SPECIFICATION TITLE OF THE INVENTION INCLUSION COMPLEX
CONTAINING EPDXY RESIN COMPOSITION FOR SEMICONDUCTOR
ENCAPSULATION 10001] The present invention relates to an epoxy
resin composition for sealing a semiconductor, wherein a clathrate
complex is used as a curing agent and/or curing accelerator. Background
Art [0002] Epoxy resin compositions comprising epoxy resin, curing agent,
curing accelerator and other additigs-ge, LS a sealant of
semiconductor devices or electrical parts such as transistor, IC, LSI,
etc.Conventionally, amine compounds or imidazole compounds, etc. were
used as curing agent or curi r ile there were problems for
the st%ra#fe stability of epoxg%%%%i%rﬁtggﬂs%&%ggg@&ﬂy, in order to
improve the SIoFJePaibiity CoREE BeureprRpse dHRLISe 2elaibER R o rog
complex comprising imidggﬂ%g SXols amine compounds as guest
compounds and 1,1',2,2'-tetrakis(4-hy roxypﬁmﬁgﬁ %s host, as
curing accelerator (see patent document 1). However, when
1,1 32x1strakis(4-hydroxyphenyl)ethane includes imidazole compounds
or amine compounds, the storage stability of sealant at normal

" - . .
temperaturé*€anbesiaprovethoempaced with when thege c&mpgg%& are .o

£

used alpne; 1r;ig.combination, while it was not sufficient to satisfy
sealant composition wit ressﬁiéac 16 fine BpeESBi somidtHductorswilichin  a

I\’]lascplréﬁF@”saé_”e@ signifitently. s t@g&ﬂt&@a&s.&@qqg]fagssggggg%rg%% 1.? sring

apgggggéﬁq-oq,qen Patent Application No. 2004-307545 Disclosure o

the Invention Object to be solved by the Invention [0004] The object

of the present invention is to improve the storage stability of a sealant, to

retain the flowability of the sealant when sealing, and to achieve an

efficient curing rate of the seala%ﬁ%@gﬁé‘élﬁﬁg t&°Be applicable as a sealant

fof Béfiédte semiconductors. Means to solve the Object [0005]  The

present j &%orsrrgggg a keen study to solve the above objects, and

found out thaf the above ob[EtHS E&it B SolveByuibiniga clathrate  resin

;é’r%ﬁfé;gcomgn@ng atileiasy aa@‘g@q@&%bo&ggc ggg&q:omdp?oéjin%i ;c}_nd are
Qg}@&da&gle cogne%%lénd, as a curing agent and/or curing accelerator

epoxy resin. The presgﬁt iﬁ&erﬁi%‘ﬁ%ﬁé@ﬁ%s@){ﬁplﬂeob@@&]ctxica 1

Speeiicalydhe present disclegiyre relates;io;[1] an epoxy resin

cgmgl%sitg%n forusne Iin%g semiconductor z%%fp'risi%%cthe fo(fl%z\}v‘fﬁﬁtmnalli"

component“ZRS) andco p&d‘é”rf%"(‘%?%&) &nEpoxpdesin oB).a elathvaigsea aq

corpies caraprisingdb]) aaiemati ic_acid compound, and (b2)

ahleastone iny'ggzolg 1r(l:ompourrlégl repfe@éggé%%)% formu éﬂ(ﬁ') there were

e storage stability of epoOXy resin

o - .
ompositions. Recently, in order +o improve the storage

stability, it has been proposed to use a clathrate complex
comprising imidazole compounds or amine compounds as guest

compounds  and 1,1’,2,2’*tetrakis(4whydroxyphenyi)ethane as

host, as curing accelerator (see patent document 1)

H
owever, when 1,1’,2,2’mtetrakis(4-hydroxyphenyl)ethane

in tmi
cludes imidazole compounds or amine compounds the

storage stability of sealant at normal temperature can be

improved compared with when these compounds are used alone



(wherein R2 represents a hydrogen atom, 01-010 alkyl group, phenyl

group, benzyl group or cyanoethyl group; R3 to R5 represent a hydrogen
atom, nitro group, halogen atom, Cl020 alkyl group, phenyl group, benzyl
group, hydroxymethyl group or CI-C20 acyl group). [0007] Further, the
present disclosure relates to: [2] a solid epoxy resin composition for

sealing a semiconductor comprising the following components (A) to (C):
(Apan BpokyResiE(BYa clathifate cdinplee catfprisitg (BN itaromatic L 15y
caphoylie acid compoun A (b2) Atleast gap Juidagole GOMPOUMl s o
represented by formula (Il) (wherein R2 represents a hydrogen atom,
Clseta ety wrboups phiehghgioup, hereyt group GleydricetAytgiodp: drebent
R3 to R5 represent a hydrogen atom, nitro group, halogen atom, C1-C20
allyy?ag%up, phenyl group, benzyl group,
hytlwaxyrethylgrouporCIl-C20acylgroup) (C) an inorganic filler. [0008]

Further, the_present disclosure relates to; the epoxy resin composition
e o o e it el RO o bl e
(Wed tstaxompoeund represented by formula (I-1) (It 0,2! WOH),1
(wherein nl represents any integer of 1 to 4, n2 represents any integer of O
to 4; HI represents a C1-6 alkyl group, nitro group, or hydroxy group); or
by formula (I-2) (Iz )mh{cQQE)R (k2) tnhereimamt represents any
integer of 1 to 4; m2 represents any integer of 0 to 2; PI/ represents C1-6
alikt Hi6tip ERitfS gRSUY, 1y didxy dFodd: 64 E8Fhpound represented by
the deltnwwing formula --7-(COOFIK (wherein g represents an integer of 1
or 2; * shows a binding position). [4] the epoxy resin composition
accordingee[ 178 21k vitferEitPthe-Sstidtic BAHOKYRE atitl EOmMPBRIYGs the
(bD s at dpast ops:selegteddram thageaup, consisting=als.5the £lowability
dihydroxybenzoic acid, isophthalic acid, terephthalic acid, 5-t-butyl
isEPhti&If 5@ 18 Hitr$186BhtA&R AR 5§H§dr652yi§6§}‘?tﬁ§ﬁc gpjgetiicient
trimellitic acid  rinesicacid. pyramelite geide 26 nephthalgpgi icable as a
dicarboxylic acid, 1,4- naphthalene dicarboxylic acidand : ‘
betephefiofie deldieaio s BerP A5 tR& &poxy resin composition
according to any one of [1] to [4], wherein the clathrate complex of (B) is a
clathrate complex of (bl1) at least one aromatic carboxylic acid compound
seleged figm 2résfrotipecdiRistifng of 3,5-dihydroxybenzoic acid,
isc%m)tggljc acid,terephthalic acid, 5-t-butyl isophthalic acid, _
5-nitroisophthalic acid, 5- hydroxyisophthalic acid, trimellitic acid, trimesic
acid, pyr8hrellpiecaciat 2 Baigpiibafefecdieabokfiiadidrdy- to solve the
n%&%‘% glicarboxylia acid.and bgrzephenongs4 AsdicaiomlicAcidn ve
and (b2) at least one imidazole compound selected from the
greapredsidingof2ndethyliidhzole 2-etyirhesmeaipiniidazgleat least an
2-U”d%%&'%'dgé%%gwi%pgsma'-%-mgm&é-%%mﬁmga@fg%m ound,
[O&gga Ina first’aspect, the present invention provides a method for
seating acsermcprdiEstor bydiSing aneboxyaesnlesmpositioh eomvpyisirgin.
the; following component,(A), and.companent (B, (4 an RQXY "By eted.
[0006]

Specifically, the present disclosure relates to:
[1] an epoxy resin composition for sealing a semiconductor

comprising the following component {(A) and component (B)

{({A) an epoxy resin



(B) a clathrate complex comprising (ol) an aromatic carboxylic acid
compound represented by formula (I-1) (wherein nl represents any
integer of 1 to 4; n2 represents any integer of 0 to 4; R1 represents a 01-6
alkyl group, nitro group, or hydroxy group); or formula (1-2) (wherein mi
represents any integer of 1 to 4; m2 represents any integer of O to 2; BF
represents 0I-6 alkyl grou_p', nitro group, hydro?<y group, or a compound
rep{%ﬁegteglg tge g%llocyg}%lﬁglfgrméjga wkierem q reprgsgnts an integer of
2, *shows m%lng PoS |on3{, ana@(l))r at feast one imidazole
compmmﬁlnreﬁrzsamted tamimrcmliyiai(&)il?(ﬂiiﬁ- ‘cﬁ;ﬁ;ﬂt‘;ﬁi’aﬁ?zl é,w:herebin R2I
represents a rogen atom, CI-C10 alkyl group, phenyl group, benz
rOUOr E)anBETHy| GRoup RATE TR rEPIRLEE S fyArBOSA S, Hrbo sl
group; halogen atom, CIC20 alkyl group, phenyl group, benzyl group,
hydroxymethyl group or CI-C20 acyl group). [0008b] In a second
aspect, the present invention provides a method for sealing a
semiconducdter by ustpg a solid epoxy resin composition for sealing a
semiconductMprising the following components (A) to (C): (A) an
epoxy resin (B) a clathrate complex,comprising (bl) an aromatic
carboxylic aé‘lﬁﬁz‘o«—%‘omd represen@ by formula (I-1) (wherein nl
represents any integer of 1 to 4; n2 represents any integer of 0 to 4; R1
represents a C1=6 alkyl group, nitro group, or hydroxy group); or formula
(I-2) (wherein ml represents any integer of 1 to 4, m2 represents any
integer of O to 2; Rn represents 01-6 alkyl group, nitro group, hydroxy
gréﬂ’&%@é%oﬁap@@ﬁé‘@éﬁfé’éérﬁe@ﬁ@#ﬁé%lI(?WFPT@fcﬁﬁ%ﬁC‘ tdheteignpup .,
reRiesepls AL IIG0en AL 0f 2GS A DlRgUgRAsIoN); apd 02kat ¢o g,
east one imidazole compound represented By formula (1)~ (wherein R2
reprasedtsathyarégsiratsm, GEQL0 alfingrogropimenyhgiowsrberizyh, CL-
gr 0 0 ro R 5r t drog tom, nitr,
E%%%, éﬁé%%‘—?é’#’%%&E&iﬁkﬁﬁ&%b,jﬁ%ﬁ%%?ggﬁé%énz .%—*ﬁ?,gre&ﬂ
yetroyarmethyl ir6ap oz 2@@ayb group); and (C) an inorganic filler.
[0 Further, in a third aspect the present invention provides: [6] a
clathrate’complex comprising at least one selected from the group
consistingaf#imesic acid, ;;Be@tttha}léﬂelﬁtﬂrb@xwmh@itﬁs to: .
1,4- phthalggﬁjgécarbo%lc acmle and benzo§ggggrile-4,4';fd|carboxg(/]!l:cng a

joyel resin O 1 iy 2
acli ;andaat I8ast one imidazole compound r presen?ed by formdia

semiconductor comprising the following components (A} to
(cy: |

(A) an epoxy resin

{B} a clathrate complex comprising

{bl} an aromatic carboxyiic acid compound; and

(b2} at least one imidazole compouné represented by formula

(1L}



wherein F2 represents a hydrogen atom, CI-C10 alkyl group, phenyl

group, benzyl group or cyanoethyl group; R3 to R5 represent a hydrogen
atom, nitro group, halogen atom, CI- C20 alkyl group, phenyl group,

benzyl group, hydroxymethyl group or CI-C20 acyl group). Best Mode of
Carrying Out the Invention [0010] The epoxy resin compositionfor sealing

a semiconductor of the present invention is not particularly limited as long

as it comprises (A) an epoxy resin; and (B) a clathrate complex

comprising ¢bl) an afematic carboxylic acid compound, and (b2) at least

one imidazole pound represented by formula (I) (wherein, R2
represents a hydrogen atom, CI-C F\jlkyl group, phenyl group, benzyl
group or cyano\jhy gréup; R3 to R5 répresent a hydrogen atom, nitro
group, halogen atom, CIC20 alkyl group, phenyl group, benzyl group,
hydroxymethyl dgtoup or CI-C20 acyl group). [0011] As an epoxy resin of
component(A), various conventionally-known polyepoxy compounds can

be L8k el Exanwiles Secltde saforiany glycididethef torpourideysuciroup,
By donmtendopane gl I IElRlne ey agowp. ena ks to

- bis(4-hydroxy3,5-dibromophenyl)propane diglycidylether, bis
hy8roxyphermdyethanetdiglycidylethetpis(41itre group. halogen atom,
hydro enylmethanediglycidylether,resorcingl
dig%é?gggtheégﬁ%qf]oglu%%o ﬁi’glycig)?/’]%%%?, trityaroRy biphemyii~ — FEoUE.
trigly cidytether, tetraglycigybbenzophemone, bisregercinol acyl group}
tetraglycidylether, tetra e%l bisphenol A diglycidylether, bisphenol C
d|g®%id?)fétﬁgﬁ%qgﬁﬁecnollhefaﬁlhoropropane diglycidylether, 1,3-bis[1-
(2,3repoxypropaxy)-1-trifluoromethy1-2,2,2-
trifluoroethyllbenzene,1,4-bis[1-(2,3-epox ropax&:l- lates to:
trifluorometRYES B3 triffddFomE R/ ABEN pQEure rela |
big(213-epexypropgxyyestatiuemmpipbenyhphenebiavelac-t &ypeibisepoxya
compound, etc.; alicyclic polyepoxy compounds such as alicyclic ]
diEPSH R A 81 ARIed & o HA B BE, A c A diE PRy e D oRTIate L) 15
viyigyelaohexere cigxgdeatowiyolystyl:ester compounds such as
diglycidyl phthalate, diglycidyl tetrahydrophtalate, diglycidyl

hexahydroohtalate, dimethyl glycidylphtalate, dimethyl glycidyl
hexabydrophtatate; dighcidyl-p-oxybenzoate, diglycidyl

cyclg Eh{ane- 3-dicarboxyiriey dimeragid glycidylester, etc.; glycidyl
amine comn ds-suckras diglyc‘idylaniline, diglycidyitoluidine,

triglycidylaminophenol, tetraglycidyl diaminodiphenylmethane, diglycidyl
tribromoaniline, etc.; and heterocyclic epoxy compounds such as

CGHRRE R SHhoRS QISR Bt aIARTa oM, tocidyl epresents
isgeyanitateysic.d8032]co  sComponeptiRkistaotparicary iimitedAs,uyp
long as it is a clathrate complex comprising at least an aromatic carboxylic
adid 'EoMn IS -artF aRYAHIAE018%d¥RIGuNd represented by formula (I1)
NN 2NALZHR (hereis R2 represents a hydrogen atom, CI-C10 alkyl
group, phenyl group, benzyl group or cyanoethyl group. R3 to R5

represent a hmg%en atom, nitro group, halogen atom, CIC20 alkyl group,
pher?{h?r_o_p, b@_n__g!:g[ﬁblp, hydr(Q_?/methyl group or CI-C20 acyl group),
and it H&y &Qzlny a thirtt component such as a solvent, etc.

