like for a leng time so that properties
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(1-2) Maleimde caproic acid After 120 g of mal ei c anhydride
and 500 g of toluene were charged in a separable flask and refl uxed
for one hour while stirring to renove noisture in the system by neans
of the Dean-Stark trap, the flask was cooled to roomtenperature

foll owed by dropping a liquid wherein 131 g of 6-am nocaproic acid
was solved in 200 g of acetonitrile in the flask placed in an ice
bath for 60 mnutes while introducing dry nitrogen, and then the
l'iquid was,ptd rhgd @b rbQQBt LRAPEIAL Wee sﬁ@hg§eﬂ9w Sxhibited, Next, the
liquid was stirred under reflux for 8 hours whilé€ renoving the

gener at ed noi st ute iy nbbedFarablarfort papct Idel abé ahaedthe Gepdapbage
was subj ect to separation for washing using pure water for 5 tines
fol | owed byumkaiblhhdesoyelbverar ﬁ@iaragvu'-h@osei@p@iaear dﬁdthméepaénmm

dryer, thus obtained,a product. The qbtai ned product
crystal anﬂnhfaéa)ﬂléﬁaeéft%% °VP9§°5leZb‘P‘Frat'ﬁ ‘3'6fm?r’éf’12 Wgr RS

was confir t f
acid and dP%j %n%\@&gggtn#a nb‘(%f%) S g%n‘%‘ %BprLg?ezgwé%ﬁqu 1£'jﬁdlp COﬁ%Hgnt
pol ypr Opy|ﬁ£]_\(f: b sl di ol After 62 g of maleimde acetic acid
synthesized in (1-1) , 90 g of polypropyl ene glycoldiol (repeating
nunber of about ZAs thé otorlpcddid (RRNKEattd redulyt Neka Coffraimtiean) 1 v600
g of toluene and 3.4 g of paratol uene sulfonic acid were charged in a
separ abl e ¥1Eskhendlyef vk egk dupr of6theusenmhinde (éﬁiraig@erﬁié-y used

generated noisture was renoved outside th t he Dean %Elark
trap. Afte?u‘FJe%ﬁ:f"igSHt ? é‘%ﬁ?%%éﬁ%%h‘ﬂ?%%n&% wa °§u%f%“&ff §rothere

separati ony e""%ﬁ@heﬂ Ukl , Calh é'é«lﬁ%u‘ﬂ%er Dhazotd B %H ds

dlstllled roomt erature eotalne vent
| ayer was aflﬁda usieg bhe ﬂaﬁp@é@t&r 13Rd tkAe vacuum dryer, thus
obt ai ned a product. The obtal ned product was brown |iquid and had
yiel d of about 130 sgresin memposioforest ¢helporgensnidiveinsappeacaitéves
carboxyl groups were confirned by NVR and | R The obtained product is
a bi smal ei ficte aéo?rﬁ’&fﬁ&megg)aqeé’&'e%e’?ﬂréécﬁ?n?héafrépﬁﬁl%Pj(me%?éltéf’ﬁ
X2 is - L carb S r.bons and i
about 6 rﬁu b&o ér eaf c?arte 0An :rL]bltqr Q:qf tgegﬁé&e glay(g é,ﬁs%d Tf
Reacti on ofe(?@ileéc{n de acetl c acid and poI ybutyl ene gl ycol di ol

After 62 g of naleimde acetic acid synthesized in (1-1) , 110 g of
pol ybut yl ene gl y@ode&imjco(rnp@péatbngfmmtpe:res@htaMEhtipntda'y@lepIEBdSCtepl
manuf actured by NOF corporation), 500 g _of toluene_ and 3.4 %

par at ol uenkY sfiPT 6XFEPHR afWEr%%WW%W@@@ﬁmfé’m%@ afdxing

obt ai ned a ct.s arI The ob |ned rod ¢l e

br own quu\"ga&d%‘%é{l& %}f |fl’tﬁ blb rl'—cg oA o?n%slfe C%Sﬁnds
and di sappearancg r@tlf&%f@?%: BdGE:QH@% gf@ﬁlecoeﬂ@t:temme%r@gl Bin
The obtai ned product is a bismalelmde conpound (B') represented by
t he fornul acB)s Wigirei 6f X2ZhkeS pridsenRd imrenilioR6 s Be cavhdoct &6 Has
4 carbons and "n" is about 6, which is hereafter referred as .
"conmpound mnvent(izar@)l Reacersn oformxsinplde edpedi d¢lapenbine a resin

pol ypr opyl ene g ycol di ol After 84 g of nmaleimde caproic i d
synt hesi zeBOPROFHLEIN 0§02 FeFtaA FBFBb?‘T‘e‘%e Al §ed e PYeBeRRs i}

ot of ueh B rdiat Y AvabiaBle SRCUAGEM O s MRLROLE 4 Noyel 0

g of toluené and arat uene “sul fonT ¢ facird  wer e char

a separabl g fh@%—@&dngpt abmgq a;pr 99“%%%8&'@6'%9@—&% Elsala to
obt ai ned product was brown |iqlid and had’yield of about 158 .
Formati on eftagsfer rordishigand tdi sahepeseanteanf epakpomyldgsq)umnpm,
confirmed by NVR and IR The obtai ned product is a bisnmal ei mde
conpound ( Bhyreky:s esaamddobgurher f devidea 5(53Prﬂﬁé¢@¢in X2 is -0-, R6is
-H, R6 has 5 carbons, R6 has 3 carbons and "n" is about 6,  whi ch i S
hereafter ref er ri&Feaf b GHTEIR3 VAT OMS,) q@é‘ﬁ’@ﬁlﬁﬁoBF mdbechi d@re

combinations of essential components such as the filler (A), the
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(3) Reaction of acrylic acid and pol ybutyl ene gl ycol di ol Af ter
35 g of acrylic acid, 104 gof pol ybutyl ene gl ycol di ol (repeating
nunber of about 7, Uniol PB-500, nmanufactured by NOF Corporation),
500 g of toluene and 3.4 g of paratol uene sulfonic acid were charged
in a separable flask and refluxed for 16 hours while stirring. The
generated noi sture was renoved outside the system by the Dean-Stark
trap. After reaction, the obtained |iquid phase was subject to

separ at i oncPopowwad HBh@ubthe thergadimdilchédinddtiatorotC3 endwptangal
distilled water at roomtenperature for 2 tines. The, optai ned sol vent
| ayer was 8?@%@“%‘?SngtPﬁéFOgEaBb?ﬁtf&Fséﬁif FHECR SETRAPHF YA SYPhEMS are
obt ai ned a_product. The obtaine oduct |ight brown liquid and
had yield Sgem %llﬁl%@sgpaﬁorlﬁ% fon g?%eefé?}t%}%l%bnds and di sappear ance
of carboxyl groups were confirmed by NVR and IR The obtai ned product
is hereafter referred as "conmpound X'. As the filler (A,
silver powdef Antaordd almpoiskeibdnrsydtsan ng an average particle size of
8 pmand a maxi mum particle size of 30 pm (hereafter referred as
"silver powder")A Wasstseuiposd tihe sxsfsouRs o BPrPeHkt conpountts By 86
B4 were used. As the_acrylic ester conpound (E), 2-hydroxypropyl,

met hacryl aﬁﬁaﬁ hehs ofh{ﬂ%‘:(g)) 'wﬁgﬁeeicﬁ upd gB%etW?ﬁ ‘Eﬁ‘%‘ﬁ%ﬁ Qg‘ql§a&
met hyl groy =1.. y=d, and ,z=x i t er,, HOP I y
KYOEI SHA CEEH%A%MCO.T,&) E%IB }%ﬁekdggﬁogﬁﬁr SRdrr e@%%%’%&%gl% ot
and gl ycer ebnéaiRiAned Wk Ebm%néﬁi’&ﬂi%n( ghivhgesin 128 is a net hyl
group, x=2, y=1 and z=0, Light Ester G 101P, manufactured by KYCElI SHA
CHEM CAL Co., LTugncheheafiest refmprosedias &vonpourdcEBbysiveten uwdech
As the thermal radical initiator (C), dicunyl peroxide (deconposition
t enper at ur Eurthes ENntRingpPEA R MRy et 65Lanpdpatafy IcoDpliRaRR WY dd) by
NOF Cor porati o hereafter. referred as "initiator") was used.

Al so, the &8@8%%&3&% ertfg)el&,' and as silane coupling agents, a silane
coupling agent having a tetrasulfide bond (A-1289,

manuf act ur edbyN pponUni car ConpanyLi m ted, hereafter referred as
"coupling dgenk dégormhdamppisiatiencopptdng agent having a gl ycidyl
group (KBM 403E, manufactured by Shin-Etsu Chemi cal Co., Ltd., ]
hereafter referrkdaeend 6aPPPHLL ey s2en hiree QpFP@sition compydsdng

conpounds re co unded. in nbi pati on as sh i.n bl e an
kneaded by\gﬁgg?\%s%&%[ehgl?%?lée@ﬁm %H?‘n’chmﬁﬁﬁnldo&\gg?b?edg‘%ﬁﬁ?ﬁgfacﬁﬁﬁs} a
resin conpesik o] :

| Faui d 1 or rEhEPREE) § X Eto e BOP B oS ot W ot GO
conpound hawh redecid yehsiindgi@upandisgbyebayiabl gpberentAinbiqamaidte
by reacting bi sphenol A and epichl orohydrin (epoxy equival ent: 180,

liquid at podmmeehpatitrurigitieteafter referred as "conpound YlI") and

a reacted product of 2-net hé/l i m dazol e and o .

2, 4- di ani no- 6- viMYPRY itRSi AECUYE GABRLShiaheR SUSIEEMz o} £OPPPSALIon which
manuf act ur hi 1.C r i r t ed..as
eompound $9F BN S CRsraa T8 bahenr st iy Tog, ELREL 5
Each of thescampeupssrdssyapounded in ratio as shown in Table 3,

t hus obtained resin conpositions simlarly to Exanple d.

(Conpar ative exanple C3) 1, 6- Hexandi ol di nmet hacryl ate (Light
Ester 1, 6HX, manufactured by KYCEI SHA CHEM CAL Co., LTD., hereafter
referred ad3)cBnplalrd campoaiddonsedst¢Conparati ve exanpl e C4)

A third composition system is a composition comprising at
least the filler (A), the compound (B), the thermal radical
initiator (C} and the acrylic ester compound (E), and

substantially not contalning a photo polymerization initiator.
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2, 2-bi s[ 4- (4- mal ei m dephenoxy) phenyl ] pr opane (BM - 80,
manuf act ur edbyK*1 CHEM CAL | NDUSTRY CO., LTD.) was used. As EM-BO is
in solid form BM-80 and di net hyl formam de (DMF) were m xed by
weight ratio of 1:1 and used in solution form (hereafter referred as

"conpound Z2"). The obtai ned resin conpositions were eval uated
in the foll ow ng manner. The evaluation results are shown in Table 3.
dve exanple fro;tore gcoo 6 COIR -. ,- N' Om

Among the third composition system, a composition which
further contains one or more silane-based coupling agents (J)

is also preferable.

(4) A forth composition system

A forth composition system is a composition comprising the
filler (A}, the compound (B), the thermal radical initiator (C)
and the acrylamide compound (F), and substantially not containing
a photo polymerization initiator.

