[ DESCRI PTION] [TITLE OF I NVENTI ON] RESIN COVPCSI TI ON AND

SEM CONDUCTOR DEVI CE PRODUCED USI NG RESI N COVPCOSI TI ON 5[ Techni cal
Field] [0001] The present inventjon relates to a resin
conposition and a sem conductor device !produced using the sanme. This

applicati i i ority on Japanese Patent Application No.
102010- lgggggbﬂﬁog\f%ptenber 7, 2010, the content of which is

i ncor pora e rence. [Background Art] [0002] In recent
years, Bﬁﬂ?ﬂ%é§é8P§¥f@§ﬁ§nd surface nounting of electronic devices
15are enplo ed fromyear to year in market trends toward nakln%

el ectroni B%@dl%ﬁpsémm é‘ﬁ‘YD SEGHCSINDHAG U BFMICE HROPEMERY U SHIE
exanpl e, maki ng sem conductor devices higher in pin count and thinner
i s appr oaBlEShily COMPASITION conventi onal surface-nounting sem conduct or
devi ces, represented by Quad Fl at Packages (QFPs) and Small Qutline
Packaggs (sl MBgi e i n order to address need for neking them
further higher in pin 20count and thinner, area nounting
senlcondUﬁ; ]deV|ces such as Lead Frane- Chlp Scal e Packages

(LF- CSPs) ané Ball Gid Arrays (BGAs) have been newy devel oped as

next - generati on_sen conduct or devi ces (Patent Litera
g The present inveniion refates to a r{esm composition an& a semwgnductor device

produced using the same.
This application claims priority on Japanese Patent Application No.
10 2010-199889, filed September 7, 2010, the content of which is incorporated herein by
reference.
[Background Art)]
[0002]
In recent years, higher integration and surface mounting of electronic devices
15 are employed from year to year in market trends toward making electronic equipment
smaller, lighter, and highly functioning. For example, making semiconductor devices
higher in pin count and thinner is approaching a limit in conventional surface-mounting
semiconductor devices, represented by Quad Flat Packages (QFPs) and Small Outline
Packages (SOPs), while in order to address need for making them further higher in pin
20 count and thinner, area mounting semiconductor devices such as Lead Frame-Chip Scale
Packages (LF-CSPs) and Ball Grid Arrays (BGAs) have been newly developed as
next-generation semiconductor devices (Patent Literature 1).
[0003]
Area mounting semiconductor devices are fabricated in the following steps.

25 First, a semiconductor chip 1s mounted on one side of a metal or organic substrate by



[ 0003] Area nounting sem conductor devices are fabricated in the

followi ng steps. 25First, a sem conductor chip is nounted on one side
of a netal or organic substrate by 2 ing a die attach paste or the
| i ke, and the substrate surface having 1he sem conductor chip nounted

t her eon, tuglﬁé a'd¥e at&l'&h ad86r ﬁllérlifk@,ca%dq{le M%‘Etr&‘é Qﬁltferlcaetlﬁvin'gtsthg Mi@&%ﬁlgm} 0
nmol di ng an ncapsul ation using an epoxy resin conposition or €

i ke. After. that, e surface of the substrate on which no .
senm condutbgrrast ot bEGR RhTRTRE Wb SubBatY s Shegeo tmeiding
whi ch bunp el ectrodes (solder balls) are attached thereto (a refl ow
process) . 3 pRA3BFUlAtIONGISHEAHCPORY it G osiionias thenliken  dvfiea thabuhe pugpce
sem conduct or devices of this type are nounted on a nother board (a
secondar y ohihestibsigtepeoebsh np stemnabyctbeddisigvt bedrhaoprted isctibjeotedfo a
el ectroni c equi pment. Area nounting sem conductor devices are

thinnes, afocegmpanesh §i0ns elByedtick Mdtdder BAK AGEHtadcRedMhbfeko Q@aehow PrdRES.
of a substrate is 10subjected to encapsulation, and thus tend to have

a greater Pﬁﬁﬁé}?gﬁmwg% Li-Aga b &if ﬁéﬁ&%ﬁﬁtiﬁé‘sgﬁrg% {ah%?&évfigéesrof this

1
t hermal expansi oh between conponent materials, often su
probl em that causes

et achnent an crﬁﬁé%n to OM T dur.i eEI\M :
00041 1 nOBATS PBRT BROTTIG e Er R g TH Y H BB o R FEgth
sol ders i ch &Sare %sed in nounting el ectronic devices on _substrates
is in profice¥edusdiop st eleaifolie FHEPRARG r SipEROEUNINE STRedRgor daviges 81 der
contai ning no | ead conponent (hereinafter referred to as a | ead-free
sol der), Snng-aSsonphitdits civentionpl packakes ingvlpch eachohirfatymita sPROEKS is
reconmended by the Japan El ectronics and Information Technol ogy
| ndust@ i esubjssatioaincasuladital, A thusaend melaye dpeehter MM TesutinyCRomhhese
sol ders have higher nelting
differences in coefficient of thermal expansion between component materials, and often
suffer a problem that causes detachment and cracking to occur during reflowing.
[0004]
In addition, removing and eliminating any lead component from solders which
15 are used in mounting electronic devices on substrates is in progress as part of being
environmentally friendly. As a solder containing no lead component (hereinafter
referred to as a lead-free solder), Sn-Ag-Cu solders (having a melting point of about
220°C), recommended by the Japan Electronics and Information Technology Industries
Association (JEITA) are widely used. However, since these solders have higher melting
20 points, relative to conventional Sn-Pd solders (having a melting point of about 200°C),
there has become more apparent a problem that no junctions are formed due to warpage
of the package during mounting of electronic devices as described above, For this
reason, the inhibition of package warpage against the rise in the melting temperature of

solders has been required more and more for thermosetting adhesive compositions which

25  are employed for adhering semiconductor chips onto circuit boards and others.



20points, relative to conventional Sn-Pd solders (having a nelting
poi nt of about 200C), there has becone nore apparent a probl emthat
no junctions are formed due to warpage of the package during nounting
of electronic devices as described abovk. For this reason, the

i nhi bition of package_warpage against the rise in the neltin

t enper at u wrtbgges. 4 ?%O‘Hagoogﬁeaﬁ%f@qtaws@%%%ﬁ&feﬁ%ﬁ%@&?ﬁ strcks of a
thernosetting adhesi ve conpositions which 25are enpl oyed for adhering
senm conduptkags leng shusnyill beiprets to chpmrdftachmenoadeaventually faelsHa dippimgide o
refl ow process at high tenperatures will increase internal stress of
a packageopf asshichudictwripkodvet gurdneht cefbaug@celdt achment and eventual |y
cracks in the inside of a sem conductor product during the reflow
process. hQ@@?] 5Al so for outer platings of sem conductor products,

t here have been increasing cases where a plating on |ead frames is

changed to a ni gkgl fbp&ﬁtglaﬂh’éﬂggggfg%gp%g%?%%lﬁﬁd&% ROSERRJe iEh gg:reélsing

| ead-free. In the case of platings, a thin

225179, (96LS, ELasTha, b PR SS A AN BUPERSISh BT By e

ni ckel -pal l adium plating itself and the presence 10of gold result in
reduced abW@eroel Fevrglsad-Age.comfhe eepewil prpﬁ)(elsndlad@m platingy, adldn gelating
frames and ot hers. Reduction of adhesion force will cause detachnent
and cr ack¢ealafladieng)ns agdiedfwith the phposeotingroypng thectabalutyioh ghe effaosPag.
[0006] In order to inhibit package warpage, for exanple, there has

been propasef aHdbdREIRdsbitBlese BPiRYSckaNpANEans vlatihy igelf 85d the\prdsbnad
| ow coefficient of thermal expansion (Patent Literature 2). In

addi ti@n, of ByRLee: iﬁ?ecﬁlﬁpcpﬁ(ﬁl% i0 I&%E,\I;ajg?ghwpgfela%i% ﬁt%‘é?si%ﬁ?la?édsc%ﬁ?%‘ a

presented, Tor exanple, a netho die pad 1s forned

structure,zthat | ati stactory i-.n.physical adhesiveness wth a .
encapsul afrig: ralpfis, hBRENGIH s POBRIE it TETIFRERhLi® Sadinte
the die pad. and the _encapsul ating resin_(Patent

mside of a semiconductor product during reflowing.

[0006]
In order to inhibit package warpage, for example, there has been proposed a
15  method which employs an encapsulating resin with a low coefficient of thermal
expansion (Patent Literature 2). In addition, in order to suppress detachment, there have
been also presented, for example, a method in which a die pad is formed into a structure
that is satisfactory in physical adhesiveness with a encapsulating resin, thereby
improving the adhesion strength between the die pad and the encapsulating resin (Patent
20 Literature 3), and a method in which the glass transition point (Tg) of an encapsulating
resin is increased, so as to reduce its elastic modulus at high temperatures (Patent
Literature 4). There has also been proposed a method which utilizes copolymerization
of two different functional groups, thereby achieving a balance between low stress and
adhesion of an adhesive (Patent Literature 5). By using only these methods, however,

25  sufficient solutions cannot be provided for failures that are caused in the above-described



20Li terature 3), and a nethod in which the glass transition point
(Tg) of an encapsulating resin is increased, so as to reduce its

el astic nodulus at high tenperatures (Patent Literature 4). There has
al so been proposed a nethod which utili%es copol yneri zation of two

di fferent functjopal, groups, thereby achieving a bal ance between | ow
stress antf a4, CgﬁdS “%h adhesive (Patent Literature 5). By using
only these nethods, however, 25sufficient solutions cannot be

provi ded f¥97failures that are caused in the above-described 4

sem conduct or devices. [0007] Thus, there is a desire for a
mat eri al whi ch Thuss theeris ardesire fod hesdtenm] avhdcH Bwusdrioe ssadirsion apdlve stodss
decreasi ng the warpage of sem conductor devices under circunstances

at 5hi gh heigeeelk Wf dScredselgdtht Warga@e dF SerpicbdtiletRaAsTiess Wilef Birdidyeankeest
used in the past. [Citation List] [Patent Literature] [0008] [Patent

Liter r g . | ' : j ' -

PUbI | cat | T O TO0UR Y PR Da DG PR R Bk ik Ylelest

Unexam ned-.Pat ent. plication, First Publication No. 2000-216299
AR

[ Patent L ] Japanese Patent No. 3007632 15[ Patent
Literature 4] .
FPatent Literature]

[0008]
[Patent Literature 1]
10 Japanese Unexamined Patent Application, First Publication No. 2003-109983
[Patent Literature 2]
Japanese Unexamined Patent Application, First Publication No. 2000-216299
[Patent Literature 3]
Japanese Patent No. 3007632
15  [Patent Literature 4]
Japanese Unexamined Patent Application, First Publication No. 2000-72851
[Patent Literature 5]
International Publication No. WO 2005-090510
[Summary of the Invention]
20  [Technical Problem]
[0009]
An object of the present invention is to provide a resin composition capable of
mmparting superior reliability to semiconductor devices which results in small warpage of
the semiconductor devices, excellent interfacial adhesion, and no occurrence of failures,

25  such as detachment and cracks, also under circumstances at high temperatures during



Japanese Unexam ned Patent Application, First Publication No.
2000- 72851 [Patent Literature 5] International Publication No. WO
2005- 090510 [ Summary of the Invention] 20[ Technical Problen] [0009]
An obj ect of the present invention is to provi de a resin conposition
capabl e of Jnparting superior reliability to sem conductor devices
whi ch resﬁﬂkg%ﬁﬁ smal | war page of the seniconductor devi ces,
excell ent _interfacial adhesion, and no occurrence of failures, 25such
as det achb¥ationdq Feeblers, al so under circunstances at hi gh
tenperatures during 5 reflowing. [Solution to Problem [0010]
The obj ect0048] descri bed above i s achieved by the inventions described
belowin 5[1] to [5]: [1]A resin conposition conprising: a maleimde
derivative (A) Tepsigsant descipedalgpras adhidved yltie inlntions described below in

5 [1]to [5]:

(1] A resin composition comprising:

a maleimide derivative (A) represented by a general formula (1):

O

Rz (1)

\ ;

O

10 wherein R1 represents a straight chain or branched alkylene group having 1 or more
carbon atoms, R2 represents a straight chain or branched alkyl group having 5 or more
carbon atoms, and the sum of carbon atoms of R1 and R2 is 10 or less; and

a bis-maleimide compound (B) represented by a general formula (2):

CH—CO GCO—CH

\ /
H N—R3—COO-R* «X'-R4m- 0CO—R3—N

/ \
CH—CO CO—CH

15 wherein X1 represents -O-, -COO-, or -OCOO-, R3 represents a straight chain or



10wherein Rl represents a straight chain or branched al kyl ene group
having 1 or nore carbon atons, R2 represents a straight chain or
branched al kyl group having 5 or nore carbon atons, and the sum of
carbon atons of RL and R2 is 10 or less® and a bis-nal ei m de conmpound
(B) reprege

- (X1- R4) m ’%éﬁﬁ%l%l%'gﬁ@@é% BaloOy aighi, %r%gl?%?{ aesﬁ%%é‘? g@aﬁﬁ i

having 1 to 5 carbon atons, R4 represents a straight chain gqr
br anched gTaklﬁlP“é’r?ékiéFI&%'oHléW‘H@g 306 cg benAiopts R anflegsr L1 armore
integer of 1 or nore and 50 or |ess; [2] The resin conposition
accor di ngard>5@ eflesf,urt her conprising an allyl ester 5
gr oup- cont ai ni ng conpound (C); [3] The resin conposition according
to [2], W@Erei nThéestcoagoyitioasternrdige oo pHclunthar sunmgistrgngaouitiedt€) has
an aliphatic ring; [4] The resin conposition according to [3],
wher ei t@ﬁ,ug%ﬁgﬂﬁﬁigg)lﬂﬁ&r@@;ncti onal group represented by a