Herein, a "clattrate complex” relates to a compound wherein 2-or more
malgeyles are paund-via g band ather than.a.coyalent bopd. More. o ¢ ot
preferably, it is a crystalline compound wherein 2 or more molecules are
bebisd At adsonddther thard a Eovaledit ek TheCdompauidrio @rctude is
cal m SL&}% ompaound ' i lled
g%é%%?oir]r%qgébﬁhgd. : U rthe}r%;s]edlgfgc%lr% 'enBc% rﬁ pggé%%)%%ﬁg% %%i%rﬁegﬁt%oﬁgd
clathrate complex. [0013]

4



The ratio of the above-mentioned aromatic carboxylic acid compound and
the imidazole compound is not particularly limited as long as it can form a
clathrate complex. However, it is preferred that the imidazole compound is
0.1 to 5.0 mol with respect to 1 mol of the aromatic carboxylic acid
compound, and more preferably 0.5 to 4.0 mol. When a third
component is contained, it is preferred that the third component is 40
mol% or less with respect to the total amount of the composition, more
pret&rdifty 107 Y of OFSE Particularly, it is most preferred that the third
componefit is not contained. [0014] The aromatic carboxylic acid
compounidl is not particularly limited, and the following can be exemplified:
beng%,ée@ 2-methylbenzoic acid, 3-methylbenzoic acid,

4-méthylbenzpic a,gj_dﬁ%@mﬂbenzoic acid, 3- ethylbenzoic acid,
4-ethylbenzoit_acid,.2-n-propylbenzoic acid, 3-n-propylbenzoic acid,
4-n-propylbenzoi€ acid, 2- butylbenzoic acid, 3-butylbenzoic acid,

4-hutylbenzoic acid,2:isapronyl bepzeit.acidr 3:isgpropyl bepzgiesacid, 4-
isopropy! benzoic acid, 2-isobutyl benzoic acid, 3-isobutyl benzoic acid,
Ahsoiityd ersAdié aeid, 2-hydroxybenzoic acid, 3-hydroxybenzoic acid,
4-hydroxybenzaie acid, 2- nitrahenzoie acid, 3itrobengoicarids 1 o 121,
4-nitrobenzoic acid, methyl-2-nitrobenzoate, methy1-3-nitrobenzoate,
metleyB-in rifreberrzombl etinashpitiobehZoaiel apyrginfircdenzZoblels at
ethyl:4-nifrobenzante, propyl-2:nittghenzoale, pragykdse ing of  3,5-
p g

nltro%enzoate,propy1-4-n|trobenzoate,buty1-2- nitrobenzoate,
bétiiy8nitrgbenzedte, baiyl-4imirphehadate, 2:3-dimednabéirgitacidacia,
2,4-dimet Rbenzoic aﬁg 2,5- dimegpylbgnlzl i&%cj{g T@:gi %tgylgg%oic

o 4 nendise | . O DDHT . 5=
agﬁd,qggﬁp |metfﬁgd/?LBen20|cl§C|d?§f“5-d|methy9fben20|c%am %16
dinyethytbenyaic: abid] 4c5-dimnéthylbenreiclddid o4, 6cdimethylbeazdic acid,
agel S plistbylpenzols 2oyl 2 dx Ry PaNEoleAdd B2 PRS0S4
naphthalene dicarboxylic acid ang benzophenone-4,4" -
dicarboxylic acid;
5] the epoxy resin composition according to any one of
11 to [4]1, wherein the clathrate complex of (B} is a
clathrate complex of
(b1} at Jleast one aromatic carboxylic acid compound
selected from the group consisting of 3, 5-dihydroxvhanzoic
acid, isaphthalic acid, terephthalic acid, 5-t-butyl
isophthalic acid, 5-nitroisophthalic acld, 5w
hydroxyisophthalic acid, trimellitic acid, trimesic acid,
pyromellitic acid, 2,6-naphthalene dicarboxylic acid, 1,4-
naphthalene dicarboxylic acid and baenzophenone-~-4 ,47 ~
dlcarboxylic acid; and

(b2} at least one imidazole compound selected from the

group consisting of Z2-methyiimidazole, 2-athyl-4-



diethylbenzoic acid, 3,4-diethylbenzoic acid, 3,5- diethylbenzoic acid,
3,6-diethylbenzoic acid, 4,5- diethylbenzoic acid, 4,6-diethylbenzoic acid,
2,3- dihydroxybenzoic acid, 2,4-dihydroxybenzoic acid, 2,5-
dihydroxybenzoic acid, 2,6-dihydroxybenzoic acid, 3,4- dihydroxybenzoic
acid, 3,5-dihydroxybenzoic acid, 3,6- dihydroxybenzoic dihydroxybenzoic
acid, acidv 4,5-dihydroxybenzoic acid, 4,6- [0015]

methylimidazole, Z-undecylimidazole and Z2-phenyl-4-methyl-
S5-hydroxymethylimidazole.
[0008a1

In a first aspect, the present invention provides a
method for sealing a semiconductor by using an epoxy resin
composition comprising the following component (A)  and
componant (B} :
(A} an epoxy resin
(B} a clathrate complex comprising
(bl) an aromatic carboxylic acid compound represented by

formula (I-1)

(M,ﬁ"“é‘gwwﬁm o
HCOOH),, (1)
\\\ﬁﬂ?k“\§§§

(wherein nl represents any integer of 1 to 4; n2 represents
any integer of 0 toc 4; R: represents a Cl-6 alkyl group,

Y

nitro group, or hydroxy group); or formula {(I-2)

(Ry}.5 {l T CO0H) (123
\\\555

(wherein ml represents any integer of 1 to 4; m2 represents
any 1nteger of 0 to 2; Rpi represents Cl-6 alkyl group,
nitro group, hydroxy group, or a compound represented by

the following formula



phthalic acid, 3-methylphthalic acid, 4- methylphthalic acid,
5-methylphthalic acid, 6- methylphthalic acid, 3-ethylphtnalic acid,
4-ethylphthalic acid, 5-ethylphthalic acid, 6-ethylphthalic acid, 3-n-
propylphthalicacid,4-n-propylphthalicacid,5-n-
propylphthalicacid,6-n-propylphthalicacid,3-
butylphthalicacid,4-butylphthalicacid,5-butylphthalic
acid,6-butylphthalicacid,3-isopropylphttalicacid, isopropylphthalicacid t
5-isopropylghthalicacid, 4- 6- isopropylphthalic acid 3-isobutylphthalic
acid, 4- ISOE tylphthalic isobutylphthalic hydroxyphthalic acid, acid, acid,
5-isobutyiphthalic 3- hycit&\phthallc 5-hydroxyphthalic acid_ acid, acid, 6-

6- hyaelroxyphthalm
;3 T Wfiwi)(}iﬁ}q

i3

: o,
,.w"

‘“\ "j::'

T

(wherein g represents an integer of 1 or 2; *shows a
binding position), and
{(bZ) at least one imidazole compound represented by formula

(IT)

{wherein R, represents a hydrogen atom, C1-C10 alkyl group,
phenyl group, benzyl group or cyancethyl group; Rs to Rs
represent a hydrogen atom, nitro group, halogen atom, Cl-
C20 alkyl group, phenyl group, benzyl group, hydroxymethyl
group or C1-C20 acyl group).

[0008b]

In a seccnd aspect, the present invention provides a
method for sealing a semiconductor by using a solid epoxy
resin composition for sealing a seniconductor comprising
the following components (A} to {C):

(A) an epoxy resin

(B) a clathrate complex comprising

6a



acid, 3,4-dihydroxyphthalic acid, 3,5- dihydroxyphthalic acid,
3,6-dihydroxyphthalic acid_ 4,5- dihydroxyphthalic acid,
4,6-dihydroxyphthalic acid, 3- nitrophthalic acid, 4-nitrophthalic acid,
5-nitrophthalic acid, 6-nitrophthalic acid, 3,4-dimethylphthalic acid, 3,5-
dimethylphthalic acid, 3,6-dimethylphthalic acid, 4,5- dimethylphthalic
acid, 4,6-dimethylphthalic acid; [0016] isophthalic
acid,2-methylisophthalicacid,4- methylisophthalic
acid,5-methyllsophthalicacid,6-
{Riethyfisophtivaiieadid, 2cthiisophtalicasidl4-compound  represented by
£ Sg_tyllﬁgpt}ftjh_g 'gacid_ ,5-et_hy|isophtha|i_cacid,6- (_a\thyli_sophthalic ac_id, _
2-n-propylisophthalic acid, 4-npropylisophthalic acid, 5-n-propylisophthalic
acid, 6-npropyli thalie:acid, 2-isopropyllsophthalic acid, 4-
isopropyﬁggpﬁc%ﬁcid, &opropylisophthalic acid, 6-
isopropyliéop!ﬁthaﬁt;igfdrﬁ:huiyﬁlébﬁh;thalidiabid, 4- butyl isophthalic acid,
5-butyl isophthalig-aci \ngtyl isophthalic acid, 2-isobutyl isophthalic
acid, 4-isobutyl isophthalic acid, 5-isobutyl isophthalic acid, 6-isobutyl
CEupREidlicHcid YREBEE T s phtalié iR Bit-mftylisophthaiicacidepresent s
- i thalic acid,.2- hydeoxyi i id, 4-hydroxyi thalic
aﬁéd%g%%%x%%opﬁnﬁﬁic%&id%-h%‘%%%%%ﬁtghaﬁc %a,gz,yii?{%’q group,
N girselraxyisephthalicacld o2, 8-diyooxyisophthaticwcid, (1-2)
2,6-dihydroxyisophthalic acid, 4,5-dihydroxyisophthalic acid_
4,6-dihydroxyisophthalic acid, 5,6- dihydroxyisophthalic acid,
2,4-dimethylisophthalic acid, 2,5-dimethylisophthalic acid,
2,6-dimethylisophthalic acid, 4,5-dimethylisophthalic acid,
4,6-dimethylisophthalic acifd;/B’,‘Etfxqwj‘methylisophthalic acid,
2-nitroisophthalic a %ﬂzd, 4- nitroisophthalic acid, 5-nitroisophthalic acid, 6-
nitroisophthalic aci ,"?}ﬁieﬁ[@yltere hifAliE Beid, 2- e‘t‘ﬁi}lterephthalic acid,
2-n-propylterephthalic acid, 2=isépropylterephthalic acid,
2-butylterephthalic acid, 2- isobutylterephthalic acid, 2-hydroxyterephthalic
acid, 2,6- dihydroxyterephthalic acid, 2,6-dimethylterephthalic acid,
(vhaitoterephthatic aeis1t2; 3sbenzenetsipatbaxglic agid, 4; m2 represents
a 1 2,§§€nzgr%etriqrarb{9xygic acid (trimellitic acid), 1,2,5-
IB@nzeneefﬁcarbéjxylic: acid, 1,3/4-Benzenditcaibdkyiic atif alkyl group,
nik35-henzapetriegroexylic agichiimesie agid)compound represented by
4-hydroxy1,2,3-benzenetricarboxylic acid, 5-hydroxy-1,2,3-
tki?er%z‘éﬁéﬁi’&h?@oﬁﬂ&ﬁ&i&%-hydroxy-l,2,4-
henzenetricarboxylicacid,5-hydroxy-1,2,4-
benzenetricarboxylicacid,6-hydroxy-1,2,4- benzenetricarboxylic acid,
1,2,4,5-benzenetetracarboxylic acid (pyromellitic [0017] acid);
1-naphtﬁ’6'rew;fféi5mpoicacid, naphthoicacid, naphthoicacid,
b e H{COOHY

A

(wherein g represents an integer of 1 or 2; *shows a .
binding position}; and

(b2) at least one imidazole compound represented by formula

(IL)

6b



naphthoicacid, acid,2-naphthoic 3-methy1-1-naphthoic
5-methyl-1-naphthoic 7-methyl-1-naphthoic 1-methyl-2-naphthoic acid,
acid, acid, acid, acid, 2-methyl-l4-methyl-16-methyl-18-methyl-I3-methyl-2-
naphthoic acid, 4-methy1-2-naphthoic acid, 5-methy1-2- naphthoic acid,
6-methyl-2-naphthoic acid, 7-methy1-2- naphthoic acid,
8-methyl-2-naphthoic acid, 1,2-naphthalene dicaxboxylic acid,
1,3-naphthalene dicarboxylic acid, 1,4- naphthalene dicarboxylic acid,
1,5-naptheIene q;garboxylic acid, 1,6-naphthalene dicarboxylic acid,
1,7-naphthalene dicarboxylic acid, 1,8-naphthalene dicarboxylic acid, 2,3-
naphthaleng/ dicarboxylic acid, 2,4-naphthalene dicarboxyLic
acid,2,5-naphthafénegdicarboxylicacid,2,6-naphthalene
dicarboxylicacid,2,7-naphthalene dicarboxylic acid,2,8- naphthalene
dicarboxylic a€id,2-hydroxy-1-naphthoic acid, 3-hydroxy-1-naphthoic acid,
4-hydroxy-1-naphthoic acid, 5- hydroxy-1-naphthoic acid,
(frivmekexy-i;naphthaicagid. 7 Rydrpxydsnaphihoicacidy, alkyl group,
8-hydroxy-1-naphthoic acid, 1- hydroxy-2-naphthoic acid,
PReAVEko gy iapHiRsiE akidy 4o hyd oy cd-aapkthbiclagidoup, and R; to
RS IUIRE20RNM0iG 86, O YO 20RO 81 oo atom
-hydroxy-2-naphthoic ’
Ci-C20 alkyl group, phenyl group, benzyl group,

hydroxymethyl group or CL1-C20 acyl group); and
(C) an inorganic filler.
[0009]

Further, din a third aspect the present invention
provides:
[6] a clathrate complex comprising at least one selected
from the group consisting of trimesic acid, 2,6-naphthalene
dicarboxylic acid, 1,4-naphthalene dicarboxylic acid and
benzophenone-4,4’-dicarboxylic acid; and

at least one imidazole compound represented by formula

(IT)

wherein R; represents a hydrogen atom, Cl-C10 alkyl group,
phenyl group, benzyl group or cyancethyl group; R, to Rs

represent a hydrogen atom, nitro group, halogen atom, Cl-

8¢



acid, 8- hydroxy-2-naphthoic acid,1,2,4,5-naphthalene tetracarboxylic
acid, 2,3- dihydroxy-I-naphthoic acid, 2,4- dihydroxy-I-naphthoic acid,
2,5-dihydroxy-1-naphthoic acid, 2,6-dihydroxy-1-naphthoic acid,
2,8-dihydroxy-1-naphthoic 2,7-dihydroxy-1-naphthoic
acid,3,4-dihydroxy-1- naphthoicacid,3,5-dihydroxy-1-naphthoic acid,3,6-
dihydroxy-1-naphthoic acid, 3,7-dihydroxy-1-naphthoic acid,
-di -lsnaphthoj id -dihy -1-n iC agcj
C%(%%}%ér%%%ﬁjaﬂ ro'x;gf? é%lr?% 0 %%a%:lfgi 4 g{%zi%r%y%%oig%ﬁ%%ﬁht g?%ra%kl{af,me tayl
J4Biihgdroxy-T-A8phttivic awid %6~ dihydroxy-1-naphthoic acid,
5,7-dihydroxy-1-naphthoic acid, 5,8-dihydroxy-1-naphthoic acid,
6,7-dihydroxy-1-naphthoic acid, 6,8-dihydroxy-1-naphthoic acid,
7,8-dihydroxyelst napkihoicacich 1, 3ydihydroxy-2cmaphtheieacie dnd-
dihydroxy-2-naphthoic acid, 1,5-dihydroxy-2-naphthoic acid,