Among the forth composition system, a composition which
further contains one or more silane-based coupling agents (J)

is also preferable.

{5) A fifth composition system

A fifth composition system is a composition comprising the
filler (&), the compound (B), the thermal radical initiator (C)
and the allyl ester compound {G), and substantially not containing
a photo polymerization initiator.

The fifth composition system preferably contains 20 to 60
wt% of the allyl ester compound (G) with respect to the total
amount of the compound (B) and the allyl ester compound (G). If
the ratio of the allyl ester compound (G) excessively increases,
curability may deteriorate.

- Bmong the fifth composition system, a composition which
further contains one or more silane-based coupling agents (J)

is also preferable.

(6) A sixth composition system
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A sixth composition system is a composition comprising the
filler (A), the compound (B), the thermal radical initiator {(C),
the compound (H} and the reactive diluent (I), and substantially
not containing a photo polymerization initiator.

Among the sixth composition system, a composition which
further contains one or more silane-based coupling agents (J)

is also preferable.
Examples

The following experimental examples further describe the
above-mentioned first to sixth composition systems of the present
inventicn,

Firstly, experimental examples of the first compesition
system {(Experimental example seriesA) arehereinafter described.

The compounding ratioc is in "part by weight".

(Examples Al to A4, Comparative examples Al to A3)

As the compound (B), polyether-based bismaleimide acetic
ester (LUMICURE MIA-200, manufactured by DAINIPPON INK &
CHEMICALS, INC., a compound wherein R? is -CzH,- and R® is —CH,-
in the formula (2), and X' is -0~ and R! is —-C4Hg~ in the formula
(1), hereafterreferredas "compound 1") wasused. Asthe compound
(D), polypropylene glycol dimethacrylate (BLEMMER PDP-400,
manufactured by NOF Corporation, hereafter referred as "compound
2") and polytetramethylene glyccl dimethacrylate (BLEMMER
PDT-800, manufactured by NOF Corporation, hereafter referred as

"compound 3") were used. As the thermal radical initiator (C),

41



OO0 0a - 6 3InlgelIxRt.a St:02 ICZ zzze GC;04 101>M5 C 101>; 00t f
| ot >1002a >090 L> 030 L> | >09at >

dicumyl peroxide (decomposition temperature: 126 °C in rapid
heating test, Percumyl D, manufactured by NOF Corporation,
hereafter referred as "initiator") was used. As the fillexr (A),
silver powder in a flake-like form having an average particle
size of 3pmand amaximumparticle sizeof 20 pm (hereafter referred
as "silver powdexr") was used. Also, lauryl acrylate (Light Ester
1A, manufactured by KYOEISHA CHEMICAL Co., LTD., hereafter
referred as "diluent") and a silane coupling agent having a
methacryl group (KBM-503, manufacturedby Shin-EtsuChemicalCo.,
Ltd., hereafter referred as "methacryl silane”} were used.

These compounds were compounded in combination as shown
in Table 1 and kneaded by means of the three-roll mill followed
by defoaming, thus resin compositions were obtained.

In Comparative example Al, polyethylene glycol
dimethacrylate {BLEMMER PDE-400, manufactured by NOF
Corporation, hereafter referred as "compound 4") was used. In
Comparative example A3, diglycidyl bisphencl A obtainable by
reacting bisphenol A and epichlorohydrin {epoxy equivalent: 180,
liguid at roomtemperature, hereafter referredas "bis~-A-epoxy"),
cresyl glycidyl ether (epoxy equivalent: 185, hereafter referred
as "CGE"), phenol novolac resin (hydroxyl equivalent: 104,
softening peoint: 85 °C, hereafiter referred as "PN"),
2~-phenyl-4, 5-dihydroxymethylimidazole (product name: Curezole,
manufactured by Shikoku Chemicals Corporation, hereafter
referred as "2PHZ") and a silane coupling agent having a glycidyl
group (KBM~403E, manufactured by Shin-Etsu Chemical Co., Ltd.,
hereafter referred as "epoxy silane") were used.

The obtained resin compositions were evaluated in the
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following manner. The evaluation results are shown in Table 1.
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<Evaluation method of Experimental example series A>
{1) Viscosity

Using an E type viscometer (3° cone)}, values were measured
at 2.5 rpm at 25 "C just after producing a resin composition and
after leaving for 48 hours at 25 °C. A measured result having
viscosity of 15 to 25 Pa's just after production and viscosity
increasing rate after 48 hours of less than 20 % was evaluated
to have passed the criteria. A unit of viscosity is "Pa:s™ and

a unit of viscosity increasing rate is "%".

(2} Adhesion strength

A6x6mmsilicon chip was mounted on a silver plated copper
frame using the obtained resin composition and cured on a hot
plate of 200 °C for 30 seconds and in an oven of 150 °C for 60
minutes respectively. After curing and PCT process (121 °C, 100
%, 72 hours), hot die shear strength at 260 'C was measured by
means of the automatic adhesion strength tester. A measured
result having hot die shear strength at 260 °C of 30 N/chip or
more was evaluated tohave passedthe criteria. Aunitof adhesion

strength is "N/chip".

(3) Solder crack resistance

The following lead frame and the following silicon chip
were bonded by curing under the following curing condition using
the obtained resin compositions followed by molding by an epoxy
molding compound (Sumikon EME-7026, manufactured by Sumitomo
Bakelite Company Limited). The package was subject toamoisture

absorption treatment for 192 hours in an atmosphere of 60 "C and
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60% relative humidity, and then to an IR reflow treatment (260
‘C, 10 seconds, three times of reflow). Then, the degree of
delamination of packages after the treatments was measured by
means of the scanning acoustic microscope detector (through scan
mode). Ameasuredresult having adelaminatedareaofadieattach
portionofless than 10 % was evaluated tohavepassed thecriteria.
A unit of delaminated area is "%".

Package: QFP (14 x 20 x 2.0 mm)

Lead frame: silver spot plated copper frame

Chip size: 6 2 6 mm

Curing condition of a resin composition: a hot plate at

200 °C for 60 seconds

Next, experimental examples of the second composition
system (Experimental example series B) arehereinafter described.

The compounding ratio is in "part by weight".

(Examples Bl to B4, Comparative examples Bl to B4)

As the compound {B), polyether-based bismaleimide acetic
ester (LUMICURE MiIR-200, manufactured by DAINIPPON INK &
CHEMICALS, INC., a compound wherein R? is —CH;- and R® is -CHp-
in the formula (2), and X* is ~O- and R* is —C4Hg- in the formula
{1}, hereafter referredas "compound 1") wasused. Asthecompound
(D}, polypropylene glycol dimethacrylate (BLEMMER PDP-400,
manufactured by NOF Corporation, hereafter referred as "compound
2"} and polytetramethylene glycol dimethacrylate (BLEMMER
POT-800, manufactured by NOF Corporation, hereafter referred as

"compound 3") wereused. Asthecompound (L) containingaglycidyl
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group, polytetramethylene glycol diglyecidyl ether (ED-612,
manufactured by Asahi Denka Co., Ltd., hereafter referred as
"compound 4") and polypropylene glycol diglycidyl ether (ED-506,
manufactured by Asahi Denka Co., Ltd., hereafter referred as
"compound 5"} were used. As the compound (M) which reacts with
a glycidyl group, 2-phenyl-4, 5-dihydroxymethylimidazole
(product name: Curezole, manufactured by Shikoku Chemicals
Corporation, hereafter referred as "2PHZ") was used. As the
thermal radical initiator (C), dicumyl peroxide (decomposition
temperature: 126 °C in rapid heating test, Percumyl D,
manufactured by NOF Corporation, hereafter referred as
"initiator") was used. As the filler (A), silver powder in a
flake-l1ike form having an average particle size of 3 ym and a
maximum particle size of 20 um (hereafter referred as "silver
powder") was used. Also, lauryl acrylate (Light Ester LA,
manufactured by XYOEISHA CHEMICAL Co., LTD., hereafter referread
as "diluent"), a silane coupling agent having a methacryl group
(KBM-503, manufacturedby Shin-EtsuChemical Co., Ltd., hereafter
referred as "methacryl silane™) anda silane coupling agent having
a glycidyl group (KBM-403E, manufactured by Shin-Etsu Chemical
Co., Ltd., hereafter referred as "epoxy silane") were used.

These compounds were compounded as shown in Table 2 and
kneaded by means of the three-~roll mill followed by defoaming,
thus obtained resin compositions.

In Comparative examples Bl and B2, polyethylene glycol
dimethacrylate (BLEMMER PDE-400, manufactured by NOF
Corporation, hereafter referred as "compound 6”7} was used. 1In

Comparative example B4, diglycidyl bisphenol A obtained by
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reacting bisphencl A and epichlorohydrin (epoxy equivalent: 180,
liguidat roomtemperature, hereafter referred aé "bis-A-epoxy") .,
cresyl glycidyl ether (epoxy equivalent: 185, hereafter referred
as "CGE™) and phenol noveolac resin (hydroxyl equivalent: 104,
softening point: 85 °C, hereafter referred as "PN") were used.

The obtained resin compositions were evaluated in the

following manner. The evaluation results are shown in Tabkle 2.

48



X ¢ X 3 X 10X O !0+ 0O0 0 uoljen|eae saisusye.diog
boe  bos Do boe  [or> oty o> ok (%) BOJE pojeUwE|o(]|  SOUEB}SISES YOB.O JSPOg
oz iz i &z |w ey iob ey | 10d 494y (uno)

o o B iws v tos e e | mwmouyy | e (So/N)
s it i 12 |8y (v igy oy 10d 4oy (a37d tpBURS UOISSUPY
e T e e e Ea s [ e ey et 3w spuoes o

BT P T e YA T A S I T el Buseasoul Ausoosia|
AT T T L T VA T L Ays0dsiA
9ig 1 esL 198l (09l |6l gLl

aug|ls Axod3

hdAsAmmssmEARmAsmEEm——— amssavanmemnnn—

£20 1900 1900 900 |900 ;900 900
i g0 140 160 | ¢0 180 120

|||||||| e T Y L LT CE LT L TPy

0 10 :10

-m”m._._..-:w ...... T - ........ I TR T Rxoda iy —sig]
0L TO08 TO08 1008 | 008 1008 {008 io0e | . opmod anig]
et FOBVO ivo_ivo v ko mmeeneeeeeman e e e o im!

: : : Juenjiq
TR I N T o g punodiuog)
R T T T g punodusog)]
..mv.. .. ) T nmmmmmmmmmmmmmanmmmmet T, punodiuton)|
........ I 1 T T T e punodwon)|
R R g punodiuc)

: tLL 188 |86 i8g 189 186 | punodiuony
pd €8 28 19 [y8 8 izgd  !l€

g|dwexs aae/edwon s|dwex]

Z eTgel

49




<Evaluation method of Experimental example series B>
(1) Viscosity

Using an E type viscometer (3° cone), values were measured
at 2.5 rpm at 25 "C just after producing a resin composition and
after leaving for 48 hours at 25 °C. A measured result having
viscosity of 15 to 25 Pa* s just after production and viscosity
increasing rate after 48 hours of less than 20 % was evaluated
to have passed the criteria. A unit of viscosity is "Pa* s" and

a unit of viscosity increasing rate is "&".