3):

general fornmula (
[3] ‘The resin composition according to [2], wherein the an allyl ester
group-containing compound (C) has an aliphatic ring;

(4] The resin composition according to [3], wherein the compound C has a

functional group represented by a general formula (3):

CH,=C—CH,—0—C c—0— ‘%
| ] |
R O O
10
wherein R' represents a straight chain or branched alkyl group having 1 to 10 carbon
atoms; and
5] The resin composition according to any one of [1] to [4], further comprising a
15 filler.
[6] A semiconductor device which has been produced using the resin composition
according to any one of [1] to [5].
[Advantageous Effects of the Invention]
[0011]
20 The resin compositions of the present invention are capable of imparting

superior reliability to semiconductor devices, in that they result in small warpage of the



10 wherein Rl represents a straight chain or branched al kyl group
having 1 to 10 carbon atons; and [5] The resin conposition according
to any one of [1] to [4], further conprising a 15filler. [6] A

sem conduct or deV|ce whi ch has been proﬂuced u5|ng the resin

conposi tion acc r to an one. of L % [Advanta eogz ﬁ%
of the | nveREP ffs - 30 18“?‘82?? GEPR; BHOROCRETS 08 LaHes, Such
I nvention are cap able of inparting superior reliability to .
sem conduét @@tacav@wné and crpekss plae und@wirewssiprces gt kigh tempgartpesgof 20%her 7
sem conduct or devi ces, excellent interfacial adhesion, and no
occurrenchumknfailures, such as detachnment and cracks, al so under
circunstances at high tenperatures of 220C or higher. [Description of
Enbodi mentséscription of Embodiments]

5  [0012]

A resin composition of the present invention is characterized by comprising a
maleimide derivative (A) represented by the given chemical formula and a bis-maleimide
compound (B) represented by the given chemical formula. An improvement in the
above-described effects can be achieved by further comprising an allyl ester

10 group-containing compound (C).
[0013]
The present invention will be described in detail below.
[0014]
In the present invention, compounds represented by the general formula (1) are
15  used as a maleimide denivative (A). In this specification, an acrylic group is intended to
include functional groups having a substituent or substituents at the o position and/or at
the B position to the acryloyl group.
[0015]
In general, resin compositions often use, as a reactive diluent, compounds
20 having one acrylic group. Among these compounds, an alkyl (meth)acrylate having a
small number of carbon atoms, such as methyl (meth)acrylate, ethyl (meth)acrylate, and
butyl (meth)acrylate, has high volatility. When such an alkyl (imeth)acrylate is used in a
resin composition, it may contaminate bonding pads due to its volatilization during

curing of the resin composition, resulting in a problem of reducing the strength of

25  adhesion to Au wires or the like. In addition, when such a resin composition is applied



5[ 0012] A resin conposition of the present invention is
characterized by conprising a nal eimde derivative (A represented by
the given chem cal formula and a bis-nal ei m de conpound (B)
represented by the given chemcal form#a. An inprovement in the

above-descri bed effects can. achi eved by further co i,Si an
STYE eot & & SurBaptais GRS St Hortah ety Rt udin fibrort
invention will be described in detail below [0014] In the present

i nvent i on thedBmpBbinydh parhdbe rsiromposiiien garsadspecpmenivomse( Epultipg in, for
15used as a nmaleimde derivative (A). In this specification, an
acrylic gevupplesa problendibdt a puifficiehtdbediomréominabt grtainpd  halsb nghan an
substituent or substituents at the a position and/or at the p

posi ti on tlpHdte aaslate BMingh edltivel PRER] nuhibed 0NEBIN athBS] shick @§RAS)IL i ons
often use, as a reactive diluent, conpounds 20 having one acrylic

group. 5 An@ﬂgthg)afaﬁyﬁaegema@ﬂﬁnggﬁﬁ@ﬁg,:is %ﬁtiﬁ)ﬁ&rﬁ{ k&hgoé?@q,] gl?cllaansd@}Lllcite

nunber of carbon atons, suc )yacryl at

Such o RGP B R a7 B R R it B i iR

contanina}e ﬂgnding pads due to its_ volatilizatiaon during curing of .
the resi nEIRPYETAR 10 FRRASHI Mg Whichanast RprapicBatic yyersgng g€ workablity.
strength of 25adhesion to Au wires or the like. In addition, when

such a reS&nthe othgokand; when s (mpip)dcedate compound having a phenyl group is used in a

resin composition, such a compound exhibits suppressed volatility, but results in
10 msufficient dilution effect and additionally has a disadvantage of increasing the elastic
medulus of a cured material derived from the resin composition.

Here, a “(meth)acrylate” means either or both of an acrylate in which a
hydrogen atom is bound at the o position and a methacrylate in which a methyl group is
bound at the o position.

15 [0016]

In contrast, a maleimide derivative (A) represented by the general formula (1)
which is employed in the present invention can impart a satisfactory dilution effect and a
low volatility to a resin composition. Further, in a resin composition containing such a
maleimide derivative (A), the temperature at which the resin composition is cured is

20 shifted to higher temperatures by virtue of the bulky maleimide group. Hence, it is
possible to reduce warpage during reflowing of semiconductor devices which are

produced using such as resin composition.

[0017]



8 to a support and after that, it takes a tinme before adherends are
nounted on the support, the property with which the resin conposition
spreads becones worse, resulting in, for exanple, a problemthat a
sufficient adhesion force is not obtain®d. A so, when an aliphatic
acrylate having a relatively | arge nunber of carbon atons, such as

| auryl 5(neth)acrylate and stearyl (neth)acrylate, is used in a resin
conposi tion, sucfan acrylate exhibits suppressed volatility, but
results in insuffjicient dilution effect and provides a highly viscous
resin conposition{twhich my be problematic in worsening of

wor kability. On t ot her hand, when a (neth)acryl ate conpound havi ng
a phenyl group is ed in a resin conposition, ch a conmpound

exhi bits suppress i qg sufficient

di lution effect vant age i ncreasi he
d fromthe reaﬁé ?glj

el astic nodulu

conposi tion. te" nmeans either or both of
an acrylate i ich a hydrogen atomis und at the a position and a
met hacryl ate i ich a ngthyl group is und at the a position.

15[ 0016] In cont ei mde derivative (A represented by the
general foinula ( f enpl oyed i he present invention can
inpart a satisfactory diluti effect and a low volatility to a resin
conposition. Further, in a resigs,conposition containing such a
mal ei m de derivative (A), the t erature at which the resin
conposition is cured is 20shifted to higher tenperatures by virtue of
t he bul ky nal ei m de group. Hence, it is possible to reduce warpage
during reflow ng of sem conductor devices which are produced using
such as r @8] conposition. [0017]

Regarding the structure of a maleimide derivative (A}, R1 represents a straight
5  chain or branched alkylene group having 1 or more carbon atoms, R2 represents a
straight chain or branched alkyl group having 5 or more carbon atoms, and the sum of
carbon atoms of R1 and R2 is preferably 10 or less. This structure is capable of
imparting a satisfactory dilution effect and a low stress and reducing warpage of
semiconductor devices at high temperatures. However, in cases where the sum of
10 carbon atoms of R1 and R2 is less than 6, although dilution effect becomes better, the
volatility becomes too high. As a result, bonding pads are contaminated with the
maleimide derivative due to its volatilization during curing of the resin composition,
resulting in a problem of reducing the strength of adhesion to Au wires or the ike. In
addition, when such a resin composition is applied to a support and after that, it takes a
15 time before adherends are mounted on the support, the property with which the resin
composition spreads becomes worse, resulting in, for example, a problem that a sufficient

adhesion force is not obtained. In cases where the sum of carbon atoms of R1 and R2 is



9 [0018] Regarding the structure of a nmaleimde derivative (A), R
represents a straight 5chain or branched al kyl ene group having 1 or
nore carbon atons, R2 represents a straight chain or branched al kyl
group having 5 or nore carbon atons, anfl the sum of carbon atons of

R1 d R2 i f I . Thi tructure.is capable of ..
rpar i o ot Bt bt St REafd Ro SR repsnt Sharsstisging pEEBE G Wolatilicy

reduci ng war page of sem conductor devices at high tenperatures.
However , issUpBSesdwhatEcieniediBiion sffcatde aptrhiningdmng agfitRnalinbasy i s

| ess than 6, although dilution effect becones better, the volatility
becones t doadinaginge Af iraraasmnglthe elbordnaiphpads el wotetialndeniatd dowi thh rdshe
mal ei m de derivative due to its volatilization during curing of the
resin conp@spddi@sh. resulting in a problemof reducing the strength of
adhesion to Au wires or the like. In addition, when such a resin
conpositi 1b§ applied to a support and after that, it takes a 15tine
bef ore adherends are nounted on the support, the property with which

the resin conposition spreads .beconmes wor resulti.ng in, for

exampl o, a probPSHRRSE Qe STF LT v alrEd A RO Gni Y hobenstt Sred
I n cases where th% sum of _carbon atons of Rl and R2 is 10 nore than
6 or wher EDRACTHdR DRbarg gphlimEsg s arieniyh metedmatoagetatengrhexyl mpdeigrdaaggate,
volatility is suppressed, a sufficient dilution effect is not

obt ai ned arddépadtialdinrdatstath as-oetytingitvislnecetae.of nome medeimidpacdiate,

el astic nodulus of a cured material derived fromthe resin

conposi ti dmetbflB0Pnaleimidoacetate, 2-methylbutyl maleimidoacetate, 2,2-dimethylpropyl

10 maleimidoacetate, 2-ethylbutyl maleimidoacetate, 3,3-dimethylbutyl maleimidoacetate,
4-methylhexyl maleimidoacetate, 1-propylbutyl maleimidoacetate, 5-methylheptyl
maleimidoacetate, 1-ethylhexyl maleimidoacetate, 6-methyloctyl maleimidoacetate,
1-ethylheptyl maleimidoacetate, 3-iso-propylhexyl maleimidoacetate, n-pentyl
meleimidopropionate, n-hexyl meleimidopropionate, n-heptyl meleimidopropionate,

15  n-octyl meleimidopropionate, 1-ethylpropyl meleimidopropionate, 3-methylbutyl
meleimidopropionate, 4-methylhexyl meleimidopropionate, 3-iso-propylbutyl
meleimidopropionate, 2-ethylbutyl meleimidopropionate, 1-methytheptyl
meleimidopropionate, n-pentyl meleimidobutyrate, n-hexyl meleimidobutyrate, n-heptyl
meleimidobutyrate, 2,2-dimethylpropyl meleimidobutyrate, 1-ethylpropyl

20 meleimidobutyrate, 3-methylbutyl meleimidobutyrate, 2-ethylbutyl meleimidobutyrate,
3,3-dimethylbutyl meleimidobutyrate, 2-methylpentyl meleimidobutyrate,
1,2,2-trimethylpropyl meleimidobutyrate, 1,3-dimethylbutyl meleimidobutyrate,
4-methylhexyl meleimidobutyrate, 1-methylhexyl meleimidobutyrate, 1-propylbutyl

meleimidobutyrate, 3-methylhexyl meleimidobutyrate, n-pentyl maleimidovalerate,

25  n-hexyl maleimidovalerate, 3-methylbutyl maleimidovalerate, 2,2-dimethylpropyl



Exanpl es of the mal ei m de derivatives (A) represented by the general
formula (1) include, but are not limted to: n-pentyl

mal ei m doacet ate, n-hexyl mal ei m doacetate, n-heptyl

mal ei m doacetate, n- octyl mal ei m doacetlate, n- nonyl mal ei m doacet at e,

1- net hyl but acet at e, i.m doacet a

2, 2- di et WYGBP%P ek reéhﬂp@aak@?gf%ﬁng ﬁﬁ‘y?ﬁmt yl Pﬁlﬁvlém%ea%@e&l%@
3, 3-di met hyl butyl nal ei mi doacet ate, 4-nethyl hexyl mal ei ni doacet at e,
1- pr opyl b@myﬂtllﬁa¢1éylnﬁ@i@@z@éom1@ate53 Aedimgihylutyl mateimidoviatsateet at e,

1- et hyl hexyl nmmal ei m doacetate, 6-nethyloctyl mal ei m doacetate,

1- et hyl hepeydimeelytiunyidodeiatiddelerdte] Sethpibopy ndeiydidovaleeatal doacet at e,
n-pentyl nel ei m dopropionate, n-hexyl meleim dopropionate, n-heptyl
mel ei m doprRi-Q0aLByIpIRI BeldhidRhRER dpls&]gﬁh@an@ﬁrﬁdoc%pﬁ;a&y Qﬁﬁélﬂ)?’lbutyl

ne:elnlgoproplonate 3 et hyl butyl el ei i opropi onate, 4-methyl hexyl
2 et hyl bu | 0 rf’e%f’c{%d Shiforye 2 ERBEAREH K %‘ﬁiﬁg%‘éf‘%@ o PA e opi onat e
el oi m coBaPRAEPTE S, G duEHpH SRy PGP B SbGe FayiromT