[R%E/a%ydroxy-z-naphthoic acid,1,7-dihydroxy-2-naphthoic
acid 1 -dinycroxy:2,naphtbeicacid 3 isroxy;2- napthoic agid,y ;o 4
3,5-dihydroxy-2-naphthoic acid, 3,6- dihydroxy-2-naphthoic acid,

S Y. GPYEARBGCEnaphthBRe 4ol s dineveyt 2 praphtholkeccidarticularly
4. 6-dihydroxy-2-naphthojc.agj -dihydroxy-2-naphthoic acid,

li“ggiyyd%y%l r%r?f%hé% a%%n%l%%l ¥’ydroxy-2-naphthoic acid, 5,7-

{ dihyeiroxyr2-naphthoic acian8,8-dihydroxy-2-naphthoic acid,

7-dihydroxy-2-naphthoic acid, 6,8-dihydroxy-2-naphthoic acid,

(Q{S-%ih%g?%%%?—%%pﬁ%m gg?:(id?&%l’gﬁ carboxylic acid,

(d12-cyelohexanedicarbaxyis:acid.cl, dceyriehexanedicarhgyylic acid,
1,4-cyclohexanedicarboxylic acid,1,1-cyclohexanedicarboxylicacid,1,2-
decahydronaphthalenedicarboxylicacid,1,3-
decahydronaphthalenedicarboxylicacid,1,4-
decahydronaphthalenedicarboxylicacid,1,5-
decahydronaphthalenedicarboxylicacid,1,6-
decahydronaphthalenedicarboxylicacid,1,7-
decahydronaphthalenedicarboxylicacid,1,8- decahydronaphthalene
dicarboxylic acid, etc. These aromatic carboxylic acid compounds may
be used alone or by combining two or more kinds. [0018] Among
these, it is preferred to be an aromatic carboxylic acid compound
represented by formula (I-1) (R002 -7-(COOHLI

6d



(wherein nl represents any integer of 1 to 4; n2 represents any integer of O
to 4; Ri represents 01-6 alkyl group, nitro group or hydroxy group); or
formula (1-2) (P "1 1),n2 Il COOH),,i(1-2) (wherein ml represents any
integer of 1 to 4; m2 represents any integer of 0 to 2; Rn represents 01-6
alkyl group, nitro group, hydroxy group or the following formula [(COOR)q
(wherein q represents an integer of 1 or 2; * represents a binding

pasitignkt 1eE¥aMples ok 04:6:alky! gra kR and Rikinclude gynethiyh i,
group, ethyl group, propy! group, isopropyl group, cyclopropyl group, butyl
gr&& isobutyl group, s-butyl group, t-butyl group, cyclobutyl group,
cyclopropylmethyl group, pentyl group, isopentyl group, 2-methylbutyl

group, neopentyl group, 1-ethylpropyl group, hexyl group, isohexyl group,
4-methylpéentyl grotify, 3-methylpentyl group, 2- methylpentyl group,
1-methylpent up, 3,3-dimethylbutyl group, 2,2-dimethylbutyl group,

etc. [00191 N \éurther, among tlge e, it is preferred to be at least one
selected from roup consisting of 3,5- dihydroxybenzoic acid,

isophthalic aci\‘;J?&tVerephthalic acid, 5t-butyl isophthalic acid,

5-nitroisophthalig acid, 5- hydroxylsophthalic acid, trimellitic acid, trimesic
acid, pyromellitic acid, 2,6-naphthalene dicarboxylic acid, 1,4-

napht e dicar. ' id.and henaone-4,47- dicarhoxylic acid.
OO a6 oorepaute L o0t Sardsciuny fmited a& Brad v
isrreompormaepresented iy formula (Hy Bin Geherein R2ogpregentsar;
hydr atom, CI-C10 alkyl group, phenyl group, benzyl group or

oA o O D e R g N 108 g™ €1
h&lagenidtpin, @lo @20 witlert grogpoplrenylegroyp, benayd growd-oxymethyl
h)édrgx meéhxllgrgyg orC -CZ% ac | group). [0021] Examples of

ClC1 alﬁyl group of Rncidde & ethyl group, ethyl group, propyl

grioupl. iSopropy! group, cyclopropyl group, butyl group, isobutyl group,

s-butyl group, t-butyl group, cyclobutyl group, cyclopropylmethyl group, .
pentyl ggﬁosup, %%pen?él%?&p% f—gmlélthyl%lﬁyl gcr"(%’/umﬁ A&dbentyt ‘gl)ciup, Parious
1-sthylpropylgrodg - kexyhgrad, iepbexy| geoum dmethyipenty i, and

3-methylpentyl group, 2- methylpentyl group, 1-methylpentyl group,
SRR S DD RSt LR o ARSI gfocp, ==
112:difviethy hriylygroapy 1)3dimethy|aityh grougy 2e3-rimethylbulyl gyatidsy -

1-ethylbutyl group, 2-ethylbutyl group, octyl group, nonyl group, decyl
gPoUIgp,Qegrgmﬁg‘(%Wp#%%? ! Oalkylgglr of BB RE Tclude arP*s (4~

ungeeyd:groipniauryigrenp, palmityl geiys, sisaryh grawp: etc. besidesyig (4-
tq?s exem&lifie Sor alkyl gerfoup of R2. = Examples of C1-C20 acyl
groUp ST B HS ING I8 Trormyl oo BebWi 606 propionyl Gisapcinet
buatysyhgroap] sobettyryl groupsivadarybgratin pivaloyl grewpshexaneMether,
groﬁ[’J%E, octanoyl group, decanoyl groug Iaur,ogl group, myristo Igroup, _
 pamitSA TGS, sterBIarotip, etéXBLET Ay Bldiifles of infikz8kY c1ayL
compovbrsspesifically ineluge imidazale rhLmeibyiRidazole,, tetramethyl
2-methylimidazole, 3- methylimidazole, 4-methylimidazole, )
5%8@%%&afo|eﬁii%¥ﬁﬂ§xrbﬁ%ﬁe? 2-RhFRARRGOIaC3- BgAnGddzdrther.
dnetiptimidazolecSethylinidazeleaden-praRylipidazalecner, 1,3-bis[1-
2-npropylimidazole, 1-isopropylimidazole, 2-isopropylimidazole,
1-‘:?%5%%65?&%?%%[@i’?ﬁiﬂ%&&%‘?‘i‘?&%ﬁ litmidaZole,
2tisabutylimidazoe.] %&f@&@&l-lH-imid,mﬁ,ﬁ-bep@dﬁ%wijg&%@!% 1o
1,2-dimethylimidazole, 1,3-dimethylimidazole, 2 4-dimethylimidazole,
Dl ASREG i ola, £- SRy ERBOR: DA pRERAEA imidazole, 44" -
Anethy 1s2phenyttidpaidazale «2-phery-4smatavimidazole,lrpenzyds2s .
methylimidazole, 1-benzyl-2-phenylimidazole, 1-cyanoethyl-
2-methylimidazole, 1-cyanoethyl-2-ethyl-4-methylimidazole,
1-cyanoethyl-2-undecylimidazole, 1-cyanoethyl-2- phenylimidazole,
2-nhenylimidazole isocyanurate adduct, 2- methylimidazole isocyanurate
adduct, 2-phenyl-4,5- dihydroxymethylimidazole,2-phenyl-4-methy1-5-
hydroxymethylimida2ole,1-cyanoethyl-2-pheny1-4,5-di(2-
cyanoethoxy)methylimidazole,1-dodecyl-2-methy1-3-
benzylimidazoliumchloride,1-benzy1-2-phenylimidazole hydrochloride, etc.
TNnNO22A Amona thece an imidazole comnoirind which ie at leact nne



undecylimidazoleand2-pheny1-4-methy1-5- hydroxymethylimidazole is

more preferred. [0025] (Novel clathrate complex) In the present
invention_ a clathrate complex of at least one selected from the group
consisting of trimesic acid, 2,6-naphthalene dicarboxylic acid,
1,4-naphthalene dicarboxylic acid and benzophenone-4,4'-dicarboxylic

acid; and at least one imidazole compound represented by formula (I1)

R mberenB2.repeesqiia alydragen atom, {hG10alkyl graun, PREM inas
group, benzyl group or cyanoethyl group, R3 to RS represent a hydrogen
afoRrnifr® grétipChaloget & =T ie20 alky| glou, Phehyl groupisehizyite .
group. hydroxymathyl.graun o, Cl-C2AQ.acyl group) ds &y novel glathrale . 5 g |
complex. [00261 As for the method for producing a clathrate complex
ofedsmpofere(B, #t cartbe ohtaieieisy niivimy direcliyahgcidyl phthalate,
ahaverpenfioned.aiomatic samadieAcid compouindhand e, Imidagels, o, .
compound, or by mixing them in a solvent. Further, in case o 4 materia
withreelowrboiling paint; ordy hdtérakiith a high steéamtpressure, thelycidyl
infended clathrate complex can ke ined by allowing to act the, steam .

of thesedymatg?%g o%{%oé abcﬁ%gan?fe%gﬁ%og ar%}ga‘ﬁiecngagr %?()’/Iic a%‘fﬁglycldyl
compbdundnEarthet, by dlowingptoyiesiot twoldmmoreadnds of imidazolester,
compounds with.the abave-mentioned aromatic carboxylic acid o
A B A ol L e i S et EEEEELT
cempbpenttyartcmhoreidar be obiainediMpieovensthesdntended clatheateciday 1
C lex can be obtained by first generatin clathrate complex of the
2 o et S SR ST PAR Thore= -
cempound, aaddhensalloiving to repckthis clatbratpcomaplex withagother as

imjdazole c ound by.a method such as mentioned in the above. )
(O0DF 57 S BTERR AR of the DAY CISHhTS bon PR Lak gy dantoin,
canfirgiacthyyhemakgnralysist(d G and .DTA), infrared absorption
spectrametry (IR), X-ray diffraction pattern, solid NMR spectrum, etc.
Fﬁﬂﬂérz he composition of the clathrate complex can be confirmed by the
al analysispdpdn MMR(specieometry phighiperiermance iguida as 1ong as
chromatography (HPLC), element analysis, etc. [00281 The 50%
PARCH AT HE RARPAE OB ot Ebingdne i@ iefopromatic
paiculaeylinitad andiis sisually avithiarabowt 8:0b 1o 88 qap opreferably
about 0.01 to 30 pm, and more preferably about 0.1 to 20 gm. Those
WﬁWﬁ’\feef%B%dpagrﬁcﬁoﬂgﬁ%&e ‘&xcéeeds about 80 pm are not preferred,

as the clathrate complex particle cannot get in between the wirings of a
semiconduGtor wh Ssealing. The 50% patrticle diameter is the
particle diam in 'Am when the cumulative curve calculated by setting
the particle populagion as 100% is §0%. [00291 The epoxy resin
composition offfie preSent invention suffices to contain the above
component (A) and component (8), and it may be a solid epoxy resin
composition for '$ealing a semiconductor comprising an inorganic filler (C
in addition to component (A) and component (B). [00301 Theinorganic

filleFYe OFth B s SIRPERER Fésift CBMPBGSIRSN fordkaling 4 48midbhthcesiour .
obihenRresentdayentionnisyiot gasisylasly ligytad, andexagiples includec, .

silica glass, spherical silica obtained by flame melting, spherical silica
PrOtRICREBY 2 GH-J&F AT&thBR, Gtk eryRidifife diieap. halogen atom, CI-

a_@@@ﬂ@ima@ﬂmum%wgﬁﬁ Scannitials, Hagnesia,Magnesiiin e thy1
silicate, etc. These may be used alone or by combining 2 or more kinds.
[CORAYP  ©Fn thie EgBxyré5In E6inpBsitioATst tHe praagntiavertee a third
CIREHRLL (Bissedsas aclring, agept gr a curing accelerator.When
component (B) is a curing accelerator, it may further contain a curing
agent.The curing agent is not particularly limited as long as it is a

compound that cures epoxy resin by regcting with the epoxy group in

epoxy resin. As such curing agents, any of those commonly used as a
conventional curing agent of epoxy resin can be selected and used.
Examples include amine compounds such as aliphatic amines, alicyclic

and heterocyclic amines, aromatic amines, and denatured amines;

imidazole compounds, imidazoline compounds, amide compounds, ester
compnniinde nhennl combpoiinde aleohol comnniinde thinl comporinde



As for curing agent and curing accelerator, the following compounds can
be specifically exemplified. Examples of aliphatic amines include
ethylenediamine, trimethylenediamine,triethylenediamine,
tetramethylenediamine,hexamethyienediamine,
diethylenetriamine,triethylenetetramine,tetraethylene pentamine,
dipropylene diamine, dimethylaminopropylamine,

diethylammgi@wami%ﬂgﬂﬁmfée@éﬂ%ﬁmé'ﬁﬂe@@ﬂ@@s to a compound
pentanediamine,bis(2-dimethylaminoethyl)ether, )

p.éﬁ’fﬁﬁfe%ﬁylaié%ﬁyf’é‘?f@%i%mﬁwfit-ﬁﬁmﬁ@,I‘fjra a bond other than
digzabicycla(2¢2,2)octane(trigthyle %m@gi@”!\l"\xé\r'};s a crystalline

tetramethylhexamethylenediamine,N,N,N',N'-
teﬁﬁﬁiéﬂa}y@r@ﬁwgﬁé@iaﬁqiﬁg’Nmy\qz,mﬁiecules are bound via a bond

teramethylethylepedigming N.Nedimethylcyglohexylaming, ;1 c1uge 15
dibutylaminopropylamine, dimethylaminoethoxyethoxyethanol,
trietharfolamine; dimetntaridohexaholhetc 0088 nd tExamplescofuded is

alicyelc and heteroyclicamings inglude piperidine, pIRSIazing, .o ceq
menthanediamine, isophorone diamine, ! - pompassed in
methymorgholine; ethydmodplodlng; NN eNbomp Lex ,
tri%t}jnp\g}hylaminopropyl)hexahydro-s-triazine, 3,9-bis(3-
aminopropyl)-2,4,8,10-tetraoxyspiro(5,5)undecane adduct,
Naminoetl§igiperszine dfintethylaiminoethylpiperszine, diis@ ic carboxylic
aminacyclohexyl)methane, N,N'-dimethylpiperazine, 1,8- )
dia%g%%yclgfﬂ%?&ﬁﬁr%ecg%gl &tt” [00 ﬁfdazo}”e compound  is  not
ExamptesofarorhaticaminesincludeQophermdenetiamine form a clathrate

m-gg%%)éilgnedianﬁne, %-é)henyl%nediamine,f _ ! o
dianinbdiphenylmethane.diaminodigheRyRURSHE S bdfAimeth§larifiazole
dinethythenzylasmine imaylylenedia iney pyridinespiselinese 1 mot of the
u-methra/lbce_nzylmeggllaTi,ne, etc. Examples of denatured arr]ines
incTtide 8poxy compound-addsd Dol ARRRET Mickhie - BoIFARtiRRLY 0.5
Mainmich addedpolyamine, thiourea-added polyamine, ketone blocked

polyamin ‘hgigy%ndtigrinid‘e,cguanidine organic acid hydrazide, diamino
maleonitrlié *Amfheimide. boroR MidHges contained, it is preferred

pipesdinecomplexdarenisiiuerideimonoethylamine samplexeic. IQ03R%+ o
E)é%renpleg oagnethylimidazole,tmethylimidazole, ethylimidazole, imidazole
compourids2-niEtiiitid&Zole- BEmEMHRRTdAZSE  3-BtfimiizgbfEably 10
ineluidesinzidazeles 3-medndinidazetey 1-ethylimidazole d-othvlinidagzgle; tne
1- 4- 2- 5- ethylimidazaole, 1-n-propylimidazole,
third component is nct contained.
[0014]
The aromatic carboxylic acid compound is not
particularly limited, and the following can be exemplified:
benzoic acid, 2-methylbenzoic acid, 3-methylbenzoic
acid, 4-methylbenzoic acid, 2~ethylbhenzoic acid, 3~
ethylbenzoic acid, 4~ethylbenzoic acid, 2-n-propylhenzoic
acid, 3-n-propylbenzoic acid, 4-n-propylbenzoic acid, 2-
butylbenzoic acid, 3-butylbenzoic acid, 4-butylbenzoic acid,