{2) Adhesion strength

A6 x 6mm silicon chip was mounted on a ring plated copper
frame (silver plated only on inner lead part) using the obtained
resin compositions and cured on a hot plate of 200 "C for 30 seconds
and in an oven of 150 "C for 60 minutes respectively. After .curing
and PCT process (121 °C, 100 %, 72 hours), hot die shear strength
at 260 "C was measured by means of the automatic adhesion strength
tester. A measured result having hot die shear strength at 260
*C of 30 N/chip or more was evaluated to have passed the criteria.

A unit of adhesion strength is “N/chip”.

(3} Solder_ crack resistance

The following lead frame and the following silicon chip
were bonded by curing under the following curing condition with
the use of the obtained resin compositions followed by molding
by an epoxy molding compound (Sumikon EME-7026, manufactured by
Sumitomo Bakelite Company Limited). The package was subject to

a moisture absorption treatment for 192 hours in an atmosphere
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of 60 °C and 60% relative humidity, and then to an IR reflow
treatment (260 °C, 10 seconds, three times of reflow). Then,
the degree of delamination of packages after the treatments was
measured by means of the scanning acoustic microscope detector
(through scan mode). Ameasured result having a delaminated area
of a die attach portion of less than 10 % was evaluated to have
passed the criteria. A unit of delaminated area is ™3%”.

Package: QFP (14 x 20 x 2.0 mm)

Lead frame: ring plated copper frame (silver plated only
on inner lead part)

Chip size: 6 x 6 mm

Curing condition of a resin composition: a hot plate at

200 °*C for 60 seconds

Next, experimental examples of the third compositionsystem
(Experimental example sexries C) are hereinafter described. The

compounding ratio is in "part by weight".

(Example Cl to C4)
{1} Synthesis of a maleimide of amino acid
{1-1) Maleimide acetic acid

After 120 g of maleic anhydride and 500 g of toluene were
charged in a separable flask and refluxed for one hour while
stirringtoremovemoisture inthe systembymeans of the Dean-Stark
trap, the flaskwas cooledtoroomtemperature followed by dropping
a liquid wherein 75 g of glycine {(amincacetic acid) was solved
in 200 g of acetonitrile in the flask placed in an ice bath for

60 minutes while introducing dry nitrogen, and then the liquid
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was stirred at room temperature for 23 hours.

Next, the liquid was stirred under reflux for 8 hours while
removing the generated moisture by the Dean-Stark trap. The
obtained liquid phase was subject to separation for washing using
pure water for 5 times followed by removing a solvent using the
evaporator and the vacuum dryer, thus obtained a product. The
obtained product was brown crystal and had yield of about 150

g. Formation of maleimide groups was confirmed by NMR and IR.

{1-2) Maleimide caproic acid

After 120 g of maleic anhydride and 500 g of toluene were
charged in a separable flask and refluxed for one hour while
stirring toremovemoisture inthe systembymeans of the Dean-Stark
trap, the flaskwas cooled to roomtemperature followedby dropping
a liquid wherein 131 g of 6-aminocaproic acid was solved in 200
g of acetonitrile in the flask placed in an ice bath for 60 minutes
while introducing dry nitrogen, and then the liquid was stirred
at room temperature for 23 hours.

Next, the liquid was stirred under reflux for 8 hours while
removing the generated moisture by the Dean-Stark trap. The
obtained liquid phase was subject to separation for washing using
pure water for 5 times followed by removing a solvent using the
evaporator and the vacuum dryer, thus obtained a product. The
obtained product was brown crystal and had yield of about 195

g. Formation of maleimide groups was confirmed by NMR and IR.

{2) Reaction of a male;‘.mide of amino acid and diol

(2-1) Reaction of maleimide acetic acid and polypropylene
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glycoldiol

After 62 g of maleimide acetic acid synthesized in (1-1),
90 g of polypropylene glycoldiol (repeating number of about 7,
Uniol D-400, manufactured by NOF Corporation), 500 g of toluene
and 3.4 g of paratoluene sulfonic acid were charged in a separable
flask and refluxed for 16 hours while stirring. The generated
molsture was removed cutside the system by the Dean-Stark trap.
After reaction, the obtained liquid phase was subject to
separation for washing using 70 "C distilled water for 3 times
anddistilled water at room temperature for 2 times. The obtained
solvent layer was dried using the evaporator and the vacuumdryer,
thus obtained a product. The obtained product was brown liquid
and had yield of about 130 g. Formation of ester bonds and
disappearance of carboxyl groups were confirmed by NMR and IR.
The obtained product is a bismaleimide compound (B') represented
by the formula (3) wherein X% is -0-, R* is ~H, R’ has 1 carbon,
R® has 3 carbons and "n” is about 6, which is hereafter referred

as "compound B1".

(2-2) Reaction of maleimide acetic acid and polybutylene
glycoldiol

After 62 g of maleimide acetic acid synthesized in (1-1),
110 g of polybutylene glycoldiol (repeating number of about 7,
Uniol PB-500, manufactured by NOF Corporation), 500 g of toluene
and 3.4 g of paratoluene sulfonic acid were charged in a separable
flask and obtained a product similarly as {2-1). The obtained

product was brown liguid and had yield of about 150 g. Formation
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of ester bonds and disappearance of carboxyl groups were confirmed
by NMR and IR. The obtained product is a bismaleimide compound
{B') represented by the formula (3) wherein x* is -0~, R is -H,
R® has 1 carbon, R® has 4 carbons and "n" is about 6, which is

hereafter referred as "compound B2".

(2-3) Reaction of maleimide caproic acid and polypropylene
glycoldiol

After 84 g of maleimide capreic acid synthesized in (1-2),
90 g of polypropylene glycoldiol {(repeating number of about 7,
Uniol D-400, manufactured by NOF Corporation), 500 g of toluene
and 3.4 g of paratoluene sulfonic acid were charged in a separable
flask and obtained a product similarly as (2-1). The cbtained
product was brown liguid and had yield of about 150 g. Formation
of ester bonds and disappearance of carboxyl groups were confirmed
by NMR and IR. The obtained product is a bismaleimide compound
(B') represented by the formula (3) wherein X* is -0-, R* is -H,
R® has 5 carbons, R® has 3 carbons and "n" is about 6, which is

hereafter referred as "compound B3".

{2-4) Reaction of maleimide caproic acid and polybutylene .
glycoldiol

After 84 g of maleimide caproic acid synthesized in (1-2),
110 g of polybutylene glycoldiol (repeating number of about 7,
Unicl PB-500, manufactured by NOF Corporation), 500 g of toluene
and 3.4 g of paratoluene sulfonic acid were charged in a separable
flask and obtained a product similarly as {(2-1). The obtained

product was brown liquid and had yield of about 167 g. Formation
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of ester bonds and disappearance of carboxyl groups were confirmed
by NMR and IR. The obtained product is a compound represented
by the formula (3) wherein x? is ~0-, R* is -H, R® has 5 carbons,
R® has 4 carbons and "n" is about 6, which is hereafter referred

as "compound B4".

(3) Reaction of acrylic acid and polybutylene glycoldiol

After 35gof acrylicacid, 104 gof polybutylene glycoldiol
{repeating number of about 7, Uniol PB-500, manufactured by NOF
Corporation), 500 g of toluene and 3.4 g of paratoluene sulfonic
acid were charged in a separable flask and refluxed for 16 hours
while stirring. The generated moisture was removed outside the
system by the Dean-Stark trap. After reaction, the obtained
liguid phase was subject to separation for washing using 70 °C
distilledwater for 3times anddistilledwater at roomtemperature
for 2 times. The obtained solvent layer was dried using the
evaporator and the vacuum dryer, thus obtained a praoduct. The
obtained product was light brown liquid and had yield of about
120 g. Formation of ester bonds and disappearance of carboxyl
groups were confirmed by NMR and IR. The obtained product is
hereafter referred as "compound X".

As the filler (A), silver powder ina flake~like formhaving
an average particle size of 8 ym and a maximum particle size of
30 ym (hereafter referred as "silver powder") was used. As the
compound (B), the compounds Bl to B4 were used. As the acrylic
ester compound (E), 2-hydroxypropyl methacrylate (the formula
(5) wherein R® is a methyl group, R? is a methyl group, x=1, y=1

and z=1, Light Ester HOP, manufactured by KYOEISHA CHEMICAL Co.,
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LTD., hereafter referred as "compound E1"} and glycerol
dimethacrylate (the formula (5) wherein R® is a methyl group,
x=2, y=1 and z=0, Light Ester G~101P, manufactured by KYOEISHA
CHEMICAL Co., LTD., hereafter referred as "compound E2")} were
used. As the thermal radical initiator (C), dicumyl peroxide
(decompositiontemperature: 126 "Cinrapidheatingtest, Percumyl
D, manufactured by NOF Corporation, hereafter referred as
"initiator") was used.

Also, the compound X was used, and as silane couplingagents,
a silane coupling agent having a tetrasulfide bond (A-1289,
manufacturedbyNippon Unicar Company Limited, hereafter referred
as "couplingagent 1”) anda silanecouplingagenthavingaglycidyl
group (KBM-403E, manufactured by Shin-Etsu Chemical Co., Ltd.,
hereafter referred as "coupling agent 2") were used.

These compounds were compounded in combination as shown
in Table 3 and kneaded by means of the three-roll mill followed

by defoaming, thus a resin composition was obtained.

{(Example C5)

As a vinyl compound in liguid form, the compound X was used.

{Example C6)

As a compound having a glycidyl group, diglycidyl bisphenol
A obtainable by reacting bisphenol A and epichlorohydrin {epoxy
equivalent: 180, liquid at room temperature, hereafter referred
as "compound Y1") and a reacted product of 2-methylimidazcle and
2,4-diamino-6-vinyltriazine ({product name: Curezole 2MZ-A,

manufactured by Shikoku Chemicals Corporation, hereafter
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referred as "compound Y2") were used.

{Comparative examples Cl and C2)
Each of the compounds is compounded in ratio as shown in
Table 3, thus obtained resin compositions similarly toc Example

CIL.

(Comparative example C3)
1, 6-Hexandiol dimethacrylate (Light Ester 1, 6HX,
manufactured by KYOEISHA CHEMICAL Co., LTD., hereafter referred

as "compound Z1"} was used.