1- et hyl propyl 20nel ei m dobutyrate, 3- nethylbutyl nelelnldobutyrate

2- et hyl bumleimisosanrpaismidyatare,  Bhese slaydehpebaoys. ol ermREgETe Pl Y@ or
2-met hyl pentyl nmel ei m dobutyrate, 1,2,2-trinethyl propyl nele

m dobut yraies. 1, 3-di net hyl but yl neleinidobutyrate, 4- et hyl hexyl

mel ei m dobutyrate, 1-nethyl hexyl nelei m dobutyrate, 1-propyl butyl

mel ei m dofmgpyy ate, 3-nethyl hexyl nelei m dobutyrate, n-pentyl

mal ei m doval erate, 25n-hexyl mal eirnidoval erate, 3-nethyl butyl

mel ei fq doval er akeyéy ﬁaé’&%ﬁfaﬂ% Pfig[méfer%b]r% cOfb& e@‘l%’ﬂf‘h@ Egl’ more and 10

1- et hyl propyl mal er m doval erate penty etm va erate,

3- nethylpg e im doval er at e 3

i o 1 doraPLraiaR ot R CBr R B By b o3 by Ay
mal ei m doval erate, 1-ethyl-I-nmethyl propyl nalelnldgyaler% ? ¥I
mal e mi doleaprgsiedn e ﬁ%tﬂwﬁsalaﬁwp%%%. i H5eapgheemaleimide erivaelve (A

2, 2-di met hyl propyl mal ei m docaproate, 3-nethylbutyl

mal ei ni dotsapitiuntles abbye-ddsarded yingeobyi theahdpimide denprabisie &) can impart a

1- et hyl propyl mal ei m docaproate, and others. These may be used al one,
or i n conkdti@ictaapdilafiot sifeco anddicy v¢180REA]to HXAesmlcompbed o er Furtet, tiee use
(A) preferably conprises 1% by weight or nore and 10

15  ofthe resulting resin composition can result in small warpage of semiconductor devices
at high temperatures.
[0021]
As a bis-maleimide compound (B) which can be employed in the present
invention, is used a compound represented by the general formula (2). The
20  bis-maleimide compound (B) is a compound which contains two maleimide groups
within one molecule, and is a resin which is cured by forming a three-dimensional

network structure through the reaction of the maleimide groups by heating.

[0022]



% by weight or less, and nore preferably 1% by wei ght or nore and 6%
by wei ght or | ess, based on the entire resin conposition. If the
anmount of nal ei mde derivative (A is within the above-descri bed
range, then the mal ei mide derivative (Af can inpart a satisfactory
dilution effect and a low volatility to the resin conposition.
Furt her, tidu€H) 150f the resulting resin conpositidhOeaPHresult in
smal | war pHge of ‘seni conductor devices at high tenpératufes. [0021]
As a bi s-mgl ei m deNeoRPeAGEOFRY (K- ear00O-eRpH-ayed in]the pr esén}
invention, |lis used a compound represented by the geperall{fornula (2).
The 20 bi sGr€E@i de conmpound (B) is a conpound whi YO edditai ns two
mal ei m de groups within one nolecule, and is a resin which is cured
by fornin? a_three-di nensional network structure through the reaction
of the nmal¥2H de groups by heating. [0022] 12 CHCOCO-CH N N R3
-COO R4 -(X1-R4)m 000-R3-N(2) /N CH COCO CH

A bis-maleimide compound (B) comprises maleimide groups or derivatives

thereof as a functional group. This is because these groups provide satisfactory

5  adhesion to the surface of a metal which is difficult to adhere, such as nickel-palladium
platings, by virtue of the polarity of the imide ring, and also provide satisfactory
reactivity under heating when the compound (B) is used with a thermal radical
polymerization initiator as described below.
[0024]

10 From the viewpoint of curing properties, preferred is a bis-maleimide that has
two maleimide rings within one molecule. The two maleimide rings and an alkylene
group of an aliphatic hydrocarbon may be connected through an ether linkage, an ester
linkage, or the like. The reason why the present invention uses a bis-maleimide
containing two functional groups within one molecule is that the effect of enhancing the

15 adhesion force, which is expected to be obtained, is not sufficiently obtained in the case
of one functionality. Also, in the case of three or more functionalities, the molecule has
a larger molecular weight and thus its viscosity is increased, leading to making the resin
composition highly viscous. As a bis-maleimide compound, those prepared using
aromatic amines as a raw material are well known. However, such aromatic maleimide

20  compounds generally have a strong tendency to be crystallized, and thus it is difficult to
obtain aromatic maleimides which are liquid at room temperature. Such aromatic
maleimide compounds are soluble in high-boiling polar solvents, such as

dimethylformamide and N-methylpyrrolidone. When these solvents are used, however,



[ 0023] A bi s-nmal ei m de conpound (B) conprises nal ei mde groups
or derivatives thereof as a functional group. This is because these
groups provide satisfactory 5adhesion to the surface of a netal which
is difficult to adhere, such as nickel 1pal | adi um pl ati ngs, by virtue
of the polar,it f the imde ring, and also provide satisfactary
Peacti vi tYOnueH DR esarHE et ioharE SR TeB) SPRPGEERRFLHNE Pher al
radi cal polymnerization initiator as described bel ow. [0024] 10From

t he vi ewp@ttatioretion o tha ghesmepeandietsvitypr & epriedt, Ps-malginiderap@penngls (Bhat
has two mal eimde rings within one nolecule. The two mal ei m de rings
and an al khichreee Hquidpt sfonatenglergpinal dendtyded tdeniae nf amysobentsendeah &d

t hrough an ether |inkage, an ester |inkage, or the like. The reason
why the poag@Rtudedvention uses a bis-maleinde containing two
functional groups within one nolecule is that the effect of enhancing
t he 1§§dhﬁﬁbgg force, which is expected to be obtained, is not
sufficiently obtained in the case of one functionality. Also, in the
case of three op_ nore functjonalities, the l,ecul. e has | ar ger

o1 scul ar et gk SniGsEe PEngladebERenS s PRtoeuben S e e g L b
maki ng the resin conposition highly viscous. As a bis-nmal ei mde
conpound, carheR alopise BEYIM the IlW@b%Feryr?at‘i’iO@ e S wInerer wh Aspappad ase
wel I known. However, such aromatic nal ei m de 20conpounds generally
have a st pdmgctdaggnitpity,andelncroaatatiHeiused!, Hednithes of tarben efiofrsiod dl3tis
to obtain aromatic mal eimdes which are liquid at roomtenperature.
Such arorrglteif@amlfﬁjlm @espmmﬂarwﬁ-ewmphe i n high-boiling polar
sol vents, such as di nmethyl formam de and N-net hyl pyrrolidone. Wen
thesel@olﬁgﬁ%z are used, however, 13 voids will be generated in
heating ahd curing of a resin conposition, resulting in deterioration

(), wni ch are Frquls b brriuigorararts i RRr Sl e R 6 any
sol vents and can be sujtably used. , )
carbon atoms. When the number of carbon atoms is less than this range, water
absorption properties of such a compound are deteriorated, leading to deterioration in
properties, such as adhesion force, under severe conditions for water absorption, for
15  example, in a pressure cooker test. When the number of carbon atoms is more than this
range, the crystallinity of such a compound becomes increased, at the same time as
resulting in too strong a hydrophobicity of a resin composition derived from this
compound, leading to deterioration of the force of adhesion to surfaces of oxidation
sensitive metals, such as copper, or other surfaces. More preferable number of carbon
20  atomsinR4is3or4
[0027]
The bis-maleimide compound (B) includes an -O-, -COO-, or -OCOO- group as
X1. This is because these groups are necessary for exerting flexible properties of a

cured material and for liquefying the bis-maleimide compound (B) in a state of a raw

25  material or for enhancing the solubility to other components. Among these, X1 1s



5[ 0025] R3 in the general fornmula (2) represents a hydrocarbon
group having 1 to 5 carbon atons. Wen the nunber of carbon atons is
6 or nore, such a conpound has enhanced crystallinity, and thus
cannot be used. The number of carbon atléns of R3 is preferably from1

or 5, and rticularl ref er ab 1. 10[0026] . R4 in the .
Gencrart BRIFATCS) EuReEomh B RO gt SR, Gendscgsity
carbon atoms. Wen the nunber of carbon atons is less than this
range, wabegomgsden pighomdghepidiess esesoire seigheigied ippraeidcear &f the repeating
deteriorated, |eading to deterioration in properties, such as

adhesi on it s&isfiantherabseyréeseribaheintitons, thar copatyenerabSovgdn aore tfoss or
15exanple, in a pressure cooker test. Wen the nunber of carbon atons

i's nore tRkah dildreorPbadhts EdhebeCdldosisall] i nity of such a conpound becones
increased, at the sanme tine as resulting in too strong a

hydrop?obgﬁj%{ of a resin conposition derived fromthis conpound,
| eading t 3é erioration of the force of adhesion to surfaces of

oxi dation sensitive netal su as., ¢ er, or other surfaces. Mre
oref ar abl e nunbePTBPTE S SHTREoRR R e et e Bhted BybsRRTghe

bi s-mal ei m de conpound (B) includes an -0-, -000-, or -0000- group as
Xl . This FemBadEsEingraseige sipys aaf @ CADOSE SEXp, Whereaxae compodddianbl e
properties of a cured material and for |iquefying the

bi s- mal ei htttkser trepouided goBp and tle srtaxe grfurea hedweshat goiphaang 1 os 5
enhancing the solubility to other conponents. Anong these, X1 is 14
pr ef er abl yarbbn atobsr(EReine, sbgne tahdns RPRAE hd1d, Mdrifiedis) fnd HaldR @hidade or

50, the viscosity
10 aderivative thereof, thereby to synthesize a maleimidized amino acid, and reacting the
resulting compound and a polyalkyleneoxide diol, a polyalkylene ester diol, or the like.
[0029]
As an allyl ester group-containing compound (C), compounds that are
commonly known can be used. Examples of the compound (C) include, but are not
15  limited to, diallyl phthalate, diallyl terephthalate, diallyl isophthalate, triallyl trimellitate,
diallyl malate, allyl methacrylate, allyl acetoacetate, and others.
[0030]
The compound (C) is a compound which has at least one allyl ester group within
one molecule, preferably two or three allyl ester groups from the viewpoint of curing
20  properties. When the number of functional groups within one molecule is increased, the
molecular weight of the molecule is increased accordingly, and thus the viscosity
generally tends to become increased. For this reason, the most preferable number of
functional groups within one molecule 1s two, in view of the balance of curing properties

and workability.

25  [0031]



beconmes too high, and thus these cases are not preferred in practice.
If the repeating unit satisfies the above-described conditions, then
copolyners of two or nore types or with other conponents can be al so
used. 5[ 0028] Conpounds of the kind dedéribed above can be obtai ned
by reacting a cgonppound havi ng an anide_qrou and a carboxy group, .
wherein the conpBuREPPHSVERBEM S veagt of BWCF&BWQHEFI {Hds eaf?lyas&ﬁ in
group a hydrocarbon group having 1 to 5 carbon atons (gl ycine,

al ani ne, amitinolenpndisprafsraply S¢{Hommbuesrasyl, 10408 omidse, and patiicdieclyereferably a
derivative thereof, thereby to synthesize a maleimdized am no acid,
and react 50@ot mere S8, 000ng lexkNP Wingh the duidb@alvialsk yodaeinx mebegtd iokvithia
pol yal kyl ene ester diol, or the like. [0029] As an allyl ester

gr oup- confiRl b PEJEREBAYAR €, Bhe cGAPRHARSd ARt e PhAIERAMRBAN K BRMheCaN
be used. Exanpl es of the %onpound (© include, but aré not 15limted

to, diallyl_phthal ate. ial]l repht hal ate, diallyl isophthalate,
triall@l ?gﬁﬁg W?F%F@?@%FQF?§+Gﬁ§V§ﬁ%? allyl nethacrylate, allyl
acetoaceta%ﬁ and ot hers. [0030] The conpound (C) is a
conmpound ¢h has at |east one allyl ester group within one

nol ecul e, preferably two or three allyl ester groups fromthe

vi ewpoi nt of cuEk#gpieopt bpeewpesnd hdwuvinge muntise evarted maleeilangpight as
groups within one nolecule is increased, the nolecul ar weight of the
nol ecul e Hescrihed dase dndodeoathil g kster-@ndinbted somipeund scelsich yilyehmhal isy
tends to becone increased. For this reason, the nost preferable

nunber of addsaddyl Qnalficai Do éddsdf APBIRREEHICE id SyntVizel RroMi £W Of
t he bal ance of "curing properties and workability. 25[0031]

10 dicarboxylic acid, such as terephthalic acid, isophthalic acid, phthalic acid,
5-norbornen-endo-2,3-dicarboxylic acid, 1,4-dicyclohexanedicarboxylic acid, and adipic
acid, or a methyl ester derivative thereof and an alkylene diol having 2 to § carbon atoms.
[0033]

It is preferable that the compound (C) does not possess an aromatic ring. The

15  reason for this is that an aromatic ring is of a rigid structure and the presence of an
aromatic ring causes the rigidity of a cured material to increase too much and makes it
brittle, as a result of which cracks are more likely to occur in semiconductor devices. In
general, when an aromatic ring is present, the crystallinity of the resin is high, and thus it
is difficult to obtain compounds which are liquid at room temperature, resulting in

20  deterioration of the workability during dispense-applying. From the viewpoint of
solving these problems, it is more preferable to have a functional group represented by
the general formula (3). The structure having an aliphatic ring allows the formation of a
resin composition which is satisfactory at workability and whose brittleness 1s suppressed

also under circumstances at high temperatures during reflowing, and thus is capable of

25  suppressing the occurrence of cracks and others in semiconductor devices.