2-isopropyl benzoic acid, 3-isopropyl benzoic acid, 4-



2-n-propylimidazole, 1-isopropylimidazole,2-isopropylimidazole,1-n-
butylimidazole, 2-n-butylimidazole, 1-isobutylimidazole, 2-

isobutylimidazole, 2-undecyl-111-imidazole, 2-heptadecyl-1H-
imidazole,1,2-dimethylimidazole,1,3-dimethylimidazole,

2,4-dimethylimidazole, 2-ethyl-4-methylimidazole, 1- phenylimidazole,
2-phenyl-1H-imidazole, 4-methy1-2-phenyl1H-imidazole,
2-phepybdvnethylinidazale; d;benzybn methylimigazelecia, 3-isobutyl
1-benzyl-2-phenylimidazole, 1-cyanoethyl- 2-methylimidazole, _
1-%?/3?18éfhyfl-§} hyl-ﬁ:%?ﬁ%ﬁﬁihaz%?&zeic acid, 2Z-nydroxybenzoic
1-gyanoethyl2-undegylimidazoles kigyanoethyls2- pheavlimidazole,; o . 5.
2-phenylimidazole isQ%/anurqt‘euadduct, 2- methylimidazole isocyanurate
adductC D PHEhyT-42 B Ginydrokrestiimidazerel S-preny i tavhemye is. acid,
hﬁ@@%y’mhwﬂ@m&ﬁﬁ@ﬁo%ﬁ%ﬁlpB%ﬁ%@é@icate , methyl-d-
cyanoethoxy)methylimidazole,1-dodecyl1-2-methy1-3-
bERAPHBAZBRHAchRIE T Dehi TR phenFimidzol hydrochicideraeate
[@%ﬁx@@@%g@&%@d@?corﬂpg?ws@QWQ@%&;@%M@&@ZO%WL-3m
2-phenylimidazoline, etc. Examples of amide compounds include a
polyaRfdevheained by a conelenBEtor of Brdinferracid fsolyamine, dtgtyl-2-
Examples.af.gster copnounds inclyds, éﬁ%%%@?%%g%mg%ﬁ%%% soate,
as aryl ester and thioaryl ester of carboxylic acid, etc. [0037]

Exampiestet plieéhekésrpouidsd alcehal cohmpounds) ¢hobcompouindls, 2,5~
ethghcoimnannds,and thiefer compoundeglyds.gs, ghencl tesi curing
agent, aralkyl -type phenol resin such as phenol aralkyl resin and naphto
ardiiag rasihbaovolbe-typecplenol fesi ok tsydlienol mbvola@resin, 3, 6-
cigsglunuaigeyesin. denaluied resindngisolsuchas fornerample .
epoxlylatéd or hutylated novolac-type phenol resin etc., d%cyclopentadlene
dedateréd phenod iasin, parekyleneldéndiirédh pheaokresin, triphénol 2, 4-

a'&%@éx%p&@@%éesin’a@.%i,funct'@?@l-é]x

Qg RhengLiesin, ete.Jgither, 5 ¢
tri-2-ethylhexyl hydrochloride 'such as polyol, p% ymercaptan, po(fysu'lphide,’

2-ddimvéthylamimoineethykphénol), 2,3,6-tdsirhethiytammiomethylplenol, 3, 5-
28&:bdmetiyamingmediylohenel £ic gan beexemplified..., 4 5.
Examples of urea compound, thiouréa compoun eéwisacid compbunds
inéhuelehlitytatediurea, bgtidbted nfeléamine thutylated tHioureazbodfign 2, 3-
trifluoride, etc. [0038 __Examples,of.phosphorous compounds include
or%%% c ]5 %Z%Finrﬁzéo&])cm pgﬁrjfésf inc%’ddfﬁéi jﬁp%%%ﬁxﬁﬁ%as%ﬁ?nlecsuc%%g alkyl2 $5"
pkdéptimemytiadmgiethybphidsphirte andibutikphgsphire ijphenybid, 3, 4-
p |ne, etc.; secondary phosphine such as dialkyl phosphine includin
di}&rﬁglt%yf:gﬁ ép’nlﬁglacnd |Sr£)ogp'ylpf}yo’s%fr%€h£§ {e)ﬁ{ytgpehl%zs%ﬁﬁ;ne,dud’ 3,6-
mathyiéthyt phesphine, eteritertiary chospiyrirsughastbimethydcid, 4,6-
phasphine, triethyl phosphine, triphenyl phosphine, etc. [0039]

E%é‘?rgﬁ é:sO% ,g{Caln é‘.?\lﬁydér)?dlé&éompounds include phthalic anhydride,
tefrahysliophthalic anhydride, hexahydrophthalic anhydride,

methyltetr% dri)E)hthaIic anthdride, 3met . )
methylheXahydrophthalicaRhydride, eRdORTEIRyBRERS 10 acid. 4-
tetrattydrophthalicanhydrideidmethylesdamethylenea tetrakydrophibalic 6
anh;%ri e,h%ale‘ic anhycjlglde, tgtr%rk?eéh%lene maleic anhydride, trimellitic
ARy dNaE ChiSrerai CRARy dritie” pyYorahitie Hrhy AR - dduetemyiphthalic
sueciaic arthyslride: lerzaphenoneteiracasbexliciamnrkides acia, 3-n-
ethyleneg| colb'hs(anhydrot_rimellitate), : _ _

GBRER R A chotrimEitdte) methyl e ARREAGRE Ricarbodsfied  5-0-
aphyeriden pelypzelaic arnhydride, efcn[0P40by 1 pHitithercexampleg of 3.
onium salt compound and active silicon compound-aluminum complex
include aryl diazonium salt, diaryl iodonium salt, triaryl sulfonium salt,
triphenyl silanol-aluminum complex, triphenyl methoxysilane-aluminum
complex, silylperoxide-aluminum complex, triphenyl silanol-tris(salicyl
aldehydate)aluminum complex, etc. [0041] As for the

above-mentioned curing agent, it is preferred to use particularly an amine
compound, imidazole compound and phenol compound. Among the

phenol compounds, it is more preferred to use a phenol resin curing
anant TONA21



As for the method for producing the epoxy resin composition for sealing a
semiconductor of the present invention, it can be produced by melting and
kneading the mixture comprising each of the above components and other
additives in a given amount with the use of kneader, roller, extrusion

molding machine, etc. at a temperature and time with which no

gelatinization occurs, subsequently cooling the resultant, and then

grinding anchremeldiag the same. Fyirtherninithe methed for produsing the s c
epoxy.resin compasition for sealing a semiconductor of the present

inf&ifion, thePSEh 6 RN antifeadihg B RERTY Ry Bé Bmithsdid . 4-
The predused-epaxy fesin cemposition mayhe.a-solidardn adiquig state, .
depending on its composition and producing method, and it is preferred to

b SGTHOPWHRET B-Ihgas a®Soifd; it is bréfetietthb e edhtent ofthd.  4-
ingeganie fllgnienf0 t0.95%.with respectiodhe iofal.epaxy tesin iy, 4.
composition.%&rOO43 The amount of the clathrate complex to be used

may BESHiRe t5the amourtiSed forUstieh egnig ageat and curngd.  4-
aggrieraton nd-depends gpithe Curi@%@@m%%%ﬁfcan acid, 6~

addition-type curing agent, wherein a curing agent molecule is always
infatratety phthecdured résihtby rebcfingiwitiihresepby:gicup, whiledt 3. 5-
denends-0a-$he desited property of the &%ﬁga%%wﬁ%%%m%!gw a,5-
generally used so that the included imidazole compound (curing agent

and/oY eaary cbeferator) Beddmes 9.3 té 1oyt withhrgspeitto kaidl.of 3-
thesanyrgioup: Fuilhr, In @ case.of apolymerzalionyype auing Agent. ;.
or photoinitiation-type curing agent wherein the curing agent molécuie
caahdicaly inducestyifg-bpening6f the, épdypgrduplwithbatbeingcid, 3,5-
integratsgin therepin. andcauses addilon polymetizationreaction ; -, 5
between oligomers, or in case of using as a cun%g acce?era‘for, fie @ ‘
cléinatdwdmpléraduffices 16 betl O-hoher legsphiti sdspectdad; mol of
eRQY, group. These clathrate complexes may be used alone or by mixing
two or more kinds. [0044] Other additives may be added to the epoxy
resin comigogition forisealirgra demiconductoy bf thepresantdsnventad,  4-
asprdines et Eramplesqidhe other addilves nglie e folowd: .

silane couplinig agents such as vinyltrimethoxysitane, vmﬁ%rlé:thox??gﬁ

yagiybidokypropyitriiethoxysiiahe, Y- ghaeitioxypsopyltrithaxysilaneia,  4-

methacrylo ltrimethoxysilane, methacryloxypropyltriethoxysilane,
afﬁr?%&%%é%ﬁ r%?ép%gfysilaﬁg}]{?f{éming;r%%%ﬁ/ éﬁ%&é@%&eﬁc acid.  6-

Negifaydiheetitytlysdminopropylirimathoxysipge NeBphthalic acid, 4-n-

(aminoethylly-aminapropyltriethoxysilane,N-phenyl-y- ) .

T R A Re Koy oSO sl 5-1-
mercatbpsopyitritadthoxysitdre, Y - marcaptepropybiethoxysiane, eteig,  4-
filiesrssu%h aiigglc'%rgé)'c%rbogat light calcium bicarbonate,natural silica,
synthetic Slica. molten silica, Kaolin, clay> HARREE BXiee A Suftai? - 6
zihsaxidgyyalusvpirhiaydroxide; Magnesiwm hydraddentale mica,acid, 4-
Wolljllgstpni_te, cp%agﬁsi m titanate, ailiu_min«éjm bagrate, sepiolite, xonotolite,

ete dlastomer teratiring sgénts Such g&N%ﬁ?B%E}b%H&eﬁ&m' 6-butyl
chiespprenelrubbers sdicone.ierosslinked:NBRy eresslisket:BR, agyiSonutyi
cgreés?%lba riyl, urethane rqblger, oylﬁ/est_er elastomer, functional agrqup
contamingfguid ﬁﬁh?iiqtﬁdjp*’o?%gﬁ HienBORiiBHotyestsr- fqui§ - 1sobutyl
palystiiides deaataredsilicane -urethane prepalymers cetaol0945]s - ¢ —putyl
Flame retardants such as hexabromocyclodecane,

bis{di i%rrldtr%%%%?’gpyl)t&?éﬁirbmob%" 6ﬁ@r‘l’d%|/}5§ tris(diBPaMbRFdpYisodfakirate, 2-
tisftribsenonespentyliphospbate, decahrapodiphepyhedde i  acid, s5-
bis(pentabromo)phenylethane, tris(tribromophenoxy)triazine,
ethylenebistetrabromophthalimide,polybromophenylindane, brominated
polystyrene, tetrabromobisphenol A polycarbonate,
brominatedphenyleneethyleneoxide,
polypentabromobenzylacrylate,triphenylphosphate,
tricresylphosphate,trixynilphosphate,
cresyldiphenylphosphate,xylyldiphenylphosphate,
cresylbis(di-2,6-xylenyl)phosphate,2- ethylhexyldiphenylphosphate,

racnreinonlhicefdinhenvyDNnhnenhate hiecnhenolA hieldinheanvyDNNnhnenhate



phenol, cresol, t-butylphenol, etc.; extender; strengthening agent; coloring
agent; thickening agent; mold lubricant such as higher fatty acid, higher
fatty acid ester, higher fatty acid calcium, etc., including carnauba wax and
polyethylene wax, etc. The compounding amount of these additives is not
particularly limited, and the compounding amount can be appropriately
determined within the limit that the effect of the present invention may be
ohtatneshk {0046 t ha FLrtherc thie epoxyyesin:cormpositian forsealinga 5 .-
semiconductor of the present invention can contain other resins, besides
e PO ST EXAEE b tthef Fédins iheRidé poljester tesin&d/l issinzcid,
sibican. resin.apelyyretbaneesin, etc.JExamples] ,[QOéZLyar&f{%@ﬁﬁ{glm
ted to

shown in the following, while the present invention is not limi these
ER&rhPles. [00481 [Prebdtation ol tisthidteccbivplex]  acid, 5,6~

Clathratecamplexgsiverepreparedwiththe @Q@%%%‘%}‘mﬂ%ﬂ% acid,

following Tables 1 to 5. Preparation of each clathrate complex was
. perfornted by itieé rietivdsdicwh i Examle i mdidmple 8 ahd Bxamplecid,
17 Tapl] Qﬂgﬁg}& [Exampl s -thr K .
flaﬁfl?]%%&%él?{(%}fm 5§-tert bu%;%%ggjphthalié a%fgé ar?d1 ?%%@%%%&%%ngm acid,
2-etlyl<EiRdthyinidazoié adnd 8EC Al of mhethiansl vserehadded stiredd,  4-
a for 3 . After.coQlj rforming filtration and
vggu%%%%%@%%gg of%%é{%léthra?e%%n%?e%g%%ﬁ%%}bll%tyl isgﬁﬁtﬁalic 6-
acidizrethyardtivptiyimidazole (1:B)-weasbidinedpiheglathraticroofithe 2-
ohtai I mple confirmed.by 1H-NMR, TG-DTA and .
R o o o DS B4 238, =
29,53 1387184;; 3521365 1381 B9, 40; 43, 44 ahd dbiwere:prepaaeddn theid, 2-
S r, ample. To a 500 ml-th neck flask, 49.8
o S5O o o Getahe b S0y NG St o 2o
THélerd 331 tg f Phathy Li4-methylimidazolé dissolved separailyiwith 601ia,
ml, of acetone w ropped by heating. After dropping, the resultant was
e B Ah A on S ARes TS et aHa L0 =eo,
fillrafiod.-By peeforming arlcusmidrying; £9. 2 akthesalathrate complex of, 2, 5-
isg%gghgggtaci%/gg th}gl;ﬂ:rgeg%igid?zgleé(_lél was obtained. The .
clathration of the obtaihed clathrate complex wag corfrmed by T i RS1d.
TG-BTA-ard 2RB L xicdlathrate complexestafimsamplescial, , 10 Ik dkxy -
21, %0,33_7 agde4n66W§£Q$r%p%re§p.in the same n%anner. [0051] [Example
1%]’ 62 STRTES etk Hask 43 2% of 1,4- HaphithalenedidalSSRytic ek 2+ 3
ahedde giofizamdecylimidazole, and 4600, ml of ethyl agetatawere.- 1,2, 4-
a d%%,eséiéred gndbheat d at reflux for 3 hours. After cooling, by
peﬁormlngﬁﬁtlraﬁgn%% vacuum drying®85% of the clathréfebggrﬁ‘bﬁ@’x”&ff 2.4-
1 ¥enaphthatenedivatboxytic acid/2- undeaylimidazole (1:k)-wagebiainedy 4.
Tge obtaingd ,clattgate omplex v_vgs subjected to 1H-NMR, TG-DTA and
XRD {5 e6ritirm the elathratiors S Clathiratd coriereL6F EkARTsS gy Lic
28,22, 2632and Yl-were prapared in the same manner. [0052] In
TzBIe}s7 to 5, "2E4MZ" denotes 2-ethyl-4- methylimidazole, "2MZ"
dénoted -methylimidazole, "Cllim" denotes 2-undecylimidazole,
"2PAMHZ dgnotes 2opheaykdl: methykpHwdsexymetaimidazele,and 1 -1 -
"C1l7Im" denotes Z-ert%d“%gggidazole. [0053] [Table 1](|1\Io. IEx.1