(Comparative example C4)
2,2-bis{4~(4-maleimidephenoxy)phenyl]propane (BMI-80,
manufactured by K+ I CHEMICAL INDUSTRY C0O., LTD.) was used. As
BMI-80 is in solid form, BMI-80 and dimethylformamide (DMF) were
mixed by weight ratic of 1:1 and used in solution form (hereafter
referred as “compound Z27).
The obtained resin compositions were evaluated in the

following manner. The evaluation results are shown in Table 3.
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cycl e resistance Del am nated area <Eval uati on net hod of
Experimental exanple series C (1) Adhesion strength A 6x 6nmm
silicon chip was nounted on a copper frame using the obtained resin
conposition and cured in an oven of 150 C for 30 mi nutes. Three kinds
of copper franmes were used, nanely, silver spot plating (silver
plated on a die pad portion), silver ring plating (die pad portion is
made of copper) and N -Pd/ Au plating. After curing and the noisture
absor pti on<BEvaehtatenn @5hGl 85%xpkX imemts)]l, cRatplk esexliear Cstrengt h at
260 C was neasured by neans of the automatic adhesion strength
tester. A fehdAfasiossgteepabing hot di e shear strength at 260 C of

30 N chi l.uated tq h the criteria. Aunit of
adnesi on' st1 engfh 1 o R0 (3 P ERARG Lod o & EREd FPYt UOHES

cured produgd S as S LY S MdBRARS oA ah e ORid 43! ﬂ‘ S as g shetere
t he above-nentioned adhesi on strength neasurenent. Fhe haxi rum | ength
of bl eedi ngopBoaatiuiast Pheese Kassdef topfe AT rahesdidi® udeMEASHERY,
result having bleeding length of 50 umor |ess was eval uated to have
passed t hestlverspat pAaiding 6filbiecediaged on"puiie KB) pdenperpt sidver
cycl e resistance A 15 x 15 x 0.5 mmsilicon chip was nounted

on a N pl&e RIGI360 heae Rt @edédonsingnadee adhearped) rasyl Ni-Pd/Au
it d i ) f 150 C for. 30 mjnutes. Aft

cur g anc® ERe N BF Boh FES a8 ROt i BO0o T ES SpaTEgt (R §Be Bybe 45

del am nat i e@, wasy measiied )bndEans < &E*&%@%@ﬂ 4 2@60’@%& measured

m cr oscope detector (through scan no A neasured resu avi ng

del am nat eifly aic@asobf [@esattonati® Yanesiey attahgthtiestare paseaduibbe
criteria. Aunit of delamnated area is "% . (4) Warpage and reflow
resi st anceresult haphadflppt gliienghsabsstzargti edd24¢ afepfad@ NAehip or

followng silicon chip were bonded by curing at 150 C for 30 m nutes
Lo ng oS RO TR D SV BRESS BB TRV PaB R e Ok B feurd WRLL RAPGUGEL OF
10 nmm on dj h Qfs G.l@,i/gﬁ iface was neasured by means of the
surface roughness neter. A unit of warpage is "gm'. A neasured result
havi ng war page of 20 gmor | ess was eval uated to have passed the
criteria. Also, simlarly die bonded | ead frane was nol ded using a
mol di ng cobPouidkgd8wmd kon EME- 7026, manufactured by Sumitonp Bakelite

Conmpany Limted). The,%ackage was subject to a noisture absorption
treatnent for 192L%RANS o e FHish REPEUEE S 85 CORFE T BBY P Mstange ot

hum dity, at t 0 c .
threeti mss%g‘%j I?Q?P%%v? %ce%é%éo?eé %%feam{ﬁﬁ%t ?%%ﬁ%ﬂ%enr&t% ﬁ"eg‘st %@g‘t% F’réﬁ S
was neasur gehr-dyg e ks sokehBRt SCARRI NGx BRANSIdHgtH 6EOSTORE MHELACLAEN
(through scan node). Aneasured result having a del am nated area of a
di e attachtestr tpiereofvakedsfimah a0 Wewdingvalluakeduted haas Jfadsednthe
criteria. Aunit of delamnated area is "% . Package: QFP (14 x 20 x
2.0 mm) Leatretine Lleagiiert sPotiploat dase opperevRlapied to have passed

the criteria. A unit of bleeding is "um".

(3) Temperature cycle resistance

A15x 15 x 0.5 mm silicon chip was mounted on a Ni plated
copper heat spreader using the obtained resin compositions and
cured in an oven of 150 °C for 30 minutes. After curing and the
temperature cycle process (-65 ‘C « 150 °C, 100 cycles),

delamination was measured by means of the scanning acoustic
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Chip size: 9 x 9 nun Curing condition of a resin conposition:
in an oven at 150 C for 30 m nutes Next, experinental

exanpl es of the forth conposition system (Experinental exanple series
D) are hereinafter described. The conmpounding ratio is in "part by
wei ght". (Exanples D1, D2 and D3) (1) Preparation of conpound (1)

67 g of polytetranethyl ene glycoldiol (repeating unit nunber of about
9 neasured by NMR, PTM®*50, nmanufactured by M tsubishi Chem cal

Cor por at i aricrasdoRd4 debécsorccithoowyhhyarandmodeéagent heasneedt reswEld
with a m xed solvent of acetonitrile/toluene (weight ratio 1:3) under
reflux fohavadae Fetaslraiaconse® BE departaronftbmaradiit hiptiesd fg have
ion-excharﬁ%e V\%’[ ?]é for,5 tinmes After%]}c]ocjt%}ecti ng %he . maw
acet oni t r FPEFEST T8ReCTHYR 2 deftydPar | *Pe8A5eDf 21 He ‘Bearf- St ar k
trap under ref lux and cooling to roomtenperature, 25 g of

2- hydr oxyl et hyl acryl am de (HEAA, manufactured by Kohjin Co., Ltd.,
hereaf t er ef %ﬁ;gggasaﬁ&a@fj)omgsgg%gcé ol | oned by droppi ng

di cycl ocar bodi i m de/ di met hyl am nopyridine in ethyl acetate solution
while stirring. Thét follbwipyy regpbsteatei ¢bead st yzerd)ormed tae fobhowing
tenperature for 16 hours. After reaction, separation for
washi ng wes 13EPROFIHERIVEEE RPICSA- 2% cHaREE akal e? “Fofois 3Pimgites using
Thereafter, the organic. solvent |a s, filtrated to remove_soli
Content 1 G Eo BT SR8 o FrptHSE ng AERE cOubihd SRV EREE 96
vacuum dr t -%Q_;to%i e lﬁgﬁ’%‘& T, ' d

used for %iﬁ}tram{‘noélsllll’lzdvﬁ ng tags'?ga%n re:‘fgrg{rzgd‘m%e?%taagkgrggalgpg%%ﬁgoaﬁg&e
(1)". The sabtfaicaethwshieesnteted. yRahtl b falkawhg85i H0'and. a Shysmneed
standard nol ecul ar wei ght by GPC of about 1,000. The conpound (1) is
a conpound-espiErhaningvd zpage o Hidl IRIohies g weardyedyasad tor veepastetg

nunber of about,9 in the_ fornula _ (6), and R11 is -Hin the for a
(7). (2) I”%@pﬁﬂ&?’&’r@bf A&Bﬂpoﬁ}ﬂ&l(af%ly die bondgd oL&d HERRT MESHTTyi%he

gl ycol di ol (:ayera c bgh 70 Ji~al- PB-

manuf act urug&%éy al\l%%lgg%’ §o?§?‘?’8ﬁ§aarﬁ%“‘§éf‘°g“ 0 E'LthIjig%iGﬁi Eaég%/%w%eed by
(reagent) siefi€ombl B8 iWel oo X 2Ang OLAPNt TOE FHLAiQ has Iseibtebuens
(weight ratio 1:3) under reflux for four hours foll owed by separation
f or washi rgmasphgr¢ Ghsprpitanget weaarerftiofos 194rbourAf trranc gbnesphene
the acetonitrile/tol yene |ayer, dehydration by nmeans of the

Dean- St ar ®% #3p GnaB PRY | 6 A & SHFHAGEY 0 FbhIEImyEr 8PurFE, roElQy of
2- hydr oxylt%te%)éhgg%y(lgg;@' ﬂféAgd" ecbngg,gg{élg(g% gﬁﬁg\s;\e%ﬁ %}Hj 'w@ Corne bk free

hereafter Tefterre was - a roppi ng

di cycl ocardyodich BinglR4 €i s tdptaamcRaPY £ s g d N wak b a SeRIALS, mehHEI Of
while stirring. After dropping, reaction was perforned at room

t enper at urthef ecadfimpweeonstic micwfdaper éaicddion; (Sbpanglt ismanf nede) .
washi ng was perfornmed using ion-exchange water for 5 tines.

Ther eaf t e MeFeridyees &l b Vi 2 dgyaninated ared af el ivat b eosbi o1
tent fol d i | ing th t dt
Vacuam dr yir LoER el Kl 2eB e e T hE e AR SR E R e s K

used for the gl g@@ggﬁgz@éé rnef eered hereafter as "conpound
(2)". The obtained conpound had yi el dof about 87% production of

ester was confi paeRady: NMP and kR2and styrmme standard nol ecul ar

wei ght by GPC was about 1,000. The conpound (2) is a conpound wherein
X4 is -0- and RlehdsfArame baislvand sphe pepead iquppeantiermef about 9 in
the formula (6), and R11 is -Hin the formula (7). As the
acryl am de conpbtiB FFje: thet #bdPe- menti oned conpound (1) and

conmpound (2) were_used. the conpound (B ol .yet her - based

bi ohal o1 m b acEEFENE SRS L CORE AT S0 RETHLh AROEgR at 150
DAI NI PPON : I NC., a conmpound wherein R2 is -C2H2- and
RBis -O%Z-d\lil%r?(%t%e'd%g@nt%% (2), and XI is -0- and RL is -CAH3- in the
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Each conponent was conpounded in ratio as shown in Table 4, and
simlarly to Exanple D1, resin conpositions were obtained. In
Conparative exanple DI, diacrylate of tetranethyl eneoxide (NK ester
A- PTMG 65, manufactured by SH N- NAKAMURA CHEM CAL CO. , LTD. ,
hereafter referred as "conpound (4)") was used. The obt ai ned
resin conpositions wee evaluated in the foll owi ng manner. The
evaluation results are shown in Table 4. Conparative exanple Za 0 ¢

LOO O tri co Next Yexperimental examples of the forth composition system
(Experimental example series D) are hereinafter described. The

compounding ratio is in "part by weight".

(Examples D1, D2 and D3)
{1} Preparation of compound (1)

67 g of polytetramethylene glycoldiol (repeating unit
number of about 9 measured by NMR, PTMG650, manufactured by
Mitsubishi Chemical Corporation) and 24 g of succinic anhydride
{(reagent) were stirred with a mixed solvent of
acetonitrile/toluene (weight ratio 1:3) under reflux for four
hoursfollowedbyseparationforwashingusingion—exchanggwater
for 5 times. After collecting the acetonitrile/toluene layer,
dehydration by means of the Dean-Stark trap under reflux and
cooling to room temperature, 25 g of 2-hydroxylethylacrylamide
(HEAA, manufactured by Kohjin Co., Ltd., hereafter referred as
"HEAA"™) was added followed by drbpping
dicyclocarbodiimide/dimethylaminopyridine in ethyl acetate
solutionwhile stirring. After dropping, reaction was performed
at room temperature for 16 hours.

After reaction, separation for washing was performed using
ion-exchange water for 5 times. Thereafter, the organic solvent
layer was filtrated to remove solid content followed by removing
a sclvent using the evaporator and the vacuumdryer, thus obtained
a compound. The cobtained compound was used for the following
tests and referred hereafter as "compound {1)". The obtained
compound had yield of about 85 % and a styrene standard molecular

weight by GPC of about 1,000. The compound (1) is a compound
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wherein X' is ~0- and R has 4 carbons and the repeating number

of about 9 in the formula (6), and R is ~H in the formula (7).