15 The nunber average nol ecul ar wei ght of the conpound (C) is
not limted in particular, and is preferably 500 or nore and 10, 000
or less, and particularly preferably 500 or nore and 8,000 or |ess.
When the nunber average nol ecul ar weighf is within the

above-deSﬁﬁi ﬁd range, the curing shrinkage can be particularly
reduced a e 5decrease in adhesiveness can be prevented. [0032]
Exanpl es of the conpound (C) having a nunber average nol ecul ar wei ght
as descri bed above include an ally' ester-term nated conmpound in
which ally] al cohol is added by esterificatipg at both ends of a

pol yester which is synthesized froma l0di€arbowylic acid, such as
terephthallc acid, iso hthallc aC|d pht alic acip 3
5- nor bonenf_d4r 07-2 —dléz!rrl exyi e £3i o A di cy né}di—ca@boxyglc)
acid, and adeIC cid, or a met hyl ;ester |derivatiye ther of and an
aIkerne di ol hav?ng 2 to 8 carbon”atons. 3 dTeferable

t hat the conpound ) does not pogsess an areffatic r|ng The 15reason
for this is that aronatlc ringdMs of arigid structugg and the
presence of an aromatic ring causes the rigidity of a cured materi al
to increase too much and makes it brittle, as a result of which
cracks are nore likely to occur in sem conductor devices. In general,
when an af@3®élic ring is present, the crystallinity of the resinis
high, and thus it is difficult to obtain conmpounds which are liquid

at roosn t enper adlitidie 8 YbinbHehd )Hﬁdi%tg%rﬂa@i'b@t}io@ﬁn&fxabi&%ﬂ@fo'ﬁﬁﬂ)grbhﬁ ¥s
during di spense-appl yi ng. From the viewpoint of solving these

probl ens, 4
r epr esent e!&stcgbét% ﬁée%\g ecﬁé ?gﬁE%o nlﬁhl}l% s?@eewﬁlhfl [dggslt, 1'109 nl% alg ﬂl%%?fects of the
aliphatic ring.allaws .the f tion.of a n 05|t|on mhl his
at Dot act BN RRG P R RGE S P %fﬁﬂsf% toipreds et oo
under circunstances at high tenperatures during reflow ng, and thus
i s capabl Breggnt mEsHp- es@X%@ﬂ%&ptb@ é@ﬁp@h@émﬂllt‘gm%@daw FORRCentpining
sem conductor devices. [0034]

(meth)acrylate, such as 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate,

10 3-hydroxypropyl (meth)acrylate, 2-hydroxybutyl (meth)acrylate, 3-hydroxybutyl
{meth)acrylate, 4-hydroxybutyl (meth)acrylate, glycerin mono(meth)acrylate, glycerin
di(meth)acrylate, trimethylolpropane mono(meth)acrylate, trimethylolpropane
di(meth)acrylate, pentaerythritol mono(meth}acrylate, pentaerythritol di(meth)acrylate,
pentaerythritol tri(ineth)acrylate, and neopentyl glycol mono(meth)acrylate; and a

15  carboxy group-containing (meth)acrylate obtained by reacting the above-described
hydroxy group-containing (meth)acrylate and a dicarboxylic acid or derivative thereof.
In this case, examples of dicarboxylic acids which can be used in the present invention
include oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, pimelic acid,
suberic acid, azelaic acid, sebacic acid, maleic acid, fumaric acid, phthalic acid,

20 tetrahydrophthalic acid, hexahydrophthalic acid, and derivatives thereof.

[0036]



[0035] 5In addition, a conmpound (D) having a radical polynerizable
functional group as described bel ow can be used within a scope which
does not inpair the effects of the present invention, in order to
adj ust vari ous properties of a resin céﬁposition of the present

i nvention. Exa

gr oup- cont ai ni EEOIPH%?I}%S 021}61 (t;léa{mpose d)é%}\rlé%sllyéﬁﬁe(g? e%%o 11186& for example,

(met h)acryl at e, hydr oxypr opyl acrylate 103 ypr opyl
(1ot ) acr JRvelm SR SR yBET Imet N Mo Py &ne@Jwﬂ?%x%‘%(Ht%
(meth)acrylate, 4- hydrpxybuty (nmeth)acryl ate, cerin

mono( met himethyscailae, tgitiptebuty @ﬂf(ﬂm)éﬁlbfgaé@ nspidaeyd (mt3 aeeylhigl bpid opane
nmono( et h) acryl ate, trinethyl ol propane di (neth)acryl ate,

pent aer yt tihéthpkryimaatidedyhathytgiaes, 2pehylaeny (heth)elylshic(steédylladr yl at e,
pentaerythritol tri(nmeth)acrylate, and neopentyl glycol

mono( et N AGK YAl Aes, B8R (HEBANANY. ﬁfeﬁﬁeﬂ%ﬂkﬁbﬁbaﬂﬂylﬁﬂéﬁg%ﬂﬂ yl ate

obtai ned by reacting thé above-descri be r oxy group-contai ni ng

(et h) acr I r is
Case, oxanproleRpa it ERiapEE R %'wg%a%ﬂﬂ% S PRRER Lt AR,
i nventi on i ncl ude oxal,l uccin taric
bl o g By et s ingety Gestr Bodie dl%{&i@ﬁléﬁ@ﬁﬁwfen%ﬁsa’&é%
acid, mal ei ¢ acid, fumaric acid, phthalic acid, 20tetrahydrophthalic
aci d, hexa¢spsripabEel @T@tlé)é?fdlatfamg pthyt (medDaeniisie 8123, 00gBuonopropy!
Conmpounds ot her than those previously listed can be al so used: for

exanpl e, (retthjderylaet ) Ack 4.l derafletblydtyl((metihraglad, aedluomnedeti Wineth)acrylate,
(meth)acrylate, isobutyl (meth)acrylate, tertiary butyl

(et h)y@cr yédurootSAARAY meﬁmm@c éﬂ‘lll,@ 1€ gzyhawlmhetﬁyﬁemataqﬁmb)aézfa lycol
tridecy (neth)acrylate, 2-ethylhexyl (meth)acrylate, other %
di(meth)acrylate, 1,4-butanediol di{meth)acrylate, 1,6-hexanediol da(meth)acrylate,
1,9-nonanediol di(meth)acrylate, 1,3-butanediol di(ineth)acrylate, 1,10-decanediol
di{meth)acrylate, tetramethylene glycol di{meth)acrylate, methoxyethyl (meth)acrylate,
butoxyethyl (meth)acrylate, ethoxydiethylene glycol (meth)acrylate, polyethylene glycol
15  di(meth)acrylate, N,N’-methylene-bis(meth)acrylamide,
N,N’-ethylene-bis(meth)acrylamide, 1,2-di{meth)acrylamido ethylene glycol,
di(meth)acryloyloxymethyltricyclodecane, N-(meth)acryloyloxyethylmaleimide,
N-(meth)acryloyloxyethylhexahydrophthalimide, N-(meth)acryloyloxyethylphthalimide,
n-vinyl-2-pyrrolidone, styrene derivatives, a~-methylstyrene derivatives, and others.
20 [0037]
It is preferable that a resin composition of the present invention further
comprises a polymerization initiator from the viewpoint of controlling the initiation
reaction of radical polymerization. As a polymerization initiator, thermal radical

polymerization initiators are preferably employed. Polymerization initiators are not

25  limited in particular, as long as they are usually used as a thermal radical polymerization



5(nmet h) acryl ates, benzyl (neth)acrylate, phenoxyethyl (neth)acryl ate,
glycidyl (neth)acrylate, trinmethylol propane tri(nmeth)acrylate, zinc
nono( et h) acryl ate, zinc di(nmeth)acryl ate, dinethylam noet hyl
(meth)acryl ate, diethylam noethyl (et %aorylate, neopentyl gl ycol
(met h) acryl. i : V. : r i .
o> 3 5t BUF ahd b BSHPR LRI GhaRare hGaye aroprstombaross hish
(meth)acryl ate, perfl.uorooctyl (neth)a | ate, 1 rf roqctyl et hyl
(et h) acr PP edecapRgFERR SGIRFESPTEdP (ﬂ‘ﬁéﬁlﬁﬁl RE et Q?Qﬁ F%L‘WQ 14 %?B‘Efﬁ%re
di (meth)acrylate, 1,4-butanediol di(neth)acrylate, 1,6-hexanediol
di (et h) aétyhigh ghe decompesitiprebesins whembe kY asaypplgtieplagednban derdde beating
di (neth)acryl ate, 1,10-decanedi ol di(netb)acrylate, tetranethyl ene

gl ycol di phast dndahe jengieegtumas useydet BYT/n(inmet Deaompbstien tebypieoxyres baplond
(meth)acryl ate, ethoxydi ethylene glycol (neth)acrylate, polyethylene
gl ycol 5 15dii¢ fﬁ%@ RGIoY brtf@abltl NcauiRtthy 4teRBHRY s (RnR) REH¥ AL d€a resin

N, N - et hyl ene-bi s(net h)acryl am de, 1, 2-di (neth)acrylam do ethyl ene

gl ycol, dij - l.L ] o o
oYy aééiﬁ%@%ﬁ@%%% %fggﬁsﬁégé hEBFBERER Minperature is lower than 40°C,

N- (et h) acr vl oyl oxyet hyl hexahydr opht.hal { m de,

N- (et h) adf§F &Y D% 5tt11F3}/Ei ai© TE’ ?lplﬁ@ b?‘i‘?ﬁe-st‘Bf}P?lé’ll?%WE‘?“ Qyrene
derivatives, oc-nethylstyrene derivatives, and others. 20[0037] It is
pr ef er abl 8eqoRHOsKIopAPPLIRYHBSPedsdrtVUTE- t he present invention further
conprises a polynerization initiator fromthe viewpoint of
control i f@38he initiation reaction of radical polynerization. As a
pol ymeri zation initiator, thermal radical polynerization initiators

are pteferably spaifiyedmpPel oMesrinadtadenl pdllyineAtHios iditigtordihidhidat thed
in particular, as long as they are usually used as a thermal radical

pol yrmer i Zghds@Mnclidde et ié’tllglrket@ Mi&%&l&@&?&dhekﬁi&%%%ﬁe‘ﬁﬂeﬂm are

desirable are preferably those I ch have econposition tenperature

in a rapi j f 4 40C (the tenperature at which the
deconposi??%%ﬁ%%%ﬂﬁ%&a %%CTygﬂéﬁnéP%é%%%e is placed on an electric

FNAEE N TERTEREL S ST NER e AR e
storability at normal tenperature of a resin
I.1-bis(t-hexylperoxy)-3,3,5-trimethylcyclohexane, 1,1-bis(t-butylperoxy)cyclohexane,

15 2,2-bis(4,4-di-t-butylperoxycyclohexyl)propane, 1,1-bis(t-butylperoxy)cyclododecane,
n-butyl 4,4-bis(t-butylperoxy)valerate, 2,2-bis(t-butylperoxy)butane,
1,1-bis(t-butylperoxy)-2-methylcyclohexane, t-butyl hydroperoxide, p-menthane
hydroperoxide, 1,1,3,3-tetramethylbutyl hydroperoxide, t-hexyl hydroperoxide, dicumyl
peroxide, 2,5-dimethyl-2,5-bis(t-butylperoxy)hexane,

20 o,o’-bis(t-butylperoxy)diisopropylbenzene, t-butylcumyl peroxide, di-t-butyl peroxide,
2,5-dimethyl-2,5-bis(t-butylperoxy)hexyne-3, isobutyryl peroxide,
3,5,5-trimethylhexanoyl peroxide, octanoyl peroxide, lauroyl peroxide, cinnamic acid
peroxide, m-toluoyl peroxide, benzoyl peroxide, diisopropyl peroxydicarbonate,

bis(4-t-butylcyclohexyl) peroxydicarbonate, di-3-methoxybutyl peroxydicarbonate,

25  di-2-ethylhexyl peroxydicarbonate, di-sec-butyl peroxydicarbonate,



conposition becones worse when the deconposition tenperature is |ower
than 40C, while the curing tinme of a resin conposition becones
extrenely | ong when the deconposition tenperature exceeds 140C.