E&ﬁﬁ%&%@lc acid, v1l-i-naphthdolic acid, 4-methyl-1-
naphthoic acid, S-methyl-l-naphthoic acid, 6-methyl-1-
naphthoic acid, 7-methyl-l-naphthoic acid, 8-methyl-1-

naphtheoic acid, l-methyl-2-naphthoic acid, 3-methyl-2-
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Ex.4l_ Ex,5 1 54iiS5 Ex,61 Ex.7' 97 TSi52 53 S61 imidazole 2E4MZ
2,6- naphthalene dicarboxylic acid 2E4MZ 54ert butyl isophthalic acid - 1 :
1i.2E4MZI isoph Eh alic acid 1 : 1 2E4MZ 2E4MZ 2E4MZ I12E4MZ 3,5- id
ihydrcxy-2- inaphthol acid i Aromatic carboxylic acid

naphthoic acid, 4-methyl-2-naphthoic acid, 5-methyl-2-
naphthoic acld, s6-methyl-2-naphthoic acid, 7-methyi-2-
naphthoic acid, 8-methyl-2-naphthoic acid, 1,2-naphthalene
dicarboxylic acid, 1,3-naphthalene dicarboxylic acid, 1,4-
naphthalene dicarboxylic acid, 1,5-naphthalene dicarboxylic
acid, 1,6-naphthalene dicarboxylic acid, 1,7-naphthalene
dicarvoxylic acid, 1,8-naphthalene dicarboxylic acid, 2,3-
naphthalene dicarboxylic aclid, 2, 4-naphthalene dicarboxylic
acid, 2,5-naphthalene dicarboxylic acid, 2,6-naphthalene
dicarboxylic acid, 2,7-naphthalene dicarboxylic acid, 2,8-
naphthalene dicarboxylic acid, 2-hyvdroxy-l-naphthoic acid,
J-hydroxy-1-naphitholc acid, 4-hydroxy-l-naphthoic acid, 5-
hydroxy-l-naphthoic acid, 6-hydroxy-l-naphthoic acid, 7-
hydroxy-l-naphthoic acid, 8-hydroxy-l-naphthoic acid, 1-
hydroxy-Z-naphthoic acid, 3-hydroxy-2Z-naphthoic acid, 4-
hydroxy-2-naphthoic acid, 5-hydroxy-2-naphthoic acid, 6&-
hydroxy-2-naphthoic acid, 7-hydroxy-2-naphthoic acid, 8-
nydroxy-2-naphthoic acid, 1.2.,4,5~-naphthalene
tetracarboxrylic acid, 2,3-dihydroxy-l-naphthoic acid, 2,4-
dihydroxy-1-naphthoic acid, 2,5-dihydroxy-1-naphthoic acid,
2,6-dihydroxy-l-naphthoic acid, 2,7-dihydroxy-l-naphthoic
acid, 2,8-dihydroxy-l-naphthoig acid, 3.4-dihydroxy-1-
naphthoic acid, 3,5-dihydroxy-i-naphthoic acid, 3,6~
dihydroxy-l-naphthoic acid, 3,7-dihydroxy-l-naphthoic acid,
3,8-dihydroxy-l-naphthoic acid, 4,5-dihydroxy-1l-naphthoic
acid, 4,6-hydroxy dihydroxy naphthoic acid, 4,7-dihydroxy-
I-naphthoic acid, 4,Swdihfdroxy—l—naphthoic acid, 5,6-
dihydroxy-1l-naphthoic acid, 5,7-dihydroxy-i-naphthoic acid,
5,8-dihydroxy-1l-naphthoic acid, 6,7~-dihydroxy-l-naphthoic
acid, 6,8-dihydroxy-1l-naphthoic acid, 7,.8~dihydroxy-1-

13



"Host : imidazole benzophenone- 4,4r-clicarboxylic acid 5- initroisophth
all acid terephthalicTacid 1:1 2:31:11:2.1t1 Carboxylic acid
(mmol) 400 810 300 144 800200 1 200 Imidazole ol 400 972 300 288 960
200 200 I Solvent

naphthoic acid, 1,3-dihydroxy-2-naphthoic acid, 1,4-
dihydroxy-2-naphthoic acid, 1,5-dihydroxy-2-naphthoic acid,
1.6-dihydroxy-2-naphtheic acid, 1,7-dihydroxy-2-naphthoic
goid, 1,8-dihvdroxy-2-naphthoic acid, 3, 4-dihvdroxy-2-
naephtheoic acid, 3,5-dihydroxy-2-naphthoic acid, 3,6~
dihydroxy-2-naphthoic acid, 3,8-dihydroxy-2-naphthoic acid,
4,5-dthydroxy~2-naphthoic acid, 4,6-dihvdroxy-2-naphthoic
acid, &, 7-dihydrowy-2-naphthoic acid, 4,8~-dihydrowny-2-
naphthoic acid, 5,6-dihydroxy~2-naphthoic acid, 5,7~
dinhydroxy-2-naphthoic acid, 5,8-dihydroxy-2-naphthoic acid,
&6, 7-dihydroxy-2-naphthoic acid, 6,8~dihvdroxy-2-naphthoic
acid, 7,8-dihydroxy-2-naphthoic acid, cyclohexanscarboxylic
acid, 1,2-cyclohexanedicarboxyliic acid, 1,3-

cyclohexanedicarboxylic acid, 1,4-cyclohexanedicarboxylic

acid, 1, l-ecyclohexanedicarboxylic acid, 1,2~
decahydronaphthalene dicarboxylic acid, 1,3-
decahydronaphthalene dicarboxylic acid, 1,4-
decahydronaphthalene dicarboxylic aclid, 1.5~
decahydronaphthaiene dicarboxylic acid, I,6-
decahydronaphthalena dicarboxylic acid, 1,7-
decahydronaphthalene dicarboxylic acid, 1,8-

decahydronaphthalene dicarbozylic acid, eto.
| These arcomatic carboxylic acid compounds may be used
alone or by combining two or more kinds.
(00181
Among these, it 1g preferred to be an aromatic

carboxylic acid compound represented by formula (I-1)
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acetone methanol acetone ethyl acetatemethanol methanol methanol
Solvent amount 11.11.... 400 810 360 315 55,9 1200 150 150 ...:1 46.7
Obtained amount (g) 121,2 201.3 79.2 1225 . 7 i46,7 [0054] [Table 2]
Ex.8IEx.9 Ex.10 Ex.11 Ex,12 Ex,13 Ex,14 Ex,15 Ex,16 No. 5899

NN

L (
( 2ﬁ\‘m_Jm —{COO ), (D)
e

{wherein nl represenlts any integer of I to 4; n2 rapresents

any integer of 0 To 4; R; represents Ci-6 alkyl agroup,
nitro group or hydroxy groun);

or Fformula {I-2)

Y
Ry~ T T(CO0H), (1-2)
k\/

(wherein ml represents any integer of 1 to 4; m2 represents
sny dnteger of 0 to 2; Ry represents Cl-6 alkyl group,

nitro group, hydroxy group or the following formula

Q
‘ @CO{}H}Q

{wherein g represents an integer of 1 or 2:; * represents a
binding position).

Examples of Cl-6 alkyl group of Ry and R;; include a
methyl group, ethyl group, propyl group, isopropyvl group,
cyclopropyl group, butyl group, isobutyl group, s-butyl
group, t-butyl group, cyclobutyl group, cyclopropylmethyl
group, pentyl group, isopentyl group, 2-methylbutyl group,
necpentyl group, l-ethylpropyl group, hexyl group, ischexyl
group, 4-methylpentyl group, 3-methylpentyl group, 2-
methylpentyl group, l-methylpentyl group, 3,3-dimethylbutyl
group, 2,2-dimethylbutyl group, etc.

{0019]
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910911 912 513 914 915 516 imidazole2mZ2MZ 214Z2MZ 2MZ 2MZ
2MZ 2MZ 2MZ AromaticZS- carboxylicnaPhthalue dicatoxylic acidadd 5-
nitroiscipnt hallo acid 5-tert-butyl isophthalic acid benzo phenone -4,41-
dicarboxylic acid isophthalic acid 3,5- dihydroxy- benzoic acid trimesic
acid 5-hydroxy
Further, among thess, it ig preferred to he at lsast
one selected from the group congisting of 3,5-
dihydroxybenzoic acid, isophthalic acid, terephthalic acid,
S-t-butyl disophthalic acid, 5-nitroisophthalic acid, 5-
hydroxyisophthalic acid, trimellitic acid, trimesic acid,
pyromellitic acid, 2,6-naphthalene dicarboxylic acid, 1,4-
naphihalene dicarboxylic acld and benzophenona-4,4° -
dicarboxyiic acgid.
{00207
The imidazole compound is not particularly limited as

long as it is a compound represented by Fformula (IT1)

(Rﬁ
)
YNNRE (1h
Ra

{(wherein R, represents & hydrogen atom, CI1-Cl0 alkyl group,

Hy

N

phenyl group, benzyl group or cyanoethyl group; R; to Rs
represent a hydrogen atom, nitro group, halogen atom, Cl-
C20 alkyl group, phenyl group, benzyl group, hydroxymethyl
group or Cl-C20 acyl group).

f0021]

Examples of C1-Cl0 alkyl group of R, include a methyl
group, athyl group, propyl grouy, lgopropyl group,
cyclopropyl group, butyl group, isobutyl group, s-butyl
group, T-butyl group, oycleobutyl group, cyclepropylmethyl
group, pentyl group, isopentyl group, 2-methylbutyl group,
neopentyl groﬁp, i-ethylpropyl group, hexyl group. ischexyl
group, 4-methylpentyl group, 3-methylpentyl group, 2=
methylpentyl group, l-methylpentyl group, 3,3-dimethylbutyl
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isophthalic acid tqaPrithalid acid Host: imidazole 1:1 1:2 :1 2:3 Ul 1:11:1
1:1 1:1 Carboxylic acid (rnmol) 320 400 200161 375 300 250 100 240
Imidazole320800 (mmol) 200322 375 300 250 100 360
Solventacetonemethanol acetone acetone methanol methanol methanol

group, 2,2-dimethylbutyl group, 1,1l-dimethyibutyl group,
1,2-dimethyibuiyl group, 1,3-dimethylbutyl group, 2,3~
dimethylbutyl group, l-ethyibutyl group, 2-ethylbutyl group
octyl group, nonyl group, decyl group, etc.

F¥xamples of CL-C20 alkyl group of R; to Rs include an
undecyl group, lauryl group, palmityl group, stearvl group,
etc. besides those exemplified for alkyl greoup of Rs.

Examples of C1-C20 acyl group of R:; te Rs include a
formyl group, acetyl group, propionyl group, butyryl group,
isobutyryl dgroup, valeryl group, pivaloyl group, hexanovl
group, octanoyl group, decancyl group., lauroyl group,
myristoyl group, palmitovl group, stearovl group, ekc.
[o0221

Examples of imidazole compounds sSpecifically inclade
imidazole, l-methylimidazcle, Z-methylimidazole, 3-
methylimidazole, 4-methylimidazole, 5-methylimidazole, 1-
ethylimidazole, 2-athylimidazolie, J-ethylimicazole, 4 -
ethylimidazele, 5-ethylimidazole, l-n-propylimidazole, 2-n-
propylimidazole, l-isopropylimidazole, 2-isopropylimidazole,
i-n-butylimidazole, Z-n-butylimidazole, i-isobutylimidazole,
2~isobutyiimidazole, 2-undecyi-lH-imidazole, 2-heptadecyl-
1H-imidazole, 1,2-~dimethylimidazole, 1,3-dimethylimidazole,
2. 4-dimethylimidazole, Z;ethyiw4«methylimidazole, 1~
phenylimidazole, 2-phenyl-lH-imidazole, 4-methyl-2-phenyl-
iH-~imidazole, Z-phenyl-4-methylimidazole, l-benzyl-2-
methylimidazole, l-benzyl-2-phenyvlimidazole, I-~cyvancethyl-
Z-methylimidazole, I-cyancethyl-Z-ethyl-4-methylimidazole,
l-cyvanocethyl-2-~undecylimidazole, ‘ l-cyanoethyl-2-
phenylimidazole, 2-phenylimidazole isgocyanurate adduct, 2-

methylimidazole isocyanurate adduct, Z-phenyi-4,5-
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methanol methanol Solvent amount (ml) 8001000 390 210 500 600 500
100 170 Obtained amount (g) 94.1 133,2 57.4 63.0 78.4 54.3 69.1 21.0
41.5 [0055] [Table 3] IEx,17 Ex.18 Ex.19 E.x20 21 Ex.
TEX,221Ex.23-1i No,517 S18

dibyvdroxymethylimidazole, 2-phenyl-4-methyl-5-
hydrozymethylimidazole, l-cyanoethyl-2-phenyi-4,5-41(2-
cyanoethoxyjmethylimidazole, l-dodecyl-2-methyl-3-
henzyvlimidazoliuom chloride, i1-benzyl-2-phenvlimidazole

hydrochicride, etc.
(00231

Among these, an imidazole compound which is at least
one selected from the group consisting of 2-methylimidazole
2-ethyl-4-methylimidazole, Z-undecylimidazole and 2-phenyl-
d-meathyl-5-hydroxymethylimidazole is preferred.
{00241

As for the clathrate complex of the above-mentioned
aromatlic carboxylic acid compound and the imidazole
compound, the combination thereof is not limited as long as
it is wifhin the above scope. However, a clathrate complex
of an aromatic carboxylic acid compound which is at least
one selectad From the group conzgisting of 3,5-
dihydroxybenzoic acid, isophthalic acid, terephthalic acid,
5-t-butyl isophthalic acid, 5-nitroiscphthalic acid, 5-
hydroxyisophthalic acid, trimellitic acid, trimesic acid,
pyromellitic acid, 2,6-naphthalene dicarboxylic acid, 1.,4-
naphthalenes dicarboxylic acid and henzophencne-4,4° ~
dicarboxylic acid; and an imidazole compound which is at
least one sgelected from the group congisting of 2-
methylimidazole, 2-ethyl-4-methviimidazole, 2-
undecylimidazole and 2-phenyl-4-methyi-5-
hydroxymethylimidazole is more preferred.
[0025]

{Novel clathrate complex)
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Cllith S19 Cl1im S20 Cillm 521 ; S22'S23 P MiraCllim imidazole1C1.1 Im
Cllim Aromaticl,4- trirnesic acid 5-ten- isophthalic trill-sail:a
acid5-pyromelliiic carboxylic acidnaphthalene dicarboxylic acid butyl
isophthalic acid acid nitroisophthalic add acid Host : imidazolel:12:3 1
011:11:11r1-11r1

In the present invention. a clathrate complex of at
least one selected from the group consisting of trimesic
acid, 2,6-naphthalene dicarboxylic acid, 1,4-naphthalens
dicarbexyiic acid and benzophenone-4,4' -dicarbowylic acid:
and

at least one imidazole compound represeﬂted by formula (I1}

Ry Ry
N N {11y
N Rg
]
Ra

{wherein R, represents a hydrogen atom, C1-Cl0 alkvyl group,
phenyl group, benzyl greup or cyanoethyl group, R: to Rg
represent a hydrogen atom, nitro group, halogen atom, Cl~
C20 alkyl group, phenyl group. benzvl group, hydrozymethyl
group or CL-C20 acyl group)

is & novel clathrate complex.