{2) Preparation of compound {2}

70 g of polytetrbutylene glyceldiol {average molecular
weight of 700, Uniol PB-700, manufactured by NOF Corporation)
and 24 g of succinic anhydride (reagent) were stirred with a mixed
solvent of acetonitrile/toluene (weight ratio 1:3) under reflux
for four hours followed by separation for washing using
ion-exchange water for 5 times. After collecting the
acetonitrile/toluene layer, dehydration by means of the
Dean-Stark trap under reflux and cooling to room temperature,
25 g of 2-hydroxylethylacrylamide (HEAA, manufactured by Kohjin
Co., Ltd., hereafter referred as "HERA") was added followed by
dropping dicyclocarbodiimide/dimethylaminopyridine in ethyl
acetate solution while stirring. After dropping, reaction was
performed at room temperature for 16 hours.

After reaction, separation for washing was performed using
ion-exchange water for 5 times. Thereafter, the organic solvent
layer was filtrated to remove solid content followed by removing
a solvent using the evaporator and the vacuum dryer, thus cbtained
a compound. The obtained compound was used for the following
tests and referred hereafter as "compound (2)". The obtained
compound had yield of about 87 %, production of ester was confirmed
by NMR and IR and styrene standard molecular weight by GPC was
about 1,000. The compound (2) is a compound wherein X! is -0-
and R* has 4 carbons and the repeating number of about 9 in the

formula (6), and R is -H in the formula (7).
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As the acrylamide compound (F), the above-mentioned
compound (1) and compound (2) were used. As the compound (B},
polyether-based bismaleimide acetic ester {(LUMICURE MIA-~200,
manufactured by DAINIPPON INK & CHEMICALS, INC., a compound
wherein R? is —CyHp- and R® is -CH,- in the formula (2), and x!
is -0~ and R' is —C4Hg- in the formula (1), hereafter referred
as "compound (3)") was used. As the reactive diluent (I), lauryl
acrylate (Light Ester LA, manufactured by KYOEISHA CHEMICAL Co.,
LTD., hereafter referred as "diluent”} was used. As the thermal
radical initiator (C}, dicumyl peroxide (decomposition
temperature: 126 °‘C in rapid heating test, Percumyl D,
manufactured by NOF Corporation, hereafter referred as
"initiator"”) was used. BAs the silane coupling agent, a silane
coupling agent having a tetrasulfide bond (A-1289, manufactured
by Nippon Unicar Company Limited, hereafter referred as "coupling
agent 1") and a silane coupling agent having a glycidyl group
(KBM-403E, manufactured by Shin-Etsu Chemical Co., Ltd.,
hereafterreferredas "couplingagent 2") wereused. Asthefiller
(A), silver powder in a flake-like formhaving an average particle
sizeof 5pymand amaximumparticle size of 30 ym (heresafter referred
as "silver powder™) was used.

These components were compounded in combination as shown
in Table 4 and kneaded by means of the three-roll mill followed
by defoaming, thus resin compositions were obtained. The

compounding ratio is in “part by weight”.

(Comparative examples D1 and D2)

Each component was compounded in ratio as shown in Table
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4, and similarly to Example D1, resin compositions were obtained.
In Comparative example D1, diacrylate of tetramethylenecxide (NK
ester 3~PTMG 65, manufactured by SHIN-NAKAMURA CHEMICAL CCG., LTD.,
hereafter referred as “compound (4)”) was used.

The obtained resin compositions were evaluated in the

following manner. The evaluation results are shown in Table 4.
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[ War page <Eval uation net hod of Experinental exanple series
D> (1) Adhesion strength A6 x 6 ramsilicon chip was nounted
on a silver plated copper frane using the obtained resin conpositions
and cured in an oven of 150 C for 15 minutes. After curing and the
noi sture absorption treatnment (85 C, 85 % 72 hours), hot die shear
strength at 260 Cwas neasuredbynmeans of the automatic adhesion
strength tester . A neasured result having hot die shear strength at

260 C of 3ku¥16BkRoAr mEPKEd VS mahuabrdal G hassedsthe criteria.
A unit of adhesion strength is "N chip". (2) rpage and refl ow

resi stance(l) AdhesThe $orémyimg substrate (lead frane) and the
follow ng silicon chip were bonded by curing at 150 C for 15 m nutes
usi ng resin conPdsrttHRSidhoNn ChiP Tas rountesf erp Tuviargelatahaepr ot

10 ' | . of _chi f d b f.th
curface v gHRECS et BF ChUAIE! B G FRBRee T CLomRPRa AUrsact & TERUI 1
havi .
I i e e e L R S

nol di ng campeuwnentStes ken &VE, 792houranyfaal Wi etsHyAa rSyBT&0gn Bakedd te
Conmpany Limted). The package was subject to a noisture absorption
treat ment Towashiahowrdby means af mhepintoeadi c 88h€s aonl s608hgeth e svar.
hum dity, and then to an IR reflow treatnment (260 C, 10 seconds,

t hr eet i ned* BEaFBFEBWesSulthBaEgre doff dde | haractbenglh @t 2he "C of 30

t t t db th ' ic.m

detector CUTPRHG SEAR TRUE) LRI b A0 Bautt 1At A0 heGer anhdt Bl

area of a gh e akkach %Q%ﬁ&[”h q;s lggenipan 10 % was eval uated to have
0

passed the criteri a. uni del'am hated area is "%.

(2) Warpage and reflow resistance

The following substrate (lead frame) and the following
silicon chip were bonded by curing at 150 °C for 15 minutes using
resin compositions shown in Table 4. After curing, warpage of
10 mm on diagonal of chip surface was measured by means of the
surface roughness meter. A unit of warpage is "um". A measured
result having warpage of 20 pmor less was evaluated to have passed
the criteria. Also, similarly die bonded lead frame was molded
using a molding compound (Sumikon EME-7026, manufactured by
Sumitomo Bakelite Company Limited). The package was subject to
a molsture absorption treatment for 192 hours in an atmosphere
of 85 °C and 60% relative humidity, and then to an IR reflow
treatment (260 °C, 10 seconds, three times of reflow). Thedegree
of delamination after the treatments was measured by means of
the scanning acoustic microscope detector (through scan mode) .
Ameasured result having a delaminated area of adie attachportion

of less than 10 % was evaluated to have passed the criteria. A
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Package: QFP (14 x 20 x 2.0 mm Lead franme: silver spot plated copper
frame Chip size: 9 x 9 mm Curing condition of a resin
conposition: in an oven at 150 C for 30 m nutes Next ,
experinmental exanples of the fifth conposition system (Experinmental
exanpl e series E) are hereinafter described. The conmpounding ratio is
in "part by weight". (Exanples El, E2 and E3) As the conpound
(B), polyether-based bisnmal ei mde acetic ester (LUM CURE M A- 200,
manuf act ur g1 byo PAN RPN ENKz 8 SHEM'GALS, I NC., a conpound wherein
R2 is -C2H2- and R2 is -CH2- in the formula (2), and X1 is -0- and Rl
is -CAH2- in thePdaransl:aQfk) (1hex edf ter2.0ef@ired as "conmpound 1") was

used. As the ally' ester conpound (G, an allyl ester conpound (allyl
ester resin DAlCE2adEA@MgEt B EHEDyEISHowd atadcbapprindEi@erein R13 is a
cycl ohexane group in the fgrpula (9), hereafter referred as "conpound
2") was used. As e sf]TZIeI'e? fA% ilver powder in a flake-like form

havi ng an avera J : 1S f TRX] p. Lcle Si
o 30 pm (er car Ty ey ar T EoP PR Sonier T bt Ty ke Thase
t hermal radccabri®o tnigh@kes(C), dicunyl peroxide
(deconpositiontenperature: 126 C in rapidheating test, Percunyl D,
manuf act ured by NOF Corporation, hereafter referred as "initiator")
was used. Also, a silane coupling agent having a nethacryl group

( KBM 503, manuf H3%hRFRFFigRNGaEesgrehefioddihe Tdth gaposifdpaspséem
referred as.”nethacryl. silane”) was ed, . ese conponent
et e CompoJRABR IO AR SRRt 2t S il 1 pea6i a5 S AR RERRR byP®
neans of t ESmf:Bﬁﬁ@iﬂf'ﬂatﬂf‘o' hsfoh! oyed by, defigaping, thus resin
conpositions were obtained. The conpounding ratio is in "part by
wei ght". (Conparative exanple El) Each conponent was conpounded in
ratio as shown in Table 5, and simlarly to Exanple El, a resin
conposi t i oNE#aBPbdE &Hlned2 FRE BBE ai ned resin conposition was

e ] P T 8], pO1TeBHEL RO SR bih Sl R "
ester (LUMICURE MIA-200, manufactured by DAINIPPON INK &
CHEMICALS, INC., a compound wherein R® is —-C;H;— and R® is —CH,-
in the formula (2), and X* is -0~ and R is -C4Hg~ in the formula
(1), hereafter referred as "compound 1") was used. As the allyl
ester compound (G), an allyl ester compound (allyl ester resin
DA101, manufactured by Showa, a compound wherein R'? is a
cyclohexane group in the formula (9), hereafter referred as
“compound 27} was used. As the filler (A), silver powder in a
flake-like form having an average particle size of 5 pm and a
maximum particle size of 30 um (hereafter referred as "silver
powder") was used. As the thermal radical initiator (C), dicumyl
peroxide (decompositiontemperature: 126 "Cinrapidheatingtest,
Percumyl D, manufacturedfnrNOE‘Corporation, hercafter referred
as "initiator") was used. Also, a silane coupling agent having

a methacryl group {(KBM-503, manufactured by Shin-Etsu Chemical
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Co., Ltd., hereafter referred as "methacryl silane") was used.

These components were compounded in combination as shown
in Table 5 and kneaded by means of the three-roll mill followed
by defoaming, thus resin compositions were obtained. The

compounding ratic is in “part by weight”.

(Comparative example E1)
Each component was compounded in ratio as shown in Table
5, andsimilarly toExample El, a resincompositionwas obtained.
The obtained resin composition was evaluated in the

following manner. The evaluation result is shown in Table 5,
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Conpound 2 Initiator Methacryl silane Nichip | Nichip [U#
[ Compr ehensi ve evaluation  After curing | After curing [Warpage
" Adhesion strength 1

<Evaluation method of Experimental example series E>
(1) Adhesion strength 1

A6x 6mmsilicon chip was mounted on a silver plated copper
frame using the obtained resin composition and cured in an oven
of 150 °C for 30 minutes. Hot die shear strength at 260 'C was
measured by means of the automatic adhesion strength tester. A
measured result having hot die shear strength at 260 "C of 40
N/chip or more was evaluated to have passed the criteria. Aunit

of adhesion strength is "N/chip".

(2) Adhesion strength 2

A6 x 6mm silicon chip was mounted on a heat spreader made
of copper having black oxide surface using the obtained resin
compositions and cured in an oven of 150 "C for 30 minutes. Hot
die shear strength at 260 °C was measured by means of the automatic
adhesion strength tester. Ameasured result having hot die shear
strength at 260 °"C of 40 N/chip or more was evaluated to have

passed the criteria. A unit of adhesion strength is "N/chip”.