[ 0038] 10Specific exanpl es of thernmal rddi cal pol ymeri zati on
i nitiators: whi _Lhel t il e peroxi de,
ot hy| oycPEh A e TSP R BEck R ltE e AP S0
acetyl acetone peroxide, B
1, 1- bi s( t PHOEYIIFEPHA)S, 9% 3bisnepdsrappyipergry)gHespapry benzene, cumyl
1, 1- bi s(t-hexyl peroxy) cycl ohexane,
1, 1- bi s(t ptrexylgode@xyited], B3 53-tetramethiyibucy pkohkenanecanoate,
1, 1-bi s(t-butyl peroxy)cycl ohexane,

52, 2- bi 5(iQyéioﬁ&xﬂ-—lQﬂ&ﬂl&&ﬁfy@ﬁ&’x@)ﬁ%é&@é@&ﬁbﬁt@!@ml?ﬁperoxyneodecanoate, t-butyl

, 1-bi s(t-butyl peroxy)cycl ododecane, n-butyl

1

1, 1-

£ & Dol BRSNS Al Srorpaflis o pepputane, |
Pt ang AR08l kAR U hroperoxice

2,5-dinmethyl-2, 5-bis(t-butyl peroxy)hexane,

20a. , a' - bil 3¢ RNl By PaI e Tpe B Iarahe, t-butyl cunyl peroxi de,
di -t-butyl peroxide, 2,5-dinethyl-2,5-bis(t-butylperoxy)hexyne-3,

i sobut yr yll-oyelobseiydd ;m8thsleBt parevest-Baethd herrmphtepiehaxylpdegx yob-ttpblydxanoate,
per oxi de, |auroyl peroxide, cinnam c acid peroxide, mtoluoyl

per oxi de, t-benzeydxypBedyl Bexancite,cutd Pptoxpaobutyhte abhod at@®xymaleic acid,
bi s(4-t-butyl cycl ohexyl) peroxydi carbonate, di-3-nethoxybutyl

per oxygli capRONAtExyldadie; Zb@ttyméldg?xy,k,sgﬁ{&nm };@%P)ﬁ»@%mygkfo%%amgﬂ

per oxydi carbonate,” 19 di (3-rmet hyl-3-nmet hoxybuty per oxydi car bon

di (4-t-bu | y4li

L I B S gy,
per oxyneodecano 1,3, 3-tetra per oxyneodecanoat e,
Dy el onotsr STy BS R BMEC e B SO O RER . L IRy

per oxyneodecanoate, t-butyl 5peroxyneodecanoate, t-hexyl

per oxypi vafarEbenzogettyutyner osyprto ot kenzoate, t-butyl peroxybenzoate,

2, 5-di met hyl- 2, 5- bi s(2- et hyl hexanoyl per oxy) hexane,

1, 1, 3, 3-t bisftameygeyd:pitgoiphtr bk +-Bugphyplk yé bt amoat &honate,
1- cycl ohexyl - 1- net hyl et hyl per oxy- 2- et hyl hexanoat e,

t - hexys pesgxy;2:1etdiybuthparanpationylb&ibpharne)dnd dtieidy | THexamaoate,
t-butyl peroxyisobutyrate, t-butyl peroxynaleic acid, 10t-butyl

P?Lg?g: Sg:@% gyiyse% Bfr?)g%,ﬁrgﬁ Xk 0T 1w b TR YVdonBEXARRR Roperties.
[0039]
In the present invention, fillers can be also added. Addition of fillers can
provide, for example, adjustment of the viscosity and thixotropy, and toughening of resin
20 compositions, whereby handing, for example, in operations of application of resin
compositions to supports or semiconductor chips will be made easier.
[0040]
As a filler which is employed in the present invention, conductive fillers that are

commonly known can be employed: for example, powders of metals, such as silver,

25 platinum, gold, nickel, iron, tin, copper, and palladium; metal-coated powders having a



nonocar bonat e, t-butyl peroxy-2-ethyl hexyl nonocarbonate,

2,5-di net hyl- 2, 5- bi s(benzoyl per oxy) hexane, t-butyl peroxyacetate,
t - hexyl peroxybenzoate, t-butyperoxy-mtoluoyl benzoate, t-butyl
per oxybenzoate, bis(t-butyperoxy) isophthalate, t-butyperoxyallyl

nonocar bo it S Y S a yper | 8
e R L S S e
nore to control curi prqperties. 039 .In the.present .
vent | on o e ikt B G stfer Komrartsiorsrc Potdur B asbecially,
provi de, for exanple, adjustnent of the viscosity and thixotropy, and
t ougheni néhegise pésilver Xpietepsd ifionohs viewaiwsy elrshifi sogdudtoityex Bngsideion; i
operations of application of resin conpositions to supports or

sem conduct @so pdssibke niusé filersvathen e asiperwhifl) OdnoAsnzeif the keffectwhf ch i s
enpl oyed in the present invention, conductive fillers that are

commonty kot canllgs, i FRdR Ye tdjudtahriBXABheticP OMWIRES @fnpdEitish 8 theuch
as silver, 25platinum gold, nickel, iron, tin, copper, and

pal I adi u régﬁ{t%\?e?lﬁaﬁ.eds Vﬂf‘e"rﬁnlaﬁ%ie,rﬁgr & n%ﬁn_a,(bgy lé%tcjf*é@raklﬁ Sel(li;l% flica and

their surface, such as silver-coated powders; ‘and powers o rbon,
such as ca{ l?%‘ bl ack arndfgreaﬁgi itei i n OrQO)I:E{het o i %ar t ‘1€| ectric
conduct i vi uf %30588}”8? IS)?, R HIEFSEs 1 RS pﬁ? FEFFPEd fromthe
vi ewpoi nt _of electric conductivity. In addition, it is also possible
to use fil9¥s within a scope which does not inpair the effects of
S5conductive fillers, in order to adjust various properties of a resin
conposi tion of rherdprieswpartimsvting propegieshit i pdssibks tb me¢, doesxafnpte,
exanpl e, powders of ceramics like silica and alum na, or powders of
t her nbg et powders $ teramiusdikehitiva aod hBsiing of @svlsrs of thermosetting resins and
thermoplastic resins.
[0042]
The shape of powders commonly used as a filler is various, such as scale, sphere,
resin, and powder, and is not limited in particular in the present invention.
15 [0043]
The content of the above-described filler(s), for example, in cases of silver, is
preferably 60% by weight or more and 90% by weight or less, and particularly preferably
70% by weight or more and 85% by weight or less, of the entire thermosetting adhesive
composition according to the present invention. Additionally, the content of the filler(s)
20 1s preferably 20% by volume or more 50% by volume or less of the entire thermosetting
adhesive composition according to the present invention. Setting the content of the
filler(s) to be within the above-described range can make the viscosity and thixotropy
suitable and improve the workability.

[0044]

25 The mean particle size of the above-described fillers is preferably 1 ym or more



[0041] In order to inpart insulating properties, it is possible to
use, for exanple, 10powders of ceramcs |like silica and alum na, or
powders of thernosetting resins and thgﬁnnplastic resins. [0042]

The shape of powders commonly used as filler is various, such as

scale, s pQ&T }30) ﬁlecﬁ‘!lgbs, al Ty p@ﬁagaﬂl 01l 1i118‘1.let a%q 7 ;ﬂ Qﬁ"iés.é,c UA%{eahn
6 % o of tﬁe

the present invention: _ ont ent _ _

Pr of or abi TGP T ghET BPORORE o GevRY TRBR gHE 57 [k hegfaposity of
particularly preferably_?O@@g% wei ght or nore and 85% by wei ght or

| ess, of fhadisstvecamppi i setabie yhngRdasapdasinlpsss equshtoaRrdsAY HE t o
the present invention. Additionally, the content of the filler(s)

20i s pr ef ebatetdes@idbyppeolinitean resnid ireths@edusyion of probleprs duemg nodldingesuch
entire thernosetting adhesi ve conposition according to the present

i nvents onas Seizld AggdiRe COd 884n Rirtiélb eizk dkdcgibés hbdve dag beinidakuted, ITer
above-descri bed range can nake the viscosity and thixotropy suitable

and i npr ogﬁng@g, b Flggs'sﬂaﬁrxs ok ggegﬂqréﬁ}w Sisﬁﬁﬁﬁoﬂ%%&gikﬁ: s%zc?é %ﬁag ai448r

above-descri IS pre Am or nore 1 an pm or
| ess, anddgﬁrﬂiculgrl% referﬁb y 2 Amor nore and 7 pmor less. A
mean parti 8°§Pf@-éa e EP%%bove t he above-described | ower |imit
can make the viscosity of an adhesive conposition suitable, while a
mean partﬂgﬁé]size equal to or bel ow the above-descri bed upper limt

can result in the reduction of problens during nolding, such )
In the present invention, it is possible to use coupling agents from the viewpoint

10 of improving the adhesion force. It is possible to use silane coupling agents and
titanium-based coupling agents which are commonly used. Especially, when silver
powders are employed as an inorganic filler, silane coupling agents having an S-S
linkage also result in binding to the surface of the silver powders, and thus improve not
only the adhesion force with the surface of adherends, but also the cohesion force of

15  cured materials. Therefore, silane coupling agents having an S-S linkage can be
suitably used. Silane coupling agents having an S-S linkage include
bis(trimethoxysilylpropyl) monosulfide, bis(triethoxysilylpropyl) monosulfide,
bis(tributoxysilylpropyl) monosulfide, bis(dimethoxymethylsilylpropyl) monosulfide,
bis(diethoxymethylsilylpropy!) monosulfide, bis(dibutoxymethylsilylpropyl)

20  monosulfide, bis(trimethoxysilylpropyl) disulfide, bis(triethoxysilylpropyl) disulfide,
bis(tributoxysilylpropyl) disulfide, bis(dimethoxymethylsilylpropyl) disulfide,
bis(diethoxymethylsilylpropyl) disulfide, bis{dibutoxymethylsilylpropyl) disulfide,
bis(trimethoxysilylpropyl) trisulfide, bis(triethoxysilylpropyl) trisulfide,
bis(tributoxysilylpropyl) trisulfide, bis(dimethoxymethylsilylpropyl) trisulfide,

25  bis(diethoxymethylsilylpropyl) trisulfide, bis(dibutoxymethylsilylpropyl) trisulfide,



5as nozzl e clogging. The nean particle size described above can be
measured, for exanple, with an apparatus for neasuring the
distribution of particle sizes using a&%aser diffiaction and
scattering nethod. [0045] In the prese i nvention, is possible to

use COUP' 'ofégn?rgzﬁ i é,Fl %lz?eu‘éb Q'H?é(ti'ﬁ &/gl Eﬁpgﬂget%a@ﬁﬁﬁghes' on

force. PoOSsI e Si ane couplin

&Léﬁ”é?ﬁ@@tﬁﬁﬂ@%ﬁ@ SRR ?)&ﬁ“%iv?sﬁh%ﬁﬁq?‘%ﬁﬁwf e EREE

coupling agents haV|n%7 an S-S Ilnka%e also result in blndlng to the
surface oPS{HethexymehylpbimeryD) temyulinasbisEimevemsdylghigropHstehardiion

force with the surface of adherends, but al so the cohesion force of
15cured nhisérintloxydihdpepoh eolysilfidadisvighdxysldgepys pobsilfigean S-S
l'i nkage can be suitably used. Silane coupling agents having an S-S

| i nkag® | bBltigetoRiSIHgropEl pelyyafiliy by @methoxiaRasWilidesyl) polysulfide,
bi s(triethoxysilylpropyl) nonosulfide, bis(tributoxysilylpropyl)

gonosul fi gy dlghﬁ}( &Efzi@@%}f%ﬁ;‘?)b E’shllﬁlderlﬂﬁﬂ putd BRI STy opyl) polysulfide,

s(dlethoxynethy ropy nmonosul f

bi s(di b I 20

oi o( 1§ e BERUErT y R BFEsDRSE Hblif FRATR Ll 1 wdintger iy e st et o1
di sul fide, bis(tribut xyS|IyIpropyI) dISU|fIde
bls(dlnetﬂb%¥W§PﬁVP§P PYOPoP9rS disul fi de,

bi s(di et hoxynet hyl sil yl propyl) disulfide,
bis(dibutﬂ%éﬁ%thylsiIyIpropyI) di sul fide, bis(trinmethoxysilylpropyl)
trisulfide, bis(triethoxysilylpropyl) trisulfide,

bi s(tt® but oxysi Inyddaitoyy [t)is dlsd pretfériisle to biesihdbmbitadsy nedilaye soupiinpragay! )
trisul fide, 25bis(diethoxynethylsilylpropyl) trisulfide,

s(di but oxymahfh Sid NhRERYA ) chiiplFigl afgbﬁQhat i#Rot a silane coup lmlg agent havm

bi s(trinmet hoxysilyl propyl) tetrasultid bi s(triethoxysi propyl

tetrasul f S(-jgahnkage. Silane coupling agents that are not silane coupling agents having an S-S
linkage, which are preferably employed in the present invention, include
allyltriethoxysilane, allyltrimethoxysilane, diethoxymethylvinylsilane,

15 triethoxyvinylsilane, vinyltrimethoxysilane, vinyltris(2-methoxyethoxy)silane,
3-glycidyloxypropyl{dimethoxy)methylsilane, 3-glycidyloxypropyltrimethoxysilane,
diethoxy(3-glycidyloxypropyhmethylsilane,
3-(2-aminoethylamino)propyldimethoxymethylsilane,
3-(2-aminoethylamino)propyltriethoxysilane,

20 3-(2-aminoethylamino)propyltrimethoxysilane, 3-aminopropyldiethoxymethylsilane,
3-aminopropyltriethoxysilane, 3-aminopropyltrimethoxysilane,
(3-mercaptopropyl)triethoxysilane, (3-mercaptopropyl)trimethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, (3-triethoxysilyl)propyl isocyanate,
(3-trimethoxysilyl)propyl acrylate, (3-trimethoxysilyl)propyl methacrylate,

25  triethoxy-1H,1H,2H,2H-tridecafluoro-n-octylsilane, 2-cyanoethyltriethoxysilane,



bi s(tributoxysilylpropyl) tetrasulfide,

bi s(di met hoxynet hyl silyl propyl) tetrasul fide,

bi s(di et hoxynet hyl silyl propyl) tetrasulfide,
bis(dibutoxynethylsiIyIpropyI) t et rasul28i de,

bi s(trinmethoxysil, I) pol ysul fi bis(trieth xyS|Iy propyl)
pol ysul fi diceigpyd 1@@ %Wgﬁtm Er%gﬂfﬂw @mﬂquaglmethylsi ane,

bi s(di met hoxynet hyl silyl propyl) polysulfide,

bi s(di et hd)(Wb@twlmhehylslﬂ)mxgpwl)etlmy@ﬂiyﬂplmﬂmlane hexyltrimethoxysilane,
bi s(di but oxymet hyl silyl propyl) polysulfide, and others. These silane
coupl i ng agkdtsythatongilam, 5-Gtilirkagesiimy, deadesddishagsiyanepr in
conbi nations of two or nore. [0046] 10In addition, it is also

pref erabl %ct"ﬁ@edgﬁﬁlﬂeﬂm%?m'n@%én%rleﬁm%&é}?aﬂ@ tﬁ%l%%)&)ﬁ'l%ﬂ%gﬁ%lehav' ng an
S-S linkage and a coupling agerit that is not a si’l ane coup1|ng agent

n |
R b e ‘?%E%;*a&g AR el ayed
;|n| ;P’?r P%ﬁlﬁ@}gg vent 1)8&11& | ] y% t r;léfaggﬁéfelrsl ar%urther, it is also