[oo26]

Ag for the method for producing a clathrate complex
of component (B}, it can be obtained by mixing directly the
above-mentioned aromatic carboxylic acid compound and the
‘imidazgele compound, or by mixing them in a solvent.
Further, in casgse of a material with a low beiling point, or
a material with a high steam pressure, ths intended
clathrate complex can be obtained by allowing to act the
steam of these matefials on the above-menticned aromatic
carboxylic acild compound. Further, by allowing to react
two or more kinds of imidazole compounds with the above-
mentioned aromatic carboxylic acid compound, a clathrate

complex consisted of plural components of 3 components or
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Carboxylic acid (mmol) 400 120 250 200 160 150 250 Imidazole (mmaol)
200 180 250 200 160150 250 Solvent ethyl acetate methanol acetone
Fethyl acetate acetoneethyl acetate - methanol- Solvent amount (ml) 1000
320 250 100011000 750 1000 Obtained amount (g) SSA 9 56.5108 . 0
68.164.8 62,9

more gan be obtained. Moreover, the intended clathrate
complex can be obtalned by first generating a clathrate
complex of the above-mentionad aromaltic carboxviic acid
gompound and an imidazole compound, and then allowing fo
react this clathrate complex with another imidazole
compound by a method such as menticned in the above,

To0271

The structure of the obtained clathrate complex ocan
he confirmed by.thermai analysis (TG and DTA}, infrared
absorption spectrometry (IR), X-ray diffraction pattern,
solid NMR spectrum, eato. Farther, the composition of the
clathrate complex can be confirmed by thermal analysis, ‘H-
NMR spectrometry, high performance liguid chromatography
{(HPLC}, elemenit analysis, etc.

{00281

The 50% particle diameter of the clathrate complex of
component (B} is not particularly limited, and it is
usually within about 0.01 to 80 pm, preferably about .01
to 30 um, and more preferably about 0.1 to 20 wm. Those
which average particle diameter exceeds about 80 um are not
preferred, as the clathrate complex particle cannot get in
betwaaen the wirings of a semiconducter when sealing.

The 50% particle diameter is the particle diameter in
um when the ocumulative courve calculated by setting the
particle population as 100% is 50%.

[o02¢1]

The epoxy resin composition of the present invention

suffices to contain the above component (A) and component

(B}, and it mav be a sclid epoxy resin composition for

20



ir 92,2 (Table3(cont'd)) Ex.24T'25 jS25 Ex.26. S26 No. _ S24
imidazole CllimCllint Cllim Aromatic carboxylic acid benzophenone- 44'
dicarboxylic acid 3,5-dihydroxy benzoic acid 5-hydroxy isophthalic acid
Host : imidazole 1 : 1 Li 1 r, 1 Carboxylic acid (mmol) 14.8 150 100

sealing a semiconductor comprising an inerganic Ffiller {C},
in addition to component (A} and component (B).
{00301

The inorganic filler (C) of the solid epoxy resin
composition for sealing a semiconductor of the present
invention is not particularly limited, and examples include
silica glass, spherical silica obtained by flame melting,
Spharical silica produced by zol-gel method, eatc. .
crystaliine gilica, alumina, tarc, ammonium nitrate,
gilicon nitrate, magnesia, nmagnesium silicate, etc. These
may be used alone or by combining 2 or more kinds.

[0031]

In the epoxy resin composition of the present
invention, component (B} is used as a curing agent or a
curing accelerator. When component (B) 1is a curing
accelerator, it may further contain a curing agent. The
curing agent is not particularly limited as long as it is a
compound that cures epoxy resin by reacting with the epoxy
group in epoxy resin. As such curing agents. any of those
commonly used as a conventional curing agent of epoxy resin
can be selected and used. Examples include amine compounds
such as aliphatic amines, alicyclic and heterocyclic amines
aromatic amines, and denatured amines; imidazole compounds,
imidazoline compounds,; amide compounds, ester compounds,
phencol compounds, alcohel compounds, thiol compounds, ether
compounds, thicether compounds, urea compounds, thiourea
cmmpounés, Lewis acid compounds, phosphorus compounds,
acid-anhydride compounds, onium salt compounds, active
silicon compound-aluminum complex, etc.

00321}
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Imidazole (mmol) 14.8 150 100 i ., Solvent ethyl acetate acetone methanol
Solvent amount (ml) 30 250 501 Obtained amount (g) 7 . 0 51.5 23.51 i
[0056] [Table 4 ] Ex.27 Ex.28 Ex.29 Ex,30 Ex. N0,527 S28 S29 530 S
imidazole2P4MHZ 2P4MHZ 2P4M1-1Z 2P4AMHZ 2P4M1-JZ Aromatic
carboxylic acid 1_

Ag for curing agent and curing accelerator, the
following compounds can be specifically exemplified.

Examples of aliphatic amines include ethvlienediamine,

trimethyvlenediamine, triethylenediamine,
tetramethylenediamine, hexamethylenediamine,
diethylenetriamine, triethylenetetramine, tetrasthylene

pentamine, dipropvlene diamine, dimethylaminopropylamine,

diethylaminopropyliamine, trimethyilhexamethylenediamine,
pentanediamine, bis(2-dimethylamincethyl)ether,
pentamethylidiethylenetriamine, alkyl-t-monoamine, 1,4~
diazabicyclo(2,2,2)octane{triethyvlenediamine}, N,MN,N' N -
tetramethvihexamethylenediamine, NN, NN -
tetramethylpropyvlenadiamine, NN, N, N -
tetramathylethylanediamine, N, N-dimethylcyclohexylamine,

dibutylaminopropylamine, dimethylaminocethoxyethoxyethanol,
triethanclamine, dimethylaminchexancl, etc.
{0033}

Examples of alicyclic and heterocyclic amines include
biperidine, piperazine, menthanediamine, isophorons diamine,
methylmorpholine, ethylmorpholine, N, N, NY-
tris{dimethylaminopropylihexahydro-s-triazine, 3,%-bis{3~
aminopropyl)-2.4.8,10-tetraoxyspiro (5, 5undecane adduct, N-
amincathylpiperazine, trimethvlaminoethvipiperazine, bis{4-
aminocyclohexvylimethane, N,N' -dimethyvlpiperazine, 1,8-
diazabicyclo{4,5,0)undecene-7, atc.

[0034]

Examples of aromatic amines ihclude o~

phenylenediamine, m-phenylenediamine, p-phenylenediamine,

diaminodiphenylmethane, diaminodiphenyisulfone,
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I i 1-4,naphthalene dicarboxylic acid 2,6- naphthalene dlcarboxylic acid 5-
nitroisophthalic acid 5-tert-butyl isophthalic acid isophthalic acid  11:1
1:2U1172 F 200 F100 200 150 180 400 200 400 1150360 ethylacetate
methanol

benzylmethylamine, dimethylbenzylamine, m-xylylenediamine,
pyridine, picoline, o-methylbenzylmethylamine, etc.

Examples of denatured amines include epoxy compound-
added polyamine, Michael added-polvamine, Mannich added-
polyamine, thiourea-added polvyamine, ketone blocked
polyamine, dicyandiamide, guanidine, ¢rganic acid hvdrazide
diamine maleonitrils, amineimide, boron trifluoride-
piperidine complex, boron trifluoride-moncethylamine
complex, eto.

{0035]

Examples of imidazole compounds include imidazole, 1-
methylimidazole, 2-methylimidazole, 3-methvlimidazole, 4-
methyiimidazole, 5S-methyviimidazole, i-~ethylimidazols, 2-
ethylimidazole, J-ethyiimidazole, 4~ethylimidazole, 5
ethylimidazole, I-n-propylimidazeole, 2-n-propylimidazole,
l-isopropylimidazole, 2~isopropy1imidazole, l-n-
butyiimidazole, Z-n-butylimidazole, 1~is&bﬁtylimidazole, 2~
isobutylimidazole, Z2-undecyi-lH~imidazole, 2-heptadecyl-1E-
imidazole, 1,2-dimethylimidazole, 1,3-dimethylimidazolie,
2,4-dimethviimidazole, 2-~ethyl-4-methylimidazocle, L~
phenylimidazole, 2-phenyi-liH-imidazole, 4-methyl-2-phenyl-
1H-imidazole, 2-phenyl-4-methylimidazole, 1-benzyl-2-~
methylimidazole, l-benzyl-2-phenyliimidazole, Ll-cyvanoethyl-
Z-methylimidazcle, l-c¢vanoethyl-2-ethyl-d4-methylimidazole,
l1-cyanocethyl-2-undecylimidazoles, legyanoathyl-2-

phenylimidazole, 2-phenylimidazole isccvanurate adduct, 2-

methylimidazole isccyanurate adduct, 2-phenyl-4,5-
dihydroxymethylimidazole, Z2-phenyl~4d-~methyl-5-
hydroxymethylimidazole, i-cyancethyl-2-phenyl-4,5-di{2-
cyancethoexyimethylimidazole, l-dodecyl-2-methyl-3-
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methanol acetone methanol (Table 4 (cont'd)) Ex.32 Ex,33Ex,34Ex,35
Ex .36 N0.532 -1 933934935 S36I imidazole2P4MHZ 2P4AMHZ 2P4AMHZ
2PAMHZ 2P4MHZ Aromaticcarboxylic acid benzophenone -4,41-
dicarboxylic acid terephthalic acid trimellic acid trimesic acid pyromellic
acid HosHmLdazoF2 i1 1:1 200 1:1

benzylimidazolium chloride, 1-benzyl-2-phenyiimidazols
hydrochleride, etc.
0036 ]

Examples of imidazoline compounds include 2~
methylimidazoline, 2-phenvlimidazoline, etc.

Examples of amide compounds lLnclude a polyamide
obtained by a condensation of a dimer acid, polvamine, etc,

Examples of ester compounds include active carbonyl
compounds such  as  aryl ester and thicaryl ester of
carboxylic acid, etc.

[0037]

Exampleg of phenol compounds, alcohol compounds,
thiol compounds, ether compounds and thicether compounds
include as phencl resin curing agent, aralkyl -type phenol
resin such as phenol aralkyl resin and naphtol aralkyl
resin, novelac-type phenol resin such as phenol novolac
resin, cresol noveolac resin, denatured resin thereof such
as, for example epoxlylated or butylated_ novolac-type
phenol resin etc¢., dicyclopentadiene denatured phencl resin,
paraxylene denatured phencl resin, triphencl alkan-type
phenol resin, multifunctional-type phenol resin, etc.
Further, fri-2-ethylhexyl hydrochloride such as polydl,
polymercaptan, polysulphide, 2-{dimethylaminomethyiphenol},
Z2.4,6~tris{dimethylaminomaethyl)phenol, : 2,4,6-
tris{dimethylamincomethyliphenol, etc. can be exemplified.

Examples bf urea compound, thiourea compound, Lewis
acid compounds include butyiated urea, butvlated melamine,
butylated thicurea, boron trifluoride, atc.

F0038]
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1:1-2201: 2 200 Carboxylic acid (nimoi) 112 220 Imidazole jrnmel) 56
200 220F220 400 Solvent ethyl acetate methanol
methanolFmethanolFmethanol Solvent amount (m1)35 400
1330J12001000 Obtainedamount39.9 Lig 59.5 79.1 61.5 125.0 [ 0057 ]
[Table 5] Ex.37 Ex.38 Fax.39 Ex,40 Ex.41IEx,42 L No.

Examples of phosphorous compounds include organic
phosphine compounds including primary phosphine such as
alkyl phosphine including ethyl phosphine and butyl
phosphine, phenyl phosphine, etg.: secondary phosphine such
as dialikyl phosphine including dimethyl phesphine and
dipropylphospine, diphenyl phosphine, methylethyl phosphine
etc.: tertiary phosphine such as trimethyl phosphine,
triethyl phosphine, triphenvl phosphine, stc.

(00391
Examples of acid anhydride compounds include phthalic

anhydride, tetrahydrophthalic anhydride, hexahydrophthalic

anhydride, methyltetrahydrophthalic anhydride,
methylhexahydrophthalic anhydride, endomethylene
tetrahydrophthalic anhydride, methyviendomethylense
tetrahydrophthalic anhydride, maleic anhydride,

tetramethylene maleic anhydride, trimellitic anhydride,
chlorendic aphydride, pyromellitic anhvdride, dodecenyl
succinic anhydride, benzophenonetetracarboxylic anhydride,
ethyleneglycol big{anhydrotrimellitate),
glycercltris{anhydrotrimellitate), methyvlcyelohexene
tetracarboxylic anhydride , polyazelaic anhydride, etc.
(00401

Further, examples of onium salt compound and active

gilicon compound-aiuminum complex include aryl diazonium

salt, diaryl iodonium salt, triaryl sulfonium salt,
triphenyl silancl-aluminum complesx, triphenyl
methoxysilane-aluminum complex, silylperoxide-aluminum

complex, triphenyl silanol-tris{salicyl aldehydate)aluminum
complex, etc.

{00411}
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537 938 939 840 8411942 1 imidazole 2P4MHZ 2P4AMHZ 2MZ 2MZ 2MZ
1,4-naphthalene dicarboxylic acid F2E4MZ 3,5-dihyrdroxy-1 benzoic acid i
Aromatic 1 carboxylic acid 3,5- dihydroxy benzoic acid 5-hydroxy
isoplithalic acid pyrornellic acid triznellic acid Host : imidazole 2:3 :1 in 1:
1:1 1:1 fi Carboxylic acid 1 (mmol) 200

As for the above-mentioned curing agent, it is
preferred to use particularly an amine compound, imidazole
compound and phenol compound. Among the phenol compounds,
it is more preferred to use a phenol resin curing agent.
10042]

Ag for the method for producing the epexy resin
composition for sealing a semiconductor of the presgent
invention, 1t can be produced by melting and kneading the
mixture comprising each of the above components and other
additives in a given amount with the use of kneader, roller,
extrusion molding machine, etc. at a temperature and time
with which no gelatinization occurs, subseguently cooling
the resultant, and then grinding and remolding the same.
Further, in the method for producing the epoxy resin
composition for sealing a semiconductor of the present
invention, the step of melting and kneading by heating may
be omitted.

The produced epoxy resin composition may be a solid
or in a liguid state, depending on i1ts composition and
producing method, and it is preferred to be a scolid. When
using as a seolid, it i1s preferred that the content of the
inerganic filler 1is 70 to 85% with respect to the total
apoxy resin composition.