{(3) Warpage and reflow resistance

The following substrate (lead frame) and the following
silicon chip were bonded by curing at 150 °C for 15 minutes using
resin compositions shown in Table 5. After curing, warpage of
chip surface was measured by means of the surface roughness meter.
A unit of warpage is "um". A measured result having warpage of
20 um or less was evaluated to have passed the criteria. - Also,
similarlydiebonded lead frame was molded using amolding compound

{Sumikon EME-7026, manufactured by Sumitomo Bakelite Company
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" Adhesion strength 2 | Refl ow resistance <Eval uati on met hod of
Experinmental exanple series E> (1) Adhesion strength 1 A6 x 6
nrn silicon chip was nounted on a silver plated copper frame using

t he obtained resin conposition and cured in an oven of 150 C for 30
m nutes. Hot die shear strength at 260 C was neasured by neans of the
automati c adhesion strength tester. A neasured result having hot die
shear strength at 260 C of 40 N chip or nore was eval uated to have
passed t herLuhiteani.a. TAcUBktkfe alRESHASY &IY gt niesi sthir@hiaBsorp2lon
Adhesi on strength 2 A6 x 6 inn silicon chip was nounted on a
heat spreateratmede Oér A8pPpeudsain ag dimeckhoxe ded 3t Canel 68% mglhhéve
obt ai ned resin conpositions and cured in an oven of 150 C for 30

m nut es. HoidiEyshand téerdifgen I& robo Cripatments (260 1§y hRassopdist he

automati c gdhesiqn strength tester. A neasured result having hot die

shear strehngtH éilmféoog g?PszU’%N/ chp% KrInRS é’%\/\ﬁgfﬁq}%ﬁ‘%ﬁ% a%&‘aﬁagtée
dth ' i a. ' ' Ce "N ehin"

Mar page. and TePT o clit hialrRIRP Al { EFPRe Soabipdlbl acopfils

frame) andnidiedpdeO\det@ctbki GeAretyp y&ie Randed by rdéshrgdatedtd *C
for 15 mnutes using resin conpositions shown in Table 5. After
curing, warpegs of dehapimirddeesenast rediar @dtdgh peansonfof Hessuthace

roughness nmeter. A unit of warpage is "pnf. A nmeasured result having
war page of 1®0% pradrevabaated & alarkg fpsasedhdle sadsediene &rppdkiaf

Al'so, sim | v, di.e bonded, | ead, frane was nol ded usi ng a nol di ng
conpound (%%&W%HE??BEG%SW&?]UT actured by Sum tono Bakelite Conpany

Limted). The pagkage.Wagysupj£6t on0 asnpi re absorption treatmnment
for 196 hours in an g?mnggphe?le of BOXC an 6)3%rel ative humdity, and

then to an IR ralkladwfkanat neiivdr?6Bo€, plots@consser tivane ti mes of
reflow). The degree of delami nation after the treatnments was neasured
by nmeans of the&¥danaiirg: aBoxist imm mi cr oscope detector (through scan

node). A neasured result Vi ng del am nated area of a die atta
bor 1 on of T st DT AEIOTRa A P LOTRATEL PavocE ThEVERITarFd.

A unit of delay ngt ﬁl‘%ﬂ"t@? is "% . Package: QFP (14 x 20 x 2.0 mm
Lead frame: silver spot plated copper frame Chip size: 9 x 9 mMm

Curing conditiorieklayl estpecRAsilt bRANplds AT @WensattH Hbnpdsat i8R
m nut es :
system (Experimental example series F') are hereinafter described.

The compounding ratio is in "part by weight".

(Examples Fl1 to F4, Comparative examples Fl to F3)
Polypropylene glycol dimethacrylate (BLEMMER PDP-400,
manufactured by NOF Corporation, hereafter referred as "compound
1"), polytetramethylene glycel dimethacrylate (BLEMMER PDT-800,
manufactured by NOF Corporation, hereafter referredas "cdmpound
2") and as the compound (B), polyether-based bismaleimide acetic
ester (LUMICURE MIA-200, manufactured by DAINIPPON INK &
CHEMICALS, INC., a compound wherein R? is —CpHp- and R?® is ~CH,-
in the formula (2), and X' is -0- and R! is -C4Hg- in the formula

(1), hereafter referred as "compound 3") were used.
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Finally, experimental exanples of the sixth conposition system
(Experinmental exanple series F) are hereinafter described. The
conpounding ratio is in "part by weight". (Exanples FI to F4,
Conparative exanples FI to F3) Pol ypr opyl ene gl ycol

di met hacryl ate (BLEMVER PDP-400, manufactured by NOF Corporation,
hereafter referred as "conpound 1"), polytetranethyl ene glycol

di net hacryl ate (BLEMVER PDT- 800, manufactured by NOF Corporati on,
hereafter referAédthe cammpodgndi2;)a armhresindhévisnpound quBy, at room
pol yet her - based bi smal.eim de acetic ester (LUM CURE M A-200,

manuf act ur SRS AORFRY PESIEA TSR Te B TSARS, T §qRoung Eorptintainnaf ke

R2 is -C2H2- LSE d f 2 i S .,-.0- RI
R 1S s Pratle By Fesd LGS VAP 800 X L fon SA06,

wer e used.1,000, M-10%D-80¢ nRAUREEEEré B i BpSATROUBENENI SLE | Btd & at
roomtenperature, hereafter referred as "conpound 4") wherein after a

mal eat ed poid/ petigdbenpyl enediercdv-akragemsthelenayl wilght : about

1,000, M 1000-80, manufacturebyN pponPetrochem cal sCo. , Ltd. ) and
pol y( pr opylamasitheskyl et e and@IpMERe gf §-RITH8 Gfonomenhizelrsade bBLEMMER
50PPT- 800, manuf actured by NOF Corporation) were reacted in the |
presence OfCRRIATFECAYNY af e FPACEBH Eh &gt PRSI PLAE R Y LrBABGi Yy a

sol vent u r dyceg pr r 0 . per._f e
R Ve SRS PRSP 10 CBR R BTG etucea
manuf act urgek 36 A6YQE! SHA €HRM QRx re@mealdds . udiy eaf ter referred as

"reactive diluent” ) was used. As the thermal radical initiator (O,
di cunyl peroxi dés(tdezagposive ailienpetBit,uleurPGylateaffiigihteRs teng
test, Percunyl D, manufactured by NOF Corﬁoration, hereafter referred
as "initidfor "NeRiEseqidedd kY (HHOHSHRe CHERFCALsCpyer LEBwdeherfnafter
fl ake-1ike_formhavi ng_an aver rfdcle size qf nd .

i mumpar TS S8 35 BFOSONTR ERCFER Vet BRRRT edsand ERF TR padieR?)
was used. Al §0%atdrSid)Ana: el bRYoROEH Y JBAYHPIMBINRELYbe SIAHR : 126

( KBM 503, manuf éacture(fgyshi n- tgu cC):hemé]c(al CoI.Q, Ltd., he'!r)eeafter
referred akxc " et bapiy| heatame" fewds péetumyl D, mIheSSctrgaDUAESNOERTr e
conpounded i n conbination as shown in Table 6 and kneaded by neans of
t he t hr ee-$OIROTATILEDS ohp¥RRir By re¢drsamingg Himidiabeal hedrs asiod. As
conpositions. .. In arative, ex e Fl ol yet hyl ene_gl ycol

G ot hacr A8 B EKNErS POE Lo i r Sepbr et by EOp e Bt ra AT shase
hereaf ter gefierfied a3 o£9PRUHY pad i W8S é’é%ﬂele!é"é«?g?%b |KerEX 2Ll e
F2, acryl -Igm)di fi edplol y%ut g@i ene (a Jéorrp%un * ! (K8

obt ai nedbyhetdesidess f'yyinganl saidapol yhstiadidceneni i, at Syl &ie cghplohg
met hacryl ate) (nunber average nol ecul ar wei ght: about 1,000,

MW+ 1000- 8Crgardniud aigtala et gc i lppompPefitbeifenimsalug acbured by Shin-Etsu
hereafter referred as "conpound 6")8 was used. |n Conparative, exanple
F3, digl ycrRRit fRenott% obearAERS By $TEactEch§6i SPh IyAnSt-hane™)
epi chl oro Eg%i Jgepoxy equi val ent 180, liquid at roomtenperature,
hereafter Te erred as "bis-A-epoxy") , cresyl glycidyl ether (epoxy
equi val ent: 185;rnReeeabhgsudff Geitdcdfpoldded inPReMOinoMY a6 5RSKA
(hydroxyl group: 104, softening point: 85 C, hereafter referred as
2- phenyl - 41 Tdibhgdé @nyirehbydedibganedes (OF ondcthmareol CuiElZolf ol lowed
manuf acture by Shikoku Chemicals Corporation, hereafter referred as
"2PHZ") arkly dsfidamiageotihvs neplajered ewingoemppsid idyis -gr oup

(KBM 403E, manufactured by Shin-Etsu emcal Co., Ltd.. hereafter
referred as "epdRy s@‘?‘%ﬁ?é’ya)tl\}(:@re %f’éaé‘ﬂ’gé F1, TREI¥BERYHRE r eSiticol

conpositio ate e fgllaow.ng r’gmp . ev at
results ar&eﬁg%%{viaﬁ: r&é%l_‘gbl e&&%%[\%grrpa@ﬂa %\\gg "exanp g{alcécld;?%fid a%)yd ngg_:
Corporation, hereafter referred as "compound 5") was used. 1In

Comparative example F2, acryl-modified polybutadiene (a compound
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a3 ci r-; - .- G¢ci Coi cr) ri "rt d 10 ci

obtainedbyhalfesterifyingmaleatedpolybutadienewithethylene
glycol methacrylate) (number average molecular weight: about
1,000, MM—-1000-8C, manufactured by Nippon Petrochemicals Co.,
Ltd., hereafter referred as “compound 67} was used. In
Comparative example F3, diglycidyl bisphenocl A obtained by
reacting bisphenocl Awith epichlorohydrin (epoxy equivalent 180,
liquid at roomtemperature, hexeafter referredas “bis-A-epoxy”),
cresyl glycidyl ether (epoxy equivalent: 185, hereafter referred
as “CGE”), phencl novolac resin (hydroxyl group: 104, softening
point: 85 C, hereafter referred as “PN"},
2-phenyl-4, 5-dihydroxymethylimidazole (product name: Curezol,
manufacture by Shikoku Chemicals Corporation, hereafter referred
as "2PHZ") and a silane coupling agent having a glycidyl group
{KBM-403E, manufactured by Shin-~-Etsu Chemical Co., Ltd.,
hereafter referred as "epoxy silane") were used.

The obtained resin compositions were evaluated by the

following manner. The evaluated results are shown in Table 6.
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9% - 3-120.9199 |- 17.128.91.19F X ... x Exanple

<Evaluation method of Experimental example series F>
(1) Viscosity

Using an E type viscometer {3° cone), values were measured
at 2.5 rpm at 25 °C just after producing a resin composition and
after leaving for 48 hours at 25 °C. A measured result having
viscosity of 15 to 25 Pa* s just after production and viscosity
increasing rate after 48 hours of less than 20 % was evaluated
to have passed the criteria. A unit of viscosity is "Pa* s" and

a unit of wviscosity increasing rate is "$".