15tr|ethoxyV|nyIS|Iane vi nyl t ri met hoxysi | ane,

vi nyl tri sposside mmlh]éyygestitp@ﬁ@—based coupling agents and aluminum-based coupling
3-gl yci dyl oxypropyl (di met hoxy) net byl si | ane,

3- gl yci dykgetypr opyl t ri met hoxysi | ane,

di et hoxy(3-gl yci dyl oxypropyl ) met hyl si | ane,

3- (2- am npgganyl am no) pr opyl di met hoxynet hyl si | ane,

3- (2-am noet hyl ami no) propyl tri et hoxysi | ane,

203- (g am noet hyj %9111% 091'@5}1 bt ﬁ{gﬁjg:géﬁ%ve@ﬁﬁn low stress agents, antifoaming
3- am nopr opyl di et hoxyne hyIS| ane ani nopr opy trleth y5|?ane § am
?gpirgf)éla:)%%% %Egﬁ%ﬁ?}twﬁm} 3t§g$ r$éj% yi erlZ%YlO% El{hllbel 0%) i 0):18311% and the like
2- (3, 4-epoxycycl ohe ethyltrlnethoxy5|lane

(3- trlethéﬁyé?ﬂyp ﬁﬁ%ﬁé &bcyanate, (3-trinethoxysilyl)propyl
acrylate, (3- trlnethoxyS|IyI)propyI nmet hacryl at e,

25t ri et hok§048H, 1H, 2H, 2H-t ri decaf | uor o- n- oct yl si | ane,
2-cyanoet hyl tri et hoxysil ane, 23 di acet oxydi net hyl si | ane,

di et hoxydi met hy Resihaogpodiiomt dtaky picsait hywleatibmos, be produced, for example, by
di met hoxydi phenyl si | ane, di nmet hoxynet hyl phenyl si | ane,

hexyl {51 methoxMas HRN®mpdnead %M&\K/é@%}h%éﬁiﬂgqﬁgmlxture using a triple-roll mill,
n-octyltriethoxysi|lane, octadecyltriethoxysil ane,

oct adeoy! HIRAGUSILANG uoRE LA ethoxyst | ane,

tri acet oxynet trrethoxyet hyl silane, triethoxynethylsilane,

trimet hox @ﬁ@ hyl ) sil ane, trinethoxy(propyl)silane,
trinethoxi yl silane, and others. Further, it is also

A method by which semiconductor devices are produced using a resin
composition of the present invention can employ known methods. For example, a
20  commercially available die bonder is used for dispense-applying a resin composition of
the present invention to a predetermined site of lead frames, followed by mounting chips
and heat curing the resin composition. Then, wire bonding is carried out and transfer
molding is performed using an epoxy resin, thereby to produce semiconductor devices.
Alternatively, for example, a use method is also possible in which onto the rear surface of

25  achip, such as a flip chip BGA (Ball Grid Array) sealed with an under fill after flip chip



possible to optionally use titani um based coupling agents and

al um num based coupling agents. [0047] 10In resin conpositions of the
present invention, |ow stress agents, antifoam ng agents,

surfactants, various types of polyneri24tion inhibitors,

antioxi dapts,. and the |ike.can.be enplqyed,. if needed 0048 esi n
Conmosi 1 BHSIIES ATREN GPBBERHCT RyBR PO aRYF e i Sitresd ey eakanipr o
by 15pre-m xi ng the conponents, followed by kneading the m xture

usi ng a t PRghlsach as heafppreader and bdvde meynigds wuhcagcuiingas pdumeth [ 0049]
A nmet hod by which sem conductor devices are produced using a resin
conposi ti ffxanipledle present invention can enpl oy known net hods. For
exanpl e, a 20comercially avail able die bonder is used for

di spense- gEplyi ng a resin conposition of the present invention to a
predetermned site of |lead franes, followed by nmounting chips and

heat cyring th e?‘ié;@ﬁxiegmﬁ ﬂ%ﬂ?é}ﬁ @be JEAbed RO 9% '\AEP/E)Z 'Fé(%l?}ﬂl(eg Yhd

and transfer no g I's perfornmed using an epoxy resi

D, SR R e AL B L S RLATRLS 55r
such as a flip chip BGA (Ball Gid Array) sealed with an under fil
after fli ¢ 2ARpComparative Examples 1 to 6, resin compositions were obtained by blending the
raw materials described below at parts by weight indicated in Table 1, followed by
kneading and defoaming the resulting mixture using a triple-roll mill.
10 [0051]
{(Compounds (A))

Examples of the synthesis of maleimide derivates (A) (Al to A6) are described
below. Methods for their synthesis are not limited to the following methods, and can
employ various known methods.

15  [0052]
(Synthesis Example 1)
(Compound Al: Synthesis of n-Pentyl Maleimidoacetate)

In a separable flask equipped with a Dean-Stark trap, maleimidoacetic acid
(reagent grade) (31.0 g, 0.2 mol), p-toluenesulfonic acid (reagent grade) (5.2 g, 0.03 mol),

20 and toluene (reagent grade) (300 ml} were charged. Then, the mixture was stirred and
reacted under reduced pressure at 80°C for 1 hour with dropwise addition of n-pentanol
(reagent grade) (17.6 g, 0.2 mol). After the dropwise addition, the mixture was stirred
for another 4 hours for allowing the reaction to be continued. During the reaction, the

water formed was removed with the Dean-Stark trap. After the reaction, toluene (300

25  ml) was added and the mixture was washed three times with ion-exchanged water (100



bondi ng, a resin conposition of the present invention is dispensed
and a heat releasing part, such as heat spreader and lid, is nounted,
and heat curing is perforned. [Exanples] [0050] 5The present
invention will be described in detail Below by way of Exanples and
Conmparativ | es, but the present invention is not |limted
Chereto. T %ﬂ% B¢ oreapis nhag, (BBRH PR NS ARSI ECEd foregovilithe
conposi tions were obtained by blending the raw materials descri bed
bel ow at pawans byyevapirgien isield oneagoiatnT Pad laevaguun diyepiegvop-Hentadi ng
and defoam ng the resulting mxture using a triple-roll mll.

10[ 0051] (fetsipaivacsatéAdd.5 g). (YielExanpl®s dhetabensyof hekisidofcetic acid and
mal ei m de derivates (A) (Al to A6) are described bel ow. Methods for

their synhhRsisfiolk& netieh bYIGE nle@sdrBifedto! MAWhRGeRIAdentyand can
enpl oy various known net hods. 15[ 0052] (Synthesis Exanple 1)

( Conpound 3 i f R tyy ! | el a.Se abl e
fl ask %quF@%@gﬁ%ﬁ%ﬂgéw%ggﬁ?gfgﬁﬂ:%nggjﬁ%#ggﬁ?%gégggp%hgg?8'(?g%gent
grade) (31.0 g, Q.2 nol), t.ol uenesul f oni cid (reagent grade) (5.2
020503 mioliuih e Terd BT nEonrams AT00 ) vere charged.
Then, the m xture was stirred and reacted under reduced pressure at
80C for 1 hour W ¢empewsvi k&R laganellotensferonpavinmbrarpeeagenilgs ade)
(17.6 g, 0.2 nol). After the dropwi se addition, the m xture was
stirred f eraigitahhmralldyl lpoarpshavarg atdrbon signishedribasim oficdrboibatoms of R1 and
continued. During the reaction, the water forned was renoved with the
Dean- St ar R2tisgp. After the reaction, toluene (300 25m ) was added and
the m xture was washed three tinmes with ion-exchanged water (100

10 [0053]

(Material Values of Compound A1)
'H-NMR (400 MHz, DMSO0-d6): 6.9 ppm (2H, -CH=CH-); 4.0 ppm (2H, -CH,-COO-);
3.8 ppm (2H, -O-CH>-)
[0054]
15  (Synthesis Example 2)
(Compound A2: Synthesis of 2-Ethylbutyl Maleimidoacetate)
2-Ethylbutyl maleimidoacetate (47.3 g) was obtained in the same manner as in
Synthesis Example 1, except that in Synthesis Example 2, 2-ethylbutanol (reagent grade)
(20.0 g) was used instead of n-pentanol (17.6 g). (Yield: ca. 88%. The absence of
20 malemmidoacetic acid and 2-ethylbutanol was verified by GPC measurement. The
presence of 2-ethylbutyl maleimidoacetate was verified by 'H-NMR measurement using
DMSO-d6. This compound is referred to hereinafter as Compound A2).
In Compound A2, R1 is an alkylene group having 1 carbon atom, R21is a
branched alkyl group having 6 carbon atoms, and the sum of carbon atoms of R1 and R2

25 is7.



25 m). Then, the organic phase obtained was coll ected and subjected
to renoval of the toluene by evaporation using an evaporator and a
vacuum dryer to give n-pentyl mal ei m doacetate (43.5 g). (Yield: ca.
91% The absence of nal ei mi doacetic aci8 and n-pentanol was verified
by GPC ne r.ement. The presence of n-pentyl 5 mal ei m doacetate was
verified E@%fﬁ- NVR neasur enent using DMSO- d6. This conpound is
referred to hereinafter as Conpound Al). In Conpound Al, Rl is
an al kyl efdagriglyplpepaitempoasad B8h atom R2 is a straight chain al kyl
group having 5 carbon atons, and the sum of carbon atons of RI and R2

is 6. 10[ OGO5BYIR((NED dFHAIDMADUES: 6.0 pPonfldl) FAHACH-L M-(NMRn (A00-OHZCO0-);
DVBO- d6): 6.9 ppm (2H, -CH=CH); 4.0 ppm (2H, -CH2-000-); 3.8 ppm
(2H, - 0- ChiZ-gpni QAB4b-@H(-Pynt hesi s Exanpl e 2) (Conpound A2: Synthesis
of 2-Ethyl butyl Ml ei m doacet at e) 2- Et hyl but yl

mal ei r@do?@tﬁ te (47.3 g) was obtained in the sane manner as in

Synt hesi s aﬁpl e 1, except that in Synthesis Exanple 2,

2- et hyl buk@}?]%;ﬁsg%)%gl%?%%)grade) (20.0 g) was used instead of

n- pent ano eld: ca. 88% The absence of 20

mal ei m doacetic aci d and 2-ethyl butanol. was verified by GPC

neasur eneMtomneEdgyE sepbesis Pt pFeniy) Mslgiyrdacapieptsy doacet at e was
verified by 1H NVR neasurenent using DMSO d6. This compound is
referred to hereiPeafyl maleinidSonpoutn 4 P2) was obtained in tha s@oepoune: 382y R
is an al kyl ene group having | carbon atom R2 is a branched al kyl

g2;r59up7 havigglghésiﬁiﬂid’mp’le at exgept @ddnslbEnidodapedic eat inagal ermlep3 sHlg)ang R2
IS .
10 used instead of maleimidoacetic acid (31.0 g), which was used in Synthesis Example 1.
(Yield: ca. 86%. The absence of maleimidocaproic acid and n-pentanol was verified by
GPC measurement. The presence of n-pentyl maleimidocaproate was verified by
'H-NMR measurement using DMSO-d6.  This compound is referred to hereinafter as
Compound A3).
15 In Compound A3, R1 is a straight chain alkylene group having 5 carbon atoms,
R2 is a straight chain alkyl group having 5 carbon atoms, and the sum of carbon atoms of
R1 and R2 is 10.
[0057]
(Material Values of Compound A3)
20  'H-NMR (400 MHz, DMSO-d6): 6.9 ppm (2H, -CH=CH-); 2.3 ppm (2H, -CH,-COO-);
3.7 ppm (2H, -O-CH>-)
[0058]
(Synthesis Example 4)

(Compound A4: Synthesis of Ethyl Maleimidoacetate)

25 In a separable flask, glycine ethyl ester hydrochloride (reagent grade) (279 g, 2



[ 0055] (Material Values of Conpound A2) 1H NWVR (400 MHz, DWVBO- d6):
6.9 ppm (2H, -CH=CH); 4.0 ppm (2H, -CH2-000-); 3.8 ppm (2H, -0-CH2-)
5[0056] (Synthesis Exanple 3) (Conmpound A3: Synthesis of n-Pentyl

Mal ei m docapr oat e) n- Pentyl mal €7m docaproate (45.2 g) was
obtained in_the sa manner ntheS|s exce t hat
mal ei m doBXprBIenEEA dnte peg %%@@%ﬁ?%@“ﬁ@ﬁlo%@a P ﬁ?tl’éﬁ‘@lle

mal ei m doacetic acid (31.0 g), mhlch was used in Synthesis Exanple 1.
(Yi el d: cwas 8ddal dropsviabgesiGehats asdlution efvalsiconbydreded reagentrerpren { Hiéce.
was verified by GPC nmeasurement. The presence of n-pentyl

mal ei m dogapslpat ehasnhwdridé (69 Y, witiNbiRrimeas tooemenipersueg BSOE6.
This conmpound is referred to hereinafter as Conpound A3). 15In

Compound Adpwide ddlitfond §thﬁh§ Bas QE‘["i‘ieG oft oY aBAEeO ROR, HaMhOgksaItar bon
atoms, R2 is a straight chain alkyl group having 5 carbon atons, and

e o R B B oSO o My BT o0 sl Bl s
2.3 ppm ( grled %e pcr:gg}c)t obtalned%)ég é) tnethﬁamme (zeagent ngde) (404 g, 4 mol}, and

toluene (1200 ml) were charged into a separable flask equipped with a Dean-Stark trap.
Then, the mixture was subjected to reaction at 120°C for 2 hours with stirring. During
the reaction, the water formed was removed with the Dean-Stark trap.  After the

10 reaction, toluene (300 ml) was added and the mixture was washed three times with
ion-exchanged water. Then, the organic phase obtained was collected and subjected to
removal of the toluene by evaporation using an evaporator and a vacuum dryer to give
ethyl maleimidoacetate (165 g). (Yield: ca. 38%. The production of ethyl
maleimidoacetate was verified by GPC measurement. The presence of ethyl

15  maleimidoacetate was verified by 'H-NMR measurement using DMSO-d6.  This
compound is referred to hereinafter as Compound A4).