[0043]

The amount of the clathrate complex to be used may he
similar to the amount used for usual curing agent and
curing accelerator, and depends on the curing method. In
case of an addition-type curing agent, wherein a curing
agent molecule 1s always integrated in the gured resin by

reacting with the epoxy group, while it depends on the
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200 300240 200250 Imidazole i (m mai) 200 200 300240 200 500 Solvent
acetone methanol methanolmethanol ethyl acetateF acetone + methanol
Solventamount i(m1) 600 230 500300600 F 1000 + 100 1
Obtainedamount 55.0 64.6 95.5158.4F55.254.3 (Table 5 (cont'd)) -
Ex.43Ex.44 Ex_45 --i Ex.46; i Ex.47

desired praoperty of the resin, the clathrate complew is
generally used so that the Iincluded imidazole compound
{curing agent and/or curing accelerator) becomes 0.3 to 1.0
mol with respect to 1 mol of the epoxy group. Further, in
a case of a polymerization-type curing ageant or
photoinitiation-~type curing agent wherein the curing agent
molecule catalytically induces ring-opening of Lhe epoxy
group without being integrated in the resin, and causes
addition polymerization reaction between oligomers, or in
case of uslng as a curing accelerator, the clathrate
complex suffices to be 1.0 mel or less with respect to 1
mol of epoxy group. These clathrate complexes may be used
alone or by mixing twoe or more kinds.
0044]
Other additives may be added to the epoxy resin
_composition for sealing a semiconductor of the present
invention according to need. Examples of +the other

additives include the following: silane coupling agents

such as vinyltrimethoxysilane, vinyltriethoxysilane, vy-
glycidoxypropyitrimethoxysilane, Y-
glycidoxypropyliriethoxysilane, -
methacryloxypropylirimethoxysilane, v

methacryvloxypropyliriethoxysilane, -

aminopropvlirimethoxysilane, y-aminopropyliriethoxysilane,
N-B{amincethyl) y-aminopropyltrimethoxysilane, N-8
(aminoethyl) y-aminopropyltriethoxysilane, N-phenyl-y-
aminopropylirimethoxysilane, N-phenyl- y-
aninopronyltriethoxysilane, ¥~
mercaptopropyltrimethoxysilane, -
mercaptopropyliriethoxysilane, etc.; fillers such as
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Ex.481 INo. 543 2E4MZ trimesic acid 544 2E4M2 pyromellic acid 545
2E414Z irirnellic acid 1 546 2E4MZ 1-4- naphthalene dicarboxylilc acid
547 C171rn 548 : [0171mi itrimellicl acid i imidazole Aromatic carboxylic
acid

cailcium bilcarbonate, light calcium bicarbonate, natural
gilica, synthetic silica, molten silica, kaolin, clay,
titanium oxide, bariuvum sulfate, zinc oxide, aluminum
hydroxide, magnesium hydroxide, talc, mica. wollastonite,
potassium titanate, aluminum borate, sepiclite, xonotolite,
etec. ; elastomer denaturing agents such asg NBR,
polybutadiene, chloroprene rubber, silicone, orosslinked
NBR, crosslinked BR, acryls, core-sghell acryl., urethane
rubber, polyvester elastomer, functional group containing-
liguid NBR, liguid polybutadiene, liquid peolyester, liguid
polysulfide, denatured silicone, urethane prepolymers,
eto. ;

{00451}

Flame retardants such as hexabromocyclodecane,
bis{dibromopropyl)tetrabromobisphenol A,
tris(dibromopropyl)isocyanurate,
tris{tribromoneopentylphosphate, d@cabromodiphenyl. oxide,
bis{pentabromo)phenylethane, tris{tribromophencxy)iriazine,
athylenebistetrabromophthalimide, polybromophenyiindanse,

brominated polystyrene, tetrabromobisphenol A polycarbonate,

brominated phenylene ethylene oxide,
polypentabromobenzylacrylate, triphenylphosphate,
tricresylphosphate, trixynilphosphate,
cresyldiphenylphosphate, xylyldiphenylphosphate,
cresylbis{di-2,6-xylenyl}phosphate, 2

ethylhexyvldiphenylphosphate,
resorcinolbis(diphenyl)phosphate, bisphenol A
pis{diphenvl)phosphate, bisphencl A bis{dicresyliphosphate,
regsorcinolbia(di-2,6-xylenyl}phosphate,
tris{chlorxoethyl)phosphate, tris{chloropropylivhosphate,
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isoprithalic acid Host :imidazole1:11:2-1.:11:11:11.1 Carboxylic
acid (mmol) 480 200 300 200 100 20, Imidazole480 (mmol) 400300
200100 20 methanol methSolventanol methanol acetonemethanol
methanol FSolvent amount i_ml) 800 128 . 0 200 200 650r200 .40 iJ

tris{dichloropropyl}phosphate,
tris{tribromopropvyl }phosphate, diethyl-N,N-bis(2-
hydroxyethyvl)aminomethylphosphonate, alumingm hydroxide
treated with oxalate anion, aluminum hydroxide treated with
nitrate, aluminum hydroxide treated with high-tenperature
hoet water, hydrated metal compound surface-treated with
stannic acid, magnesium hydroxide surface-treated with
nickel compound, magnesium hydroxide surface-treated with
gilicone polymer, procobite, multilaver surface-treated
hydrated metal compound, magnesium hydroxide treated with
cation polymer, etc.; engineering plastics such as high
dengity polyvethvliene, polypropyviene, polystyrene,
polymethyl methacrylate, polyvinyl chloride, nylon-6,6,
polyacetal, polyethersulphone, polyetherimide, polybutvlene
terephtalate, polvether etherketone, peilyvecarbonate,
pelysulphone, eta.; plasticizers; diluents ~such as n-
butylglilyeidylether, phenylglycidylether, styrene oxide, t-
butyvlphenyvlgliycidyliether, dicyvclopentadiene dispoxide,
phenol, cresol, t-butylphenol, ete.; extender;
strengthening agent: coloring agent; thickening agent; mold
lobricant such as higher fatty acid, higher fatty acid
ester, higher fatty acid calcium, etc., inciuding carnauba
wax and polyethyliene wax, sic. The compounding amount of
these additives 1s not particulariy 1limited, and the
compounding amount can be appropriately determined within
the 1Limit that the effect of the present invention may be
obtained.
{0046]

Further, the epoxy resin composition for sealing a

semiconductor of the present invention can contain other
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8 .9, i Obtainedamount ,(g) 86.6 72.4 63.1 39,3 [0058] [Production of
epoxy resin composition] The clathrate complexes of the Examples
were used as curing catalyst, and compounded at a composition rate
shown in Tables 6 to 11, respectively, and the mixture was heated at
reflux at 100C for 5 minutes, cooled and ground to produce the epoxy
resin composition for sealing a semiconductor. The compounding amount
of each composition in the Tables is shown by part by weight. Further,

as €omparatiesexamplescidazels eompopadsthatare aot slatrate e s ins
complex were used to produce similarly a epoxy resin composition for
seafing' aSseniiconatttor at BcoMpositichirate Sifowi in TEBIRIEPYSpHEFL -
flowieshernadbe.fpoxy resin.composition of each Example was tableted,

to mold tablets. These tablets were subjected to injection molding by
uéi%aﬂ%]“ﬁr%des spiral mold and transfer molding machine, under a
condition of 175C at a pressure of 70 Kgf/cm2 for 3 minutes, and their

length was measured.The spiral flow levels were measured for the

initiation fevETakeSthed&del &F€1*96 hdlirs BR80CT and ahé pétentish¥afe the

(%) wasscaleyiated from these levels,(gelation time) It was measured
using a gelation test apparatus at 175C, [0059] ESCN195LL epoxy
eqdiVAfent 195 (Sumitomo Chemical Co., Ltd.) was used for o-cresol

noyQlas.epaxy fesiny: Ral4-4261 OH eduivalent 103 (Gunei Chemical

Industry, Co. Ltd.) was used for novolac phenol, refined granular carnauba
(Toakasei Botirtgbewas ased wamdld lubticant, KBMtO3(Ehin-Etslr  the

Chemieal(0ydd.) wasHsed as coppling agent, and D AealI: B'g“%o 5.
spherical silica (Denki Kagaku Kogyo K.K) was used as silica. [0060]

[TRabsie & E5 49 EXI5 G ERTD IcER BRrEtathratesdmplexeNo 18i52 84685 by the
0ﬁ§%§§@QV9@8&90iﬁdggg&p¥¥32, Example 3 and Example 17, and
gimilar methods. .

[0049]
[Example 2]

To a 3 L-three neck flask, 180.0 g of 5H-tert butyl
igsophthalic acid and 107.1 g of 2-ethyl-4-methylimidazole,
ahd 810 ml of metharel were added, stirred and heated at
reflux for 3 Thours. After coeling, by performing
filtration and wvacuum drying, 201.3 g of the c¢lathrate
complex af 5-tert-butvyl isophthalic acid/2-ethyl-4-
methylimidazoie {1:1} was obtained. The clathration of the
obtained clathrate complex was confirmed by *H-NMR, TG-DTA
and XRD, _

Clathrate complexes of Examples 5, 9, 12, 13, 14, 18,
23, 28, 29, 31, 33, 34, 35, 36, 38, 39, 40, 43, 44 and 45
waere prepared in the same manner.

[005¢]
[Example 3}
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50 100 100 Novolac phenoll50 50 50 Mold lubricantl 2 2 2 2 Coupling
agent 55 5 5 Silica 900 5.926 900 900 900 5.834 Curing catalyst 6.035
5.405 Spiralflowlevelil17.5 (initial value) _ [crn] 1127.2 117.7 155
Spiralflowlevel (30C x after 96 h) [cm, 67.8 85.8

To a 5300 ml-three neck flask, 49.8 g of isophthalic
acid and 300 wl of acetone were added and stirred. Thereto,
33.1 g of Z-ethyl-4-methylimidazole dissolved separately
with 60 mlL of acetone was dropped by heating. After
dropping, the resultant was heated at reflux for 3 hours,
cooled, and then subjected to suction Filtration. By
parforming wvacuum drying, 79.2 of the clathrate complex of
isophthalic acid/Z-ethyl-4-methvlimidazole {1:1) Was
obtained. The <¢lathration of the obtained c¢lathrate
complex was confirmed by ‘H~NMR, TG-DTA and XRD.

Clathrate complexes of Examples 1, 8, 10, 11, 19, 21,
30, 37 and 46 were prepared in the same manner,

o051}
[Example 17]

To a 3 L-three neck flask, 43.2 g of 1,4~
naphthalenedicarboxylic acid and 44.5 g of 2-
undecylimidazole, and 1060 ml of ethyl acetate were added,
stirred and heated at reflux for 3 hours. After coeoling,
by performing filtraticn and vacuum drying, 85.9 of the
clathrate complex o¢f 1,4-naphthalenedicarboxylic acid/2-
undecylimidazole {L1:1} was obtained. The obtained
slathrate complex was subhijected to l.Hd\é’i\'ﬂ?, TG-DTA and XRD
to confirm the clathration.

Clathrate complexes of Examples 4, 20, 22, 27, 32 and
41 were preparved in the same manner.

[00521

In Tables 1 to 5, “2E4MZ” denotes 2-ethyl-4-

methylimidazcle, “2MZ” denotes 2Z-methyvlimidazole, “CllIm”

cenotes Z-undecylimidazole, “2P4MHEZ” denotes 2-phenyl-4-
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61.2 146.5 _. Retentionrate 96h after spiral flow 57.7% 22 11 67.5% 22.6
11152.0%194.5% 28,71, |. Gelationtime 126.1
71 Ex.53 Ex,54 i

[ 00611 [ Table

methyl-b-hydroxymethylimidazols, and “C17Im” denctes 2-
heptadecyiimidazole.

[0053]

[Table 1]

o Bx. 1 | Ex. 2 [Ex. 3] Ex. 4 Ex. 5 | Ex. 6 | Ex. 7 |
s S1 s2 53 84 S5 S6 87
imidazole ZEAMEZ 2EB4ME 2E4AMZ 2E4AMEZ 2EAMZ 2E4MZ 2EAMZ
Aromatic 25 Sfertbutyl | isophthalic | benzophanone- 5 tersphthalic 3,5 .
carboxylic acid | nephthalene | Isophthalic asid 4,4 dicarboxylic  nifrelsophthalc acld i dihydroxy2-

dicarboxytic Acid avi acid | naphthole

acid aoid

Host : imidazole 1:1 1:1 1:1 2:3 1:1 i:l 1:1
Carboxyfic acid 400 810 300 144 800 200 200
{mmaol)
imidazole 400 972 300 288 960 200 200
{mmol) i
Solvent acefone methanct | acefone | ethyl acelate methanol methanol | methano!
Solvent amount 400 BLO 360 315 1200 150 150
{inf)
Obiained 121.2 201.3 79.2 55.9 225.7 46,7 46.7
amaount (g)
0054 ]
[Table 2]

| Ex. 8 | BEx. 9 | Ex, 10  Ex. 11 | Ex. 12 | Ex. 13 | Ex. 14 | Ex. 15 | Ex. 16
No. 58 89 510 511 512 513 514 815 518
imidazole 2MZ 2MZ 2MZ 2MZ 2ME 2MZ 2M7 2MZ 2MZ
Aromatic 2.6 S-tert-puty! benzo isophthalic 35~ trimesic Shydroxy | ‘erephihalic
carhoxylic naphifaline | pirgisopht | isophthalic | phencne acid dibydroxy- acid isophthalic ack
sl dicarboxylic | pajic agig acid 44 benzoic acid

acld dicasboxyic acid
_ acid
Hast i:1 i 1:1 2:3 1:1 1:1 1:1 11 1:1
imidazoie

* Carboxylic 320 400 200 161 375 300 250 1080 246G
acid
{mmof)

Imidazole 320 800 200 322 375 300 250G 100 350
{mmad)

Solvent acelong mathano! acelone acetone methanol methanol methanol mathano! methano
Solvent 8G90 1000 330 210 500 600 500 100 170
amount {ml)

Chbiained o4, 1 133.2 57.4 63.0 78.4 54.3 69,1 21.0 41.5
amount (1)

[0055]
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Ex,55 Ex.56 Ex,57Ex.58 Clathrate complex No. o-cresol novolac epoxy 38
39310 _100S11_ 10031310050 314 100100 100 50 Novolac
phenol 50 50 50 50 Mold lubricant 22 22122 Coupling agent 5 5

[Table 3]
Ex. 17 | Ex., 18 | Ex. 19 | Ex. 20 | Ex. 21 Ex. 22 Ex. 23
No. 517 518 818 | 820 s21 522 S23
imidazole C11Im Cllim CilIm C11im Clliim CiliIm Cl1lTm
Aromatic 1,4 frimesic acld Sefert- isophthalic | irimsllic acid 5- . pyromellific
carboxylic acid | raphihalens butyl acid nitroisaphihaiic | acid
dicarpoxylic isophthatic aci
acid acid !
Host ; imidazole 1:1 2 1:1 LI R B I 1:1 1:1
Carpoxylic acid 400 120 250 200 160 150 250
{mmof)
i Imidazole 200 180 250 200 ie60 150G 250
(mmol) ‘
Solvent ethyl methanol agetone ethyl acetone athy! acelate methanol
scelate acetate
Solvent amourt | 1000 320 250 1000 1000 750 1000
{mi) )
Obtained 85.9 56, 108.C 68.1 64.8 62.9 92.2
amount (g)
{fable 2 (cont’d})
Ex. 24 Ex. 25 Ex. 26
No. 524 S25 526
imidazole Cllim CllIm ! CliIm
Aromatic carboxylic asid benzophencne- | 3,5-dhydroxy | B-hydroxy
4,4 benzcic acid isophthalic
dicarbouxylic acid
ackd
Host ;- imidazole 1:1 1:L 1:1
Carboxylic acid 14.8 150 100
{mmol)
Imidazole 14.8 150 100
{mmot)
Solvent ethyl acetate acetone methanol
Solvent amaount {ml) 30 250 50
Obtained ameunt (g) 7.0 51.5 23.5
[oos6]
[Table 4}
Ex. 27 EBx. 28 Ex. 29 Ex. 30 ! Ex. 31
No. 527 S28 S29 §30 | 831
imidazole 2P4MHZ 2P4MHEZ 2P4MHZ 2P 4MHZ 2P4AMHY
Aromatic carboxylic | 1-4,naphthalene 2.5 5 Sdert-butyl | isophthalic
| acid dicarhoxylic naphthalene | nitroisophthalic | isophthalic acld
; acid dicarborylic acid acld
acid
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55 55 Silica 900 900 900900 900 900 Curing catalyst 7.267 4.572 7.414
1,5.97 5.7547.119 Spiralflow level(initial value) jcmj 43,7 68.7 72.3
175.2 99.8 170 . 0 Spiralflow level(30Cx after 96 h) jc_rn) 33.2 29.8 54,2