(2) Adhesion strength

A 6 x 6 mmsilicon chip was mounted on a silver spot plated
copper frame using the obtained resin compositicon and cured on
a hot plate of 200 °C for 30 seconds and in an oven of 150 °C
for 60 minutes respectively. After curing and PCT process (121
°C, 100 %, 72 hours), hot die shear strength at 260 "C was measured
by means of the automatic adhesion strength tester. A measured
result having hot die shear strength at 260 °C of 50 N/chip or
more was evaluated to have passed the criteria. Aunit of adhesion

strength is “N/chip”.

(3) Scolder crack resistance

The following lead frame and the following silicon chip
were bonded by curing under the following curing condition with
the use of the obtained resin composition as shown in Table 6
followed by molding by a molding compound (Sumikon EME-7026,
manufactured by Sumitomo Bakelite Company Limited). The package

was subject to a moisture absorption treatment for 192 hours in
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an atmosphere of 60 °C and 60% relative humidity, and then to
an IRreflow treatment (260 "C, 10 seconds, three times of reflow) .
Then, the degree of delamination of packages after the treatments
was measured by means of the scanning acousticmicroscope detector
(through scanmode). Ameasured result havinga delamiﬁated area
of a die attach portion of less than 10 % was evaluated to have
passed the criteria. A unit of delaminated area is “%”.

Package: QFP (14 x 20 x 2.0 mm)

Lead frame: silver spot plated copper frame

Chip size: 6 x 6 mm

Curing condition of a resin composition: a hot plate at

200 *C for 60 seconds

Industrial Applicability

Ilresincompositioncxfthepresentinvention;particularly
a resin composition which belongs to any of the above-mentioned
first to sixth composition systems, is excellent in adhesion
strength, quick curability, moisture resistance and low stress
broperty, and is excellent in adhesion particularly between a
copper lead frame and a semiconductor chip, therefore, it can
be suitablyusedasadie attachpastematerial for a semiconductor
chip.

Also,amongtheresincompositionsofthepresentinvéntion,
the composition which belongs to the third composition system
exhibits excellent bleeding property as well as good low stress
property and good adhesion, therefore, the resin composition can

be suitably used for a semiconductor chip or a heat dissipating

16
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0 0 Conpound 1 Conpound 2 Conpound 3 Conpound 4 Conpound 5
Conmpound 6 Reactive diluent Initiator Silver powder Bis-A-epoxy
CGE P1?1 2PHZ Methacryl silane Epoxy sil ane

mempber such as a heat sink which requires the above-mentioned
bleeding property, low stress property and adhesion at the same

time.
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val uati on 30 seconds curing (hot plate) 60 mnutes curing (oven)
000'5¢Cl 0-CO

CLAIMS

i. A resin composition used as an adhesive bonding a
semiconductor chip or a heat dissipating member comprising 70
to 95% by weight of a filler (A), a bismaleimide compound (B')
represented by the following formula (3), a thermal radical
initiator (C), and at least one kind selected from the group
consisting of the following compound (D), an acrylic ester
compound (E) represented by the following formula (5), the
following acrylamide compound (F¥), the following allyl ester
compound (G) and the following compound (H), and not containing

a photo polymerization initiator:

Bismaleimide compound (B'):
[Chemical formula 1]

rFormula {3)

CH— CO\

CR*— co/

/CO—CH

™~

N—R*—C00—R® (x2 Rﬁ)n—oco—R5—N
G0—CR*

(3)

wherein X* is -0-; each R! is hydrogen atom or a methyl group;
each R’ is a hydrocarbon group having 1 to 5 carbons and not
containing an aromatic group; each R® is a hydrocarbon group
having 3 to 6 carbons and not containing an aromatic group; "n"
is an integer of 1 or more and 50 or less; and if the formula
contains two or more parts which are denoted by the same symbol,

each of them may be the same or different from each other;
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<Eval uation nethod of Experinental exanple series F> (1) Viscosity
Using an E type visconeter (3 cone), values were neasured at 2.5 rpm
at 25 Cjust after producing a resin conposition and after |eaving
for 48 hours at 25 C. A neasured result having viscosity of 15 to 25
Pa's just after production and viscosity increasing rate after 48
hours of |ess than 20 % was eval uated to have passed the criteria. A
unit of viscosity is "Pa's" and a unit of viscosity increasing rate
is "% . Cémpbdhasijon:strength A6 x 6mmsilicon chip was nounted
on a silver spot plated copper frane using the obtained resin

conposi tion and cumpdund aochatipliate s0fst200-1w feorr Srsemonets lapdtha
an oven of 150 C for 60 m nutes respectively. After curing and PCT
process fezmuCa 160%n 22mAdbore)aihemdhevihgaat steamigomeafufédicnads
measured by neans of the automatic adhesion strength tester. A
neasur ed9¥e8H| PaNADPNg ROLYBPEigRbAR SrFeHBEAtEraDBO EPBE:50 N chip
or nore $€§ evalﬂa ed tg h%ie passed the criteria. Aunit of adhesion
strengt hlF8SMifFe i%oFmP # Sol der crack resistance The
follomjng kﬁﬁ? fqgge and the followng silicon chip were bonded by
curing undéer fie | low ng curing condition with the use of the

obtai ned resin conposition as shown in Table 6 followed by nol di ng by
a nol di ng conmpound (Sum kon EME- 7026, manufactured by Sum tono

Bakelite_L%nphnyRLtfitedX4) The package was subject to a noisture
absorption'treatne for 192 hours in

wherein x? is -0-, -C00O- or ~0C00-; R’ is a hydrocarbon group
having 3 to 6 carbons; "p" is an integer of 1 or more and 50
or less; and 1f the formula contains two or more parts which
are denoted by the same symbol, each of them may be the same

or different from each other;

Acrylic ester compound {E):
[Chemical formula 3]

Fermula (5)

T‘* (H)y
(cH=c 0 i —C—0  ®
& (),

wherein R® is hydrogen atom or a methyl group; R® is a hydrocarbon
group having 1 to 3 carbons; "x", "y" and "z" are in the
relationship expressed by (x+y+z)=3, 1S5x=3, 0=y=2 and 0=

z=2; and if the formula contains two or more parts which are
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an atnosphere of 60 C and 60%relative humdity, and then to an IR
reflow treatnent (260 C, 10 seconds, three tines of reflow) Then, the
degree of delam nation of packages after the treatnents was neasured
by neans of the scanning acoustic m croscope detector (through scan
node) . Aneasured result having a delam nated area of a die attach
portion of less than 10 % was eval uated to have passed the criteria.
A unit oficfetafi Pot edcak8fel Synidi, PagkAISE ggm(ﬂqéyxbéotﬁe%gmmr
Lead frame: silver spot plated copper frane Ip size: 6 X 6 M
Curing cang@irtreAtoframr estRA 60ARRSi tion: a hot plate at 200 C for 60
seconds Industrial Applicability A resin conposition of the
present invention, particularly a resin conposition which belongs to
any of the above-nentioned first to sixth conposition systens, is
excel | enfcrplanhdei opmppredAgtR) :qui ck curability, noisture resistance
and | ow stress property, and is excellent in adhesion particularl

bet ween a copp@rCP@BEUF?aﬁﬁnéﬁén&n§eﬁ(ﬁﬁﬁﬂﬁﬁQﬁe(ﬂﬁ&feﬁ¢ﬁﬁ%ﬂobé,t¥€
can be sgiﬁgbli usgd as. a Péf attach paste.material for a

serm condh@t OPYERPprormula sdt aaf?ﬁﬁg the1h 0% orgisiah 67856t °PRe
present | ' o] Lt jch | ongs to the third .
Commosi ¢ FOHCEyERah SRRrE FEBRkbaRPel 61 585 R pribabt souRl 7k
good | ow;s}LRSSaPr @RERLLYa2R§ good adhesion, therefore, the resin
conposition can be suitably used for a sem conductor chip or a heat
di ssi pat FpegmuBMpey such as a heat sink which requires the
above-nenti oned bl eeding property, |ow stress property and adhesi on
at the same tine. CLAIMS 1.A resin conposition used as an adhesive
bondi ng a sem conductor chip or a heat dissipating nenber conprising
70 to 95 XA\we+B¥4—of a fi8)l er (A, a bisnaleinide compound (B')
represented by the ?ollomﬁng formula (3), a thermal radical initiator
(©, and at |east one kind selected fromthe group consisting of the
foll ow ng conpound (D), an acrylic ester conpound (E) represented by
the followng.fo | a , .the follow ng acryl am de conpound (F), the
follomﬁng&%?ﬁ§Faig¥8Fmég%pgind (O and the followi ng conpound (H)

and not g %& iQi@ﬁ a photo polynerization initiator: Bismaleimde
conpound ? ?: [ Enical formula 1] Formula (3) COCO -CH R5 COOR6 - (
X2 R6- 000R5 'NC

CH;=CR"'—CONH—— (7)

wherein X* is -0-, -C00- or -0C00-; R*¥ is a hydrocarbon group
having 3 to 6 carbons; R' is hydrogen atom or a methyl group;
"r'" is an integer of 1 or more and 50 or less; and if the formula
contains two or more parts which are denoted by the same symbol,

each of them may be the same or different from each other:;

Allyl ester compound (G):

a compound having at least one functional group
represented by the following formula (8):
[Chemical formula 6]

Formula (8)
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CR4- COVCO CR4 (3) wherein X2 is -0-; each R4 is hydrogen atomor a
met hyl group; each R5 is a hydrocarbon group having 1 to 5 carbons
and not containing an aronmatic group; each R6 is a hydrocarbon group
having 3 to 6 carbons and not containing an aromatic group; "n" is an
integer of 1 or nore and 50 or less; and if the fornula contains two
or nore parts which are denoted by the sane synbol, each of them may
be the sanme or different fromeach other; Conpound (D): a
conmpound containing a structure represented by the formula (4) in a
mai n chagp,=tH—-haging—aro+eagti—ene fun(@i onal group having a

pol ynmeri zable C-C unsaturated bond: [Chem cal forrmula 2] Formula (4)
H- X3- ROTwhé)eiwheRel nsXa ity drdbcariRe0gronp 0RAng 7 tics 8a daytionsar bon
group having 3 to 6 carbons; "p" is an integer of 1 or nore and 50 or
|l ess; and if the fornula contains two or more parts which are denoted
by the sane synbol each of them may be the sane or different from
each ot hePMPREPQ i{g)ést er conpound (E): [Chemical formula 3] Formula

hytr ogen at o Brc AR e@%&ﬁé Liep P%@%@%&OS U580th IaAgne
(0.3 SRR e o B0 (96T 8k 0SIL 2508T B
nor e parﬁ%l@@hﬁgrafﬁblght of 500 to 5,000, contains a structure
represented by the following formula (10) at its modified
position, and has at least one functional group having a
polymerizable C-C unsaturated bond:
[Chemical formula 7]

Formula (10)

— X —RM— (10)

wherein X® is -0-, -CO0O- or -0C00-; R is a hydrocarbon group
having 3 to 6 carbons; "t" is an integer of 1 or more and 50
or less; and if the formula contains two or more parts which
are denoted by the same symbol, each of them may be the same

or different from each other.

2. A resin composition according to Claim 1, wherein the

filler (A) is silver powder.