Note that in Compound A4, R1 is an alkylene group having 1 carbon atom, R2 is

a straight chain alkyl group having 2 carbon atoms, and the sum of carbon atoms of R1
and R2 is 3.

20 [0059]
(Material Values of Compound A4)
'H-NMR (400 MHz, DMSO0-d6): 6.9 ppm (2H, -CH=CH-); 4.0 ppm (2H, -CH,-CO0-);
3.8 ppm (2H, -O-CH,-)
[0060]

25  (Synthesis Example 5)



(Synt hesi s Exanpl e 4) (Conpound A4: Synthesis of Ethyl

Mal ei m doacetate) 25In a separable flask, glycine ethyl ester

hydr ochl ori de (reagent grade) (279 g, 2 27 nol) was m xed into
acetic anhydride (reagent grade) (800 @#). Then, to the mixture was

added dropw se ove hqur s sol utjon, of pal ei c_anhydride (reagent
gr ade) (18@@1’“@%%%@16’%8? F%‘%ﬁ%&/%%“{%%mﬁi ), wWith stirring at
roomtenperature. After the dropw se addition, stirring was canied
out for anot her tert-Beyk makgndidopectate 614.¢ Ehyasehteioepin the samamageirlae ot ed
by suction filtration, washed with ion-exchanged water, and dried.
The pr oduSynthbiiaEradple382xapt, thivtr teetthydnahiraeze(r gaden(8.7q)) ade usé¢didtegqd o
nol ), and toluene (1200 mM) were charged into a separable flask

equi pped Wigehitago a.r@-g;},t #hich t¥adRised RSt lfcdR BlaXipl E vyaﬁem@i go,edThe
or

reaction at 120C hours with stirring. During the reaction, the

wat er for . L0 - I

10r eacgti o@?o ﬁfé%%@%%&‘%% Qc\:&ggﬁgﬁgﬁ(}utgﬁﬁ %ﬁéfeﬁﬂﬁ(%%g}%vbﬁéga\%ﬁgeﬁ%e t
three ti wi th ion-exchapged. water. Then, the or ' hase

bt af ned A8 PSR S Bl SabiBRoR b RN Bf TENATR GrasRem gy
evapor ati on usi ng an evaporator and a vacuum dr%er to give ethyl

t nal ei ni d8sieeLAMeOdbes Tdys compoand is referreddoderpialipr ssdemmpaimddislet hyl
mal ei m doacetate was verified by GPC neasurenent. The presence of

et hyl 15 nal ei niNdoabsatiaiCGenymend 4b; Ri edarbalkdiehdyRupbasng émerbonaginmR?2 is
DMSO-d6. This conpound is referred to hereinafter as Conpound A4).

Not e t hat aibRanCheiglkifickrédh hdvlngd 5 cabo@bieylseAR] GEQWR JTaXHBE atbnayiRINand
atom R2 is a straight chain alkyl group having 2 carbon atons, and

the sygn ogyGgasbon atons of Rl and R2 is 3. 20[0059] (Material Values
of Compound A4) ' H-NWR (400 MHz, DVBO-d6): 6.9 ppm (2H, -CH=CH); 4.0
ppm ( 2H, -[&Jaqjcoo.); 3.8 ppm (2H, -0-CH2-) [0060]

{(Material Values of Compound A5)
"H-NMR (400 MHz, DMSO-d6): 6.9 ppm (2H, -CH=CH-); 4.1 ppm (2H, -CH,-COO-);
1.5 ppm (9H, -O-C(CHj)3)
15  [0062]
(Synthesis Example 6)
(Compound A6: Synthesis of 2-Ethylbutyl Maleimidobenzoate)
2-Ethylbutyl maleimidobenzoate (50.4 g) was obtained in the same manner as in
Synthesis Example 2, except that maleimidobenzoic acid (43.4 g) was used instead of
20  maleimidoacetic acid (31.0 g), which was used in Synthesis Example 2. (Yield: ca.
80%. The absence of maleimidobenzoic acid and 2-ethylbutanol was verified by GPC
measurement. The presence of 2-ethylbutyl maleimidobenzoate was verified by
'H-NMR measurement using DMSO-d6. This compound is referred to hereinafter as
Compound A6).

25 In Compound A6, R1 is a phenylene group which has an aromatic ring having 6



25(Synt hesi s Exanple 5) 28 (Conmpound A5: Synthesis of tert-Butyl
Mal ei m doacet at e) tert-Butyl mal ei m doacetate (35.0 g) was
obtained in the sane mariner as in Synthesis Exanple 1, except that
tert-butanol (reagent grade) (3.7 g) wd8 used instead of n-pentanol

(17.6 g), ich was_used in Synthesis ample I.. (Yield: ,ca. 83% The
5" abeense b PonAPBE nR AT B A SRIPTer TBG e A0S DR 1Eiohy
GPC neasurenent. The presence of tert-butyl nalei m doacetate was
verified earbanpivRofBduAddkeintl2usi ng DMSO d6. This conpound is
referred to hereinafter as Conpound A5). Not e that in Conpound
A5, Rl is[@63nl kyl ene group having 1 carbon atom R2 is a branched

al kyl group having 4 carbon atons, and the sum of carbon atons of RlL

and 10R2 ngméﬁﬂhﬁﬂﬁékftm%ﬁfmh@hﬁya|UeS of Conpound A5) 1H NMR (400
MHz, DMSO-d6): 6.9 ppm (2H, -CH=CH); 4.1 ppm (2H, -CH2-000-)I 1.5

St hett s SRR M TR0 Y S S P R 7 S BRI Al

mal ei m do nzoa&gl(gq;é 2) was obtained in the same manner as in
Synt hesi s Hple-2 "extépt that nal ei mi dobenzoic acid (43.4 g) was
used instead of 20nmal ei m doacetic acid (31.0 g), which was used in
Synt hesi s[¥%4hpl e 2. (Yield: ca.

(Bismaleimide Compound)
Compound B: a polyalkylene maleimidoacetic acid ester obtained by the reaction of

10 polytetramethylene glycol and maleimidized acetic acid (LUMICURE MIJA-200 having a
molecular weight of 580, manufactured by DIC Corporation, hereinafter referred to as
Compound B).

[0065]
(Compound having an allyl ester group)

15  Compound C: a diallyl ester compound obtained by the reaction of
cyclohexanedicarboxylic acid diallyl ester and propylene glycol (DA 101 having a
molecular weight of 1000, manufactured by Showa Denko K.K., hereinafter referred to
as Compound C).

[0066]

20  {Compound having a radical polymerizable functional group)

Compound D: polyethylene glycol di(meth)acrylate (LIGHT ESTER 4EG, manufactured
by Kyoeisha Chemical Co., Ltd., hereinafter referred to as Compound D).

[0067]

(Reactive Diluent)

25  Reactive Diluent: 2-methacryloyloxyethylsuccinic acid (LIGHT ESTER HOMS,



80% The absence of nual ei m dobenzoic acid and 2-ethyl but anol was
verified by GPC neasurenent. The presence of 2-ethyl butyl

mal ei m dobenzoate was verified by H NVR neasurenent using DVSO dé6.
This compound is referred to hereinaftéf as Conmpound AB). 25In

Conpound A6, Rl is .a phenylege gr i.ch has_.an.aromatic .rin .
v ng 6 3Bt PR e i Ber RSB B Foigith § R ctive
carbon atons, and the sum of carbon atons of Rl and R2 is 12. [0063]
(Mat eri al D¥gFfes of Conmpound A6) 5 ' H NMR (400 MHz, DMBO-d6): 7.5 -
8.0 ppm (4H, -C6H4-); 7.0 ppm (2H, -CH=CH); 3.8 ppm (2H, -0-CH2-)

[ 0064] (Bi&M&] ei m de Conpound) Conpound B: a pol yal kyl ene

mal ei m doacetic acid ester obtained by the reaction of

10pol yt et (lafRitdryl ene gl ycol and mal ei mi di zed acetic acid (LUM CURE
M A- 200 havi ng a nol ecul ar wei ght of 580, nmanufactured by DI C

o Por . ARl ] AOES 40 GomReLDR kORI Sty
obt ai ned %mﬁggtu%g(ﬁ%; NB@' (?(‘.];rporation, hereinafter simply referred to as Initiator).
[0069]
(Filler)
Filler: flaky silver powders having a mean particle size of 3 pm and a maxnmum particle
10 size of 20 um (in all Examples and Comparative Examples, the content of filler was set
to be 22% by volume)
[0070]
(Additives)
Besides the above-described compounds and filler, the following additives were
15  wused.
Coupling Agent 1: y-glycidylpropyltrimethoxysilane (KBM-403E, manufactured by
Shin-Etsu Chemical Co., Ltd., hereinafter referred to as Coupling Agent 1}
Coupling Agent 2: bis(timethoxysilylpropyl) tetrasulfide (CABRUS 4, manufactured by
DAISO CO., LTD., hereinafter referred to as Coupling Agent 2)
20 [0071]
(Evaluation Tests)
The evaluation tests described below were carried out for resin compositions
and semiconductor devices of Examples and Comparative Examples obtained as
described above. The results of the evaluation tests are shown in Table 1.

25 [0072]



cycl ohexanedi carboxylic acid diallyl ester and propyl ene glycol (DA
101 having a nol ecul ar wei ght of 1000, manufactured by Showa Denko
K. K., hereinafter referred to as Conpound C). [0066] 20 (Conpound
havi ng a radi cal polymerizable functioddl group) Conmpound D:

pol yet hyl ene gl ycol. di th)acrylate (LI GHT ESTER 4EG manuf act ured
by Kyoei sg\&a‘@g%‘%ﬁ‘éﬁ}m@g‘rﬁ Ltd., hereinafter referred to as Conpound
D). [0067] (Reactive Diluent) 25Reactive Diluent:

2- met hacr (Vagpiastyersngf SugieprdustardiayiqeR) GHT ESTER HUMS, 30

manuf actured by Kyoei sha Chem cal Co., Ltd., hereinafter sinply
referred to as Reactpmet, Binickehpdlladi@n §Bled dopben inor ja b&Rpali gad of § < 8
polynerization initiator: 1,1-di(tert-butyl peroxy)cycl ohexane

( PERHEXA G, smuhastogned uhy dNGaaSer pesiahing™, 4 RRFsqieRahd fanedi wakluéed, in
referred to as Initiator). [0069] (Filler) Filler: flaky silver

povdre hariat SrPERABEhld LS L 0h . A AOAce . B UK
of filler of 5 ensc%fjsutlﬁin%%eszlg.% 11113{}15 \églljp%gt?gnd semiconductor chips (5 * 5 mm; a thickness
of 350 pm) having an SiN layer on the surface were adhered with a resin composition of
each of Examples and Comparative Examples described above and subjected to curing of
the resin composition and adhering between the support and the chips in an oven at
10 175°C for 30 minutes. Subsequently, an epoxy resin composition for encapsulating
semiconductors (EME-G620, manufactured by Sumitomo Bakelite Co., Ltd.) was used
for encapsulation of a panel (50 mm x 50 mm) with a panel thickness of 750 um,
including the lead flame thickness, and post-mold curing was carried out at 175°C for 4
hours, followed by individualization with a dicing saw or the like to obtain
15 semiconductor devices for testing (84LQFN, a size of 10 x 10 mm, an encapsulation
resin thickness of 750 um). The warpage of such a to-be-tested semiconductor chip
after heating it at 260°C was defined as a warpage amount.
[0073]
(Warpage Determination Method)
20 The warpage amount as defined above was measured and calculated in the
following method.
Warpage amount: a temperature-variable, laser three-dimensional measurement apparatus
(LSI-150, manufactured by Hitachi Engineering & Services Co., Ltd.) was used to

determine the mean height of the four corners at the end HE and the height at the center

25  HC of a to-be-tested semiconductor chip mentioned above, which were used to define the



[0070] (Additives) Besides the above-described conpounds and filler,
the follow ng additives were 15used. Coupling Agent 1:

y-gl yci dyl propyl trimet hoxysil ane (KBM 403E, nmanufactured by Shin-Etsu
Chenmical Co., Ltd., hereinafter referréd to as Coupling Agent 1)

Coupl i ng Agent 2: bis(ti oxysj Lyl propyl) tetrasulfide S 4,
manof actuPaEaEg TBATSGS s Serars bsiielt fBAbbre espabebibige S &g fng
Agent 2) 20[0071] (Evaluation Tests) The evaluation tests descri bed
bel ow wer BUggi¢y sefug gbtainge bydomuladiposi ti ons and seni conduct or

devi ces of Exanples and Conparative Exanpl es obtai ned as descri bed
above. ThEommgallt waphge mmeowvtal dBt-iHD tests are shown in Table 1.
25[0072] 31 (Warpage Evaluation 1) (Manufacturing of Sem conduct or
Devi ces) [0074] As a support, a nickel-palladiumplated copper flane
(a die pad size of 8 x 8 nm a thickness of 220 p.m die pads of 4
col ums X AqHQM8 Pehg@pe panel) was used, in 5 which | CAPTON tape had
been attached on the rear surface for the prevention of oozing of an

T hycknoss of St bes R R Gk &R PRk AR Chelai Snhilegs2o e

adhered with a resin conposition of each of Exanples and Conparative
Exanpl es BRSEMBIFhIFNRUE AP % o BB stlisan eoinda fipgcss ok He Arekqma support (a

conposi tion and adheri ng between the support and the chips in an oven
at nickel-palladium plated copper flame), followed by curing the resin composition with a

curing temperature profile of 175°C and 15 minutes (at a temperature-rising rate of
10 5°C/min from 25°C to 175°C) and determining the thermal die shear strength under a
260°C circumstance. The strength obtained was employed as a value of adhesion
strength (unit: N/chip). In usual cases, adhesion strength which is equal to or more than
30 N would not cause detachment during wire bonding or during encapsulating.
Therefore, whether or not the adhesion strength exceeded 30 N was employed as a
15  criterion for judgment.
[0075]
(Workability)
An E-type viscometer (with a 3° corn) was used to measure the viscosity at 25°C
and at 2.5 rpm for a resin composition of each of Examples and Comparative Examples
20 immediately after its preparation. Viscosities ranging from 15 to 30 Pa-s were
considered “Pass”. The unit of viscosity is Pa-s.
[0076]
(Wire-Adhesion Strength)
A resin composition of each of Examples and Comparative Examples described

25  above was used to adhere a silicon chip having electrodes of a composition of



10175C for 30 m nutes. Subsequently, an epoxy resin conposition for
encapsul ati ng sem conductors (EME- G520, manufactured by Sum tono
Bakelite Co., Ltd.) was used for encapsul ation of a panel (50 mm x 50
nm with a panel thlckness of 750 pm ﬁﬁcludlng the lead flanme

t hi ckness mol d r|n s carrie 175C,for. 4 hau

ol Loved B TMRIRDT 4G 9 onaa el b Ba Gim el R hpRr e
15 sem conductor devices for testing (84LQFN, a size of 10 x 10 nm
an encaps® ndehwiresyas fitkeil sxHes ook andsobiagied torm Eengids i5alge Tothisigeth the
to- be-tested sem conductor chip after heating it at 260C was defi ned
as a war page veastuoiten WItABE windardhegen Bedngtlnivasduide e wvhiel Yetadibwnt

war page amount as defined above was nmeasured and cal culated in the

fol | owi ngopmiRadt tN4LRAGE bR the Rirk QAP Sedont Bre\pal valeh he WsQHhesion
t hr ee- di nensi onal neasur enent apparatus (LSI- 150, nanufactured by

Hi t achj Eﬁ&l@?&h&ﬂlﬁ@ﬁi0§%{wﬂ%)’%% htﬂb% l\ll_\ﬁg gqu“;so determ ne the

mean hei ght our corners”at e en he helght at the
center

e o B g s TR R S M s e B BB @R e

bet ween the above-descri bed HE and HC, that is, a nunerijcal value
obt ai ned ByDFgFken al a jynstipn s ebseregdaid8%0ronie o aflthe jupgtiqng dl7ajure).
5( Adhesi on Strength)

[0077]

(Reflow Heat Resistance)

10 As a support, a nickel-palladium plated copper flame (a die pad size of 8 x 8
mm, a thickness of 220 um, die pads of 4 columns X 4 rows per one panel) was used, in
which KAPTON tape had been attached on the rear surface for the prevention of oozing
of an encapsulating resin.  This support and semiconductor chips (5 x 5 mm; a thickness
of 350 um) having an SiN layer on the surface were adhered with a resin composition of

15  each of Examples and Comparative Examples described above and subjected to curing of
the resin composition and adhering between the support and the chips in an oven at
175°C for 30 minutes. Subsequently, an epoxy resin composition for encapsulating
semiconductors (EME-G 620, manufactured by Sumitomo Bakelite Co., Ltd.) was used
for encapsulation of a panel (50 mm x 50 mm) with a panel thickness of 750 pum,

20  including the lead flame thickness, and post-mold curing was carried out at 175°C for 4
hours, followed by individualization with a dicing saw or the like to obtain
semiconductor devices for testing (84LQFN, a size of 10 x 10 mm, an encapsulation
resin thickness of 750 um). These semiconductor chips for testing were subjected to
water absorption treatment for 120 hours under a condition of 60°C and a 60% relative

25  humidity, followed by an IR reflow treatment (260°C, 10 seconds, three runs).



A resin conposition of each of Exanpl es and Conparative Exanpl es
descri bed above was used to mount a 5 x 5 mmsilicon chip (a

t hi ckness of 525 Am on a support (a nickel-palladium plated copper
flane), followed by curing the resin céffposition with a curing

tenperatu rofid e, of C and 15 at ate maune in
are or 18R A iifso ket s sHEHERab Hon s RE PRise o pgt
shear strength under a 260C circunstance. The strength obtai ned was
enpl oyed &¥23spgRRSlEFOBGReINg AISPMERGIANTINTIOR-CYebRYiH) Perpent defggment
cases, adhesion strength which is equal to or nore than 30 N woul d
not causeamaiaﬁhﬁﬁhmlﬂ%%mn@gmonédb@ddeg?or during encapsul ati ng.
Theref ore, whether or not the adhesion strength exceeded 30 N was
enpl oyed g®78]15criterion for judgnent. [0075] (Workability)

An E-type visconeter (with a 3 corn) was used to nmeasure the
viscosity at 25C and at 2.5 rpmfor a resin conposition of each of
Exanpl es and Conparative Exanpl es 20i medi ately after its
preparation. Viscosities ranging from 15 to 30 Pa.s were considered
"Pass". The unit of viscosity is Pa. s. [0076] (W re-Adhesion
Strengt h) A resin conposition of each of Exanpl es and
Conpar ati ve Exanpl es descri bed 25above was used to adhere a silicon
chip having el ectrodes of a conposition of 33 Al-1%5i-0.5%Cu to an
Ag-pl ated, 42-alloy lead frane, followed by Au-w re bondi ng.



A bonded wire was fitted with a hook and subjected to a tensile test.
In this test, the wire was broken when t hew re-adhesion strength was
sufficient, while detachnent occurredﬂsat the junction between the
wire and the bondi ng pad when the wir&?adhesi on 5strength was

insufficient. e[synbjol § 1In [Tapl ¢ 1 are|ag flol | ows.| P Detiachnment| at
a junction wgs pbs&rived at Iﬁzs T:h&n $10% of gal% thes lidinc io? gpass).
F: Detachnent| af a~jlunict { or s| observed| at| “10% of nore 6f ttheg
junctions (Failpre) [ [00V7] (Reftow Heat | Resistance)| I0AS a supporit,
a ni ckel - pal l{adj uniZpl at ed gopper fidre| (& civezg)ad si|ze| of» 8 X|8 | a
t hi ckness of [220 gm| dj e| pads “0f 47gST umis |X 4 (Bws |per one| panel )
was used, in \Pg:l cirKAPTON-trape Tag—een—attrachet—ontherear—sunfdce
for the preverd|on=af pozing. |of anger&g:apf;ula{itmgqre)sinn Fhils, sdppoart
and semi condugfpr [Ehips (5(X |5 hm =d°thi cknésis® oF 1350 gn)” hav| Ag an
Si N | ayer on the—strfacerwere—aghered—mithra—resti—eenpoesttofi—¢f—15
each of Exanpl®es amd Conparnat|i ve kExdrp| es-desicy | hed iabpve and| s
subj ected to \cGhFTng of| the|resin ¢onpdsi {icqe End=adhét | ng bt weeh [t he
support and t@ chips jnlan gvep.at.lZ6CHfar 30 minutes.
Subsequently,| ap epaxy| resin \copposiitipn|far, encapsul.ating -
sem conduct or|s (EME-G 620, |manuf a¢EUred by |Sundtono |Bakel t g 0. ™
Ltd.) was used for enciapsuliation of |a panell (50 mnx 50 nm t 1
panel thickngss| of ,150/ g |20i ncl ydijng| t he || elad) f lame thi ckness, and
post - ol d curli ng~was cartied jouf ati |E/BC|f qrs Yo hguks|,~ f ol ol dny-
i ndi vidual i zati pn|wi|t h| a|di[ciing|saw |or|the |like|ta abtain
sem conduct or| devices for testing|(84LQFN, |a isize |ofl 10 x 10 nm| an
encapsul ation resim |thi ck@ess| of 750 Jpdi| THes®|Seifi cohd&ct px | Thirps
for testing were subjected]|tg water iabsot ptiion treatjnept for 12C
hours under g cpndi tiion 6f |60C and a 6D%rel ative i25hum dity,
fol lowed by an |R|Fgfd bw treat ment] Y|ZB0E, 1@ seepnas, =1 hgeel « Ufg )k
34 Packages after |[these treatiments were subjected|to measur enent| flor
percent detachgrenty grep usijng ap yl tjrasomi g tEs{inNg equi pmept
(transm ssion-fFypelR| W thepericent @etga:hrrentg Siides e | e85 L hak |10
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35 36 [Industrial Applicability] [0079] The resin
conpositions of the present invention can inpart an excellent
reliability to sem conductor devices, in that they result in smal

war page of seni conductor devices, excePBPent interfacial adhesion, and

no occurr e of failur. such as cracks, also under circunstances at
hi gh tenpgggPﬁ?ééwﬁﬁ?ﬁﬁgadeflomﬁng. 37 [CLAIMS] [Claim1] A resin
conposition conprising: a nmaleimde derivative (A represented by a
general fol¥iPh (1): R1

The resin compositions of the present invention can impart an excellent
reliability to semiconductor devices, in that they result in small warpage of
semiconductor devices, excellent interfacial adhesion, and no occurrence of failures such

as cracks, also under circumstances at high temperatures during reflowing.



OR2 (1) a wherein Rl represents a straight chain or branched
al kyl ene group having 1 or nore carbon atons, R2 represents a
straight chain or branched al kyl group having 5 or nore carbon atons,
and the sum of carbon atons of RL and R2 is 10 or less; and a

bi s- mal ei&?lgrjﬁn\%gfpound (B) represented by a general forrmula (2):

CH- COCO- -000-R4 - (X1-R4)m 000-R3-N1(2) CH COCO CH wherein
X1 represents -0-, -000-, or -0000-, R3 represents a straight chain
or branchEda@m kl| ene group having 1 to 5 carbon atoms, R4 represents
a straight chain or branched al kyl ene group having 3 to 6 carbon
atonms, and in iAresm covbpgeronodonipromgiore and 50 or less. 38 [Claim
2] The resin conposition according to claim1l, further

conprising an a.ihmiehﬁﬁeererigﬁ@eqm@qiraéemeagayfa%&aempd)rﬁ@a(1P:CJ ai m 3]
The resin conposition according to claim 2, erein the allyl ester
group-cont ai ni ng conpound (C) has an aliphatic ring. [C aim4]

O
R1 O
N \RZ (1)
\ k I
O

wherein R1 represents a straight chain or branched alkylene group having 1 or more
carbon atoms, R2 represents a straight chain or branched alkyl group having 5 or more
carbon atoms, and the sum of carbon atoms of R1 and R2 is 10 or less; and

a bis-maleimide compound (B) represented by a general formula (2):

CH—CO CO—CH
\ /
/N—R3—COO—R4 ~(X1~R¥)m- 0CO— R3—N\ (2)
CH—CO CO—CH

wherein X1 represents -O-, -COO-, or -OCOO-, R3 represents a straight chain or
branched alkylene group having 1 to 5 carbon atoms, R4 represents a straight chain or
branched alkylene group having 3 to 6 carbon atoms, and m is an integer of 1 or more

and 50 or less.



The resin conposition according to claim3, wherein the conpound C

has a functional group represented by a general fornula (3): wherein
FtL represents a straight chain or branched al kyl group having 1 to
10 carbon atons. [C aim5] The resin céfiposition according to claim

1, furthe[ congiising afiller. [Caim6] A sem conduct or
devi ce wh %ﬁiﬂ been produced using the resin conposition according
to claim1.

The resin composition according to claim 1, further comprising an allyl ester

group-containing compound (C).
[Claim 3]
The resin composition according to claim 2, wherein the allyl ester
group-containing compound (C) has an aliphatic ring.
[Claim 4]
The resin composition according to claim 3, wherein the compound C has a

functional group represented by a general formula (3):

CH,=C—CH,—0—C c—0— (&

| | |
R 0 0

wherein R' represents a straight chain or branched alkyl group having 1 to 10 carbon

atoms.
[Claim 5]
The resin composition according to claim 1, further comprising a filler.

[Claim 6]

A semiconductor device which has been produced using the resin composition

according to claim 1.