3. A resin composition according to Claim 1 or 2, wherein
R® of the bismaleimide compound (B') represented by the formula

(3) is —CHy— or —CgHip—.
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denoted by the sanme synbol, each of them may be the sane or different
fromeach other; Acrylam de conpound (F): a conpound cont ai ni ng
a structure represented by the following fornula (6) in a main chain
and having at |east one functional group represented by the foll ow ng
formula (7): [Chemical fornmula 4] Fornula (6) -44-R197(6) [Chem cal
formula 5] Formula (7) CH2=-CR11-CONH(7) wherein X4 is -0-, -000- or
-0000-; Rl is a hydrocarbon group having 3 to 6 carbons; Rl1 is
hydrogen atom or a methyl group; "r" is an integer of 1 or nore and

50 or leas; and tésthechdapoyl i 6QNdatASding & I @ Pt mthiichcane
denoted by the sane synbol, each of them may be the sanme or different
f rom eachhetrben;RAbFythe st ematedpddedcdfpound (B') acpospennddhayvicng
at | east one functional group represented by the follow ng formula
(8): [Chépirmalaf 63mils ad] leashuire (58)lecCidR-CbBHR ORI <p8p ivhengi n
RI 2 is a hydrocarbon group having 2 to 8 carbons; Conpound (H)

a conpouRdé desilere®¥4 oth«Hehydr ocar bon having at | east one G C

unsat urated bond in one nol ecul e, which has a nunber average

nol ecul ar wei ght of 500 to 5,000, contains a structure represented by

the foll ew ng for nul 10) at,. its modified position, d .has .at | east
one. functr onal > or SupRHEUTGS BT boRyer s aEre C Condis Siavdd dose: T
[ Chem cajhEPEiH @ 8k the acrylic ester compound (E)} represented by the

‘formula (5) is a methyl group.

6. A resin composition according to any of Claims 1 to 5,
wherein R® of the acrylic ester compound (E) represented by the

formula (5) is a methyl group.

7. A resin composition according to Claim 5, wherein R® is
a methyl group, R? is a methyl group, and x=1, y=1, and z=1 in

the acrylic ester compound (E) represented by the formula (5).

8. A resin composition according to Claim 5, wherein R® is
a methyl group, x=2, y=1 and z=0 in the acrylic ester compound

{E) represented by the formula (5).

9. A resin composition according to any of Claims 1 to 8,
wherein R'Y of the structure represented by the formula (6) of
the acrylamide compound (F) is at least one selected from the

group consisting of -CsHg— and —CyHg-.
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Forrmul a (10) wherein X6 is -0-, -000- or -0000-; R14 is a

hydr ocar bon group having 3 to 6 carbons; "t" is an integer of 1 or
nore and 50 or less; and if the fornmula contains two or nore parts

whi ch are denoted by the same synbol, each of them may be the sane or
different fromeach other. 2. A resin conposition according to Claim
1, wherein the filler (A) is silver powder. 3. A resin conposition

accordrn to a o i I n
(B") rep?gsenf%dkgii?hgoﬁg?%€€£8? §£$29$C}§et& éﬁ%ngGﬂgﬁqp%%rgsrn

conposi t wer rac eoKHi gy e aryuekuekairaprdstatdd Mﬁ?%l@é EdBupfa te of
bi smal ei m de conmpound (B') represented by the fornula (3) is at |east
one sel ethed actrghatieegromponansi(sti ng eHb—-C3H6- and -C4148-. 5. A
resin composition according to any of Clains 1 to 4, wherein R8 of
the acrylic ester compound (E) represented by the "fornula (5) is a
met hyl group 6. A resin conposition according to any of Clains 1 to

5, whereild-Ro Bfr?ﬁena%‘?W‘P%ﬂe’sQfera%wtpEﬁnVeﬁf Entred loyot ﬂr@:
O i m 5, YaksrarnRIBoratad R ﬁgﬁtn&%aﬁ%ﬁ%&%@%&“ﬁa%ﬁ“ Sl g R21,
=1, and h E t

{ ot R LV IBL B8 Mo 080 Ty SIROURg (LS :frrmeg%.orpm

is a nethyl group, x=2, y=1 and z=0 in the acrylrc ester conpound (E)
represented by the fornula (5). 9. Aresin conposition according to
any of Chai.ms A $8s8n dhRsSs 1t FD Llcd B s KUChHEcF epr £5p0ted by 1t he
formula (6) of the acrylam de conpound (F) is at |east one sel ect ed
fromt hewpeeepncans sdlhgl okst€8BGomaBdndCAIEl- .contlind\ sesitRucture
conposition according to any of Clains 1 to 9, wherein X4 of the
structureepepsegeﬁﬁe@ybthhéOﬂéDwﬂha €6ymoflat H&) acryl ani de conpound
(F) is -0-. . A resin conposition according to any of Cains 1 to
10, mherépﬁeRQEaéffPﬁ@”éﬁr@dture represented by the fornula (8) of

t he aIIy% estgr C npound (G does not contain an aromatic group. 12.
A resin E8MBBSPLI'OA according to any of Clains 1 to 11, wherein the
ally' ester conpound (G contains a structure represented by the
following forrmula (9):

+X5_R1 3) .

wherein X° is -0-, -COO- or -0C00-; R'® is a hydrocarbon group

(9)

having 3 to 6 carbons; "s" is an integer of 1 or more and 50
or less; and 1f the formula contains two or more parts which
are denoted by the same symbol, each of them may be the same

or different from each other.

13. A resin composition according to any of Claims 1 to 12,
wherein X® is —-0- and R is C,Hy in the structure represented

by the formula {10) of the compound (H).

14. A resin composition according to any of Claims 1 to 13,

wherein a hydrocarbon led to the compound (H) and having at least

83



[Chem cal fornula 8] Fornula (9) -Fx5-R1lls(9) wherein X5 is -0-,

-000- or -0000-; R22 is a hydrocarbon group having 3 to 6 carbons;

"s" is an integer of 1 or nore and 50 or less; and if the formula
contains two or nore parts which are denoted by the sane synbol, each
of them my be the sane or different fromeach other. 13. A resin
conposi tion according to any of Cainms 1 to 12, wherein X6 is -0- and
R4 is CAHR ¢rc hﬂ%a%h&ta%w@oﬂ@%e&?@h%qe@;mtehfs B%ﬂﬁ&é@&go%m@ie
conmpound (H). 14. resin composition according to any o ai s

to 13, wherein a hydrocarbon |l ed to the conpound (H) and havi ng at

| east one C-C unsaturated bond in one nolecule is a butadiene

pol ymer. 1515. A resin congpesitian sosorddimg tiboaapyodHfCE@ mesl tdo 0313,
wherein a hydrocarbon led to the conpound (H) and having at |east one
C- C unsavrbezeéd a)bm'drbna@;henrﬂm@tgltélei sompousdtenenpblayreg. at 16as4
resin conposition according to any of Clains 1 to 15 wherein the

pol ymer i 2881 & CUesahsaatrsRn DA TORECESfpBUAR {FYPTeNGPOlymer.
(meth)acryloyl group. 17. A resin conposition according to any of
Clains 1 to 16, further containing a reactive diluent (ry. 18. A
resin cofpositio ol aiml7,. wherein f£acti e d| ent
(1) is aqgl nylhc%?r%%ﬁndoqﬂvé: Jl‘cgl i Olrciju]inciJ Egr 4t foéorﬁutr% {#

ot her t h@ﬂe&@?ncﬂq@%&%éﬂ)zattﬁe( Ele. uﬁ-?qatlﬁef@éd %oﬁ(&n@@%}{é QBm ound

according to daim wherein the vin conmpound i s a compoun
contalnlng agslgaqheeﬁgaegguachgfbgﬁl group. 20. Aresin
conposition according to any of ai ns to 19, further containing a
si |l ane- based coupling agent (J). 21. A resin composition according
to Caim20, wherein the coupling agent (J) is a silane coupling
agent havi’ng ah S=Slhorrinpos X2l oA awsindicenpes khiy onf d&lcoimd g teo 16,
Claim20 or 21, wherein the coupling agent (J) further contains a
silane c6UpEPRG SGBHAIRAVANG aegpyéwey%lénsaﬁ

18. A resin composition according to Claim 17, wherein the
reactive diluent (I) is a vinyl compound which is in liquid form

at room temperature other than the compounds (D) to (H).
19. A resin composition according to Claim 18, wherein the
vinyl compound 1is a compound containing at least one

{meth)acryloyl group.

20. A resin composition according to any of Claims 1 to 19,

further containing a silane-based coupling agent (J).

21. A resin composition according to Claim 20, wherein the

coupling agent (J) is a silane coupling agent having an S-S bond.
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23. A resin conposition according to any of Clains 1 to 22,

contai ning a conpound (K) having a glycidyl group other than the

sil ane coupling agent having a glycidyl group. 24. Aresin
conposition according to any of Clains 1 to 23, further containing
the foll owi ng compound (L) and the foll ow ng conmpound (M: Conpound
(L): a conpound containing the follow ng structure represented

by the fepnul az( . 513 4 L - haw ; S e Layl
o oup: [ Gherm ol Tor A A TP L T i ares Ao

-0-, -00@hettou DOy agRhe i S) FumtNeaCcarhoni g5 tURihavengdpithPagent
carbons; "u" is an integer of 2 or nore and 50 or less; and it the
formul a harmt.agns twycadyiogeopar.t s whi ch are denoted by the sane
synbol, each of them may be the sane or different from each other
Compound (M : a conpound having a functional group which
can react _with_ the glycidyl group of the conpound (L). 25. Aresin
conposi t #8n aclofdf hy THRY B i Py aGAREINg tRean¥peht i mil to 22,

X7-1215 th d (L) is th th ti it
(X R) BPOEREPEOMRBURENEEYTY b8 ICERY comut o GRS B e shaby

usi ng the, resi I.ti.on define n . ai 1 to 25 as a die
attach nngrggﬁéﬁggggakaég 'g%ﬁ&&cgggxagv¥c§E§§%§Hg28r8§pusing the
resin conposition defined by any of Clains 1 to 25 as a material for

bondi ng a heat dissipating nenber.
24. A resin composition according to any of Claims 1 to 23,

further containing the following compound (L) and the following

compound (M) :

Compound (L) :

a compound containing the following structure
represented by the formula (11) in a main chain and having at
least one glycidyl group:

[Chemical formula 9]

Formula (11)

—X—R— (1)

wherein X’ is -O-, -COO- or —-0CO0-; R!® is a hydrocarbon group
having 3 to 6 carbons; "u" is an integer of 2 or more and 50
or less; and i1f the formula contains two or more parts which
are denoted by the same symbol, each of them may be the same

or different from each other;

Compound (M) :
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a compound having a functional group which can react with

the glycidyl group of the compound (L).

25, A resin composition according to Claim 24, wherein the
repeating unit (X'-R'®) of the compound (L) is the same as the

repeating unit (X'-R!) of the compound (B}.

26. A semiconductor device produced by using the resin
composition defined by any of Claims 1 to 25 as a die attach

material.
27. A semiconductor device produced by using the resin

composition defined by any of Claims 1 to 25 as a material for

bonding a heat dissipating member.
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