~136.576.3170 .5 Retentionrate ofspiralflow after 96 h

| Host : imidazole 1:2 1:2 | 12 i:1 1:2
Carboxylic acid 200 100 200 150 180
{mmet) L .
Imidazole 400 200 400 150 360
{rimol)
Selvant eyl acetate methanol methanel acetone methanol
Selvent amount (mi} 850 200 600 750 500
Obtained  amount 117.4 54,7 113.9 56.5 85.9
(g)
{Table 4 {cont d}}
Es., 32 Ex. 33 Ex., 34 Ex. 35 Ex, 36
No. 532 833 534 535 536
imidazole 2PAMHZ 2P 4AMHZ 2PAMHT 2P4MHY 2P LMHY,
Aromatic carboxylic | benzophenone | terephthalic irimetlie iimesic acid | pyromellic
acid -4 4 acid acld acid
dicarboxylic
zcid
Host ; imidazole 2:1 1:1 1:1 1:1 1:2
Carboxylic acid i1z 200 220 220 200
frmmol)
imidazole 56 200 220 220 490
(mmol)
Solvent ethyl acetate methanal methanel methanot nethanal
Sclvent amount {mi) 35 400 1330 1200 1000
Obtained  amount 39.9 59.5 79.1 61.5 125.0
{g)
[GO5T]
[Table 51
Ex. 37 Ex. 38 Ex. 39 EBx, 40 Ex, 41 Bx, 42
Na. 837 538 539 540 sS4l 5472
imidazole 2P4AMHZ ZPAMHZ 2M7 2MZ 2MZ 2EAMY
Aromatic 3,5 S-hydroxy pyromelic trimellic 14-naphthatene | 3 5-dihyrdroxy
carboxylic acid dihydroxy isophthatic acid acid dicarboxylic benzoic acid
benzols acid acid acid
Host : imidazole Z:3 i:1 T:1 1:1 1:1 1:1
Carboxylic acid 200 200 300 240 200 250
{mmol) ,
Imidazole 200 200 360 240 200 500
{fmmol)
Satvent acetone methanal methano! methanol ethyl acetate aceione +
: ‘ methanol
Solvent  amount 6G0 230 500 300 500 1000 +
{mi) ' 100
Obtained amount 55.0 64.6 95.5 58.4 55.2 54.3
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76 .0%43 . 4% 75 . 0% 48 . 5% 76.5%100.3% Gelationtime .11. 15.9
18.4 20,2 20.2 f24,541.5 [0062 ] [Table 8] Ex . 59Ex . 60 Ex,61 Ex. 62 Ex
. 63Ex . 64 Ex .65 Clathrate complex No, 317 S18 319 320 521 322 323
o-cresolnovolac soxy 100 100 100 100 100 100 100 Novolac phenol 5050
50

(Table 5 {(cont’d4))

i Ex. 43  Ex. 44 | Ex. 45 | Ex, 46 . Ex. 47 | Ex. 48
No. 543 544 545 46 | 847 . S48
imidazols ZEAMZ 2R4M7 2E4AMZ 2HAMZ CLl7Im Cl7Im

4 Aromatic frimesic pyromelfic frimellic 1-4. isophthatic trimetiic
carboxylic acid acid acid acid naphthalene acid acid

dicarboxylilc
acid
Host : imidazole 1:1 1:2 1:1 i:1 11 1:1
Carboxylic acid 480 200 300 200 100 20
(mmal) N
Imidazola 480 400 G0 200 1086 20

{mmol)

Solvent " methanol methanol methanol acaione methanot methanol

Bolvent  amount 800 200 200 650 200 40
{mi) |
Obtained amount | 128.0 86.6 T2 .4 6£3.1 ©39.3 8.9
)

[0058]

[Production of epoxy resin composition]
The clathrate complexes of the Examples were used as

curing catalyst, and compounded at a composition rate shown

in Tables 6 to 11, respectively, and the mixture was heated

at reflux at 100°C for 5 minutes, c¢ooled and ground to

produce the epoxy resin composition for sgealing a

semiconductor. The compounding amount of each composition

in the Tables is shown by part by welight.
Further, as comparative examples, imidazole compounds

that are not clathrate useé to

complex were produce

similarly a&a epoxy resin composition for sealing a

semiconductor at a composition rate shown in Tabhle 12.
{Spiral flow test)
The epoxy resin

composition of each Example was

tableted, to mold tablets. These tablets were subjected 1o
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50 50 50 50 Mo(dluhcant 22 22 2 2 2 oupling agent 5 "ftFff 555555
Silica 900900 900 900 900 900 Curingcatalyst 3.945 3.2613.999
3.4941.3.89 3.899 4.286 Spiralflowlevel (initial value) 156.7156.2

injection molding by using Archimedes spiral mold and
transfer molding machine, under a condition of 175°C at a
pressure of 70 Kgf/cm® for 3 minutes, and their lengih was
measured. The spiral flow levels were measured for the
initiation level and the level after 96 hoursg at 30°C, and
the retention rate (%) was calculated from these levels.
{gelation time)

It was measured using a gelation test appsaratus at
175°C,
00591

ESCN1S5LE epoxy eguivalent 195 {Sumitomo Chemical Co.,
Ltd.} was used for o-cresol novolac epoxy resin, PEM-4261
CH equivalent 103 {Gunel Chemical Industry, Co. Ltd.} was
used for novolac phenol, refined granular carnauba
{Toakasel Co., Ltd.} was used as mold lubricant, KBM-403
{(Shin~Etsu Chemical Co.., Ltd.)} was used as coupling agent,
and DENKA FB-940A spherical silica (Denki Kagaku XKogvo K.K)

was used ag silica.

[0660]
{Table 6} _

Est, 49 Bx. 5O Ex. 51 Ex, 52
Clathrate  complex 51 52 54 55
No,
o-cresol novelac 100 160 166 100
EpOXY
Novaolac phenol 50 50 50 50
Mold lubricant 2 2 2 2
Coupling agent 5 5 5 5
Sitica 9G0 ! g00 900 900
Curing cataiyst 5.926 @ 6.035 5.405 5.834
Spiral  flow level| 117.5 127.2 117.7 + 155
{infial value)
fom] %
Spiral  flow level ! 67.8 85.8 61.2 | 146.5
(3G°C x after 86 h
[em] ’
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157.3150,5 157,2r 168,7 193.8 [cm)
97.81105.2 119.5 145 198.3 1(30C x after 96h) [cml

Spiralflowlevel 94.2 125.2

spiralflowafter 60.1% 80.2% 62.2% 65.5% 76.0%86.0% 102.3% 96 h

Retenfion rate 96 h

after spiral flow

57.7%

867.5%

52.0%

Gelation fime [s]

22

22,

6 26

[0061]
iTable 7]

Retention rate of

Bx. 53

Ex., 54

 Ex.

56

Bx., B7

Ex. 58

Clathrate
complex No,

58

59

Sil

513

514

a-cresol
novolac epoxy

100

160

160

160

100

Novolac
phencl

50

50

50

50

Moid ubricant

&

Coupling
agent

Silica

900

500

900

900

900

200

Curing
catalyst

7.267

4.57%2

7.414

5.97

5.754

7.119

flow
(initial

Spiral
level
value)
[cm]

43.7

68.7

72.3

15.2

99.8

1706.0

Spiral fiow
fevel {30°C x
after 96 1)
icrm]

33.2

29.8

54.2

36.5

76.3

170.5

Ratention rate
of spiral flow
affer 96 &

76.0%

43.4%

75.0%

4B .5%

76.5%

100.3%

Gelation time

(8]

15.9

i8.4

20.2

20.2

4.5

£1.5

{0062]
[Table §]

| Ex.59 | Ex.60

Ex.61

Ex .62

Ex.63

Ex.64

Ex.65

Clathrate
complex No.

517

518

518

T 820

521

522

523

o-cresol novolac
epoxy

106

100

100

160

160

100

i00

Novolae phenol

30

50

50

50

50

50

50

Mold iubricant

2

2

Couniing agent

5

5

Silica

500

900

400

900

500

206

800

Curing catalyst

3.945

3.261

3.999

3.494

3.89

3.899

4.286
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Gelation lime [s] 33.2 33.6i 34.1 38.1 40.3 42.3 58.5 [ 0063 ] [ Table 9
Ex, 66 Ex.Ex,|1 6768 Ex. 69 Clathrate complex No. 327 528529 830 |

o-cresol novolac epoxy Novolac phenol 100 501 100 100 50 100 50 50

156.2

157.3

Spiral flow level | 156.7 160.5 i 157.2 | 168.7 | 193.8
{initial valus} ‘
[orm] :
Spiral flow fevel | 94.2 | 125.2  97.8 105.2 | 119.5 145 198.3
(30°C x after | :
98 h)
[om]
Retentionrate of | 606.1% | 80.2% | 62.2% 65.5% | 76.0% | 86.0% | 102.3%
spiral fiow after
98h
Gelafionfmefs] | 33.2 | 33.6 | 34.1 | 38.1 | 40.3 | 42.3 58.5
(0063}
{Table 91
Ex. . B, Ex.
66 &7 68 69
Clathrate 527 528 529 530
complex No,
g-cresal 100 100 106 100
novoiac epoxy |
Novolac phenot 50 50 50 50
Meld lubricant 2 2 2 2
Coupling agent 5 5 5 5
Silica 3G0 800 9G0 2060
Curingcatalyst | 3.149{ 3.149 ] 4,244 | 4,361
Spiral fow level | 158.5 ¢ 151.2 | 170.5 | 192 .7
{initial vaiue)
[em]
Spirai flow level | 99.8 | 104.8 165  148.8
{30°C x after
a6h)
for] |
Refention’ rate | 63.0% | 69.3% | 96.8% | 77.2%
of spiral flow
afier86 h
Gelationtime s} | 37.7 38 39.8 |+ 43 .4
[0064]
{Table 101
Ew. Ex, 71 | BEx. 72 | Ex. 73
70
Clathrate 531 £3z2 533 534
complex No.
o-cresol 100 i00 100 100
| NOVOIEC spoxy
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Mold lubricant 22 2 2 Coupling agent 55 5 5 Silica 900900 900 900 Curing
catalyst 3,1491 3.149 4.244 4.361 Spiral flow level (initial value) _KITli
158.5 151.2 170.5192.7 Spiral flow level (30C x after 96h) [cm] 99.8 104.8
165 148.8 Retentionrate ofspiralflow after 96 h 63.0% 69.3%96.8% 77.2%
Gelation time [s] 37.7 38139.8

‘Novolac 50 | 50 50 50
phenal |
Moid lubricant Z 2 2 P
Coupling 5 5 5 5
agent
Silica 900 806 306 900
Curing catalyst | 2.8B84 | 7.752 3.765 4.233
Spiral fiow | 172.7 185.0 196.0 184.7
evel  ({initial
valus)
[eml
Spiral flow | 137.2 104 16%.5 i88.3
fevel (30°C x
after 86 h)
o]
| Retention rate | 79.4% 56.2% 86.5% 101.9%
! of spiral flow
{ after 96 h o
Gelation  time 44 47.6 52.1 60
fs]
{00651
{Table 111
Ex. |Ex. 75 Ex.76 Ex.77  Ex.78 | Ex.79  Ex.80
T4 i %
Clathrate 837 538 541 542 543 544 546
complex No.
o-cresof 100 100 100 100 1006 100 100
novolac
apoxy
Novolac 50 50 50 50 50 50 50
phenol _
Mold 2 2 2 2 2 2 2
lubricant '
Coupling 5 5 5 5 5 5 5
agent :
Silica 800 800 300 a00 900 9006 900
Curing 3.092| 3.935 | 7.267 | 4.798 | 5.815 | 4.307 | 5.925
catalyst
Spiral  flow | 182.5 ] 199.7 74.5 98.7 123.3 | 160.8 117
level  (inifial
value)
[em]
Spiral  flow | 122.8 188.5 40 59.5 135.5 169.7 77.2
tevel (30°C x
after 96 h) g
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43.4 [ 0064 ] [Table 10] Ex, 70 Ex,71 Ex.72 Ex.73 Clathrate1S31
complex No. 332 333 334 o-cresol novolac epoxy 100 100 100 100
NcvolacT5050150E501 phenoll 2121 Mold lubricant 1221 Coupling551551
i agent I1 SilicaF900900900900 Ruring catalyst F 2.6847.752 F 3.765

14.233 Spiralflow F 172.7185.0196.0184.7 level(initial value) Jcml
Spiralflow137.2104169.5188.3 level (30C x after 96 h) [cm] Retention

rate79<4%56,2%86.5%101.9%

em) T | '
Retenfion rale | 67.3% | 94.4% | 53.7% | 60.3% ,]09,§%}IGS“S% 66.0%
of spiral fiow ’ g :
affer 96 h | !
Gelation time | 37.8 ‘ 47.2 18.4 24,0 40.1 | 44.2 | 28.6
SN N R ~ |
[00566]
[Table 12]
Comparative Examples
Comp . Comp . Comp . Comp .
Ex. 1 B, 2 Ex, 3 Ex., 4
Imidazole 2E4MZ 2M7 ClliIm | 2P4MHZ
_compound
o-cresol 100 100 109 1090
novolac epoxy
Novolac 50 50 50 50
phenol
Meotd iubricant 2 2 2 2
Coupling 5 5 5 5
agent
Silica 500 S00 300 9SG0
Curing catalyst 2 2 2 2
Spiral  flow| 50.3 | 19.2 121.5 | 153.7
level  (initial
valug)
o)
Spiral flow| 24.5 14.7 G4 61.8
fevel (30°C x
- after 96 h)
fem]
Relention rate | 48.7% | 76.6% | 52.7% | 40.2%
of spiral flow
asfter 86 h
Gelation tme| 11.5 7.6 24.2 32.4
8]
In the Table, H2R4MEZ denotes Z2-athyl-4-
methylimidazole, Y“2MZ” denotes 2-methylimidazole, “CliIm”

denotes Z2-undecylimidazole,

and

C2P4AMHZE"

4-methyl-5-hydrozymethylimidazole,

40

denotes 2Z2-phenyi-




of spiral flow after 96 h [ Gelation time4447.652.160 [0065] [Table 11]
Ex. 74 Ex.75 Ex .76:Ex/7 Ex.78 Ex 791 - Ex.80] C | athrate complex No.
S37 S38 541 542 543544 546 o-cresol novolac epoxy 100 100 100
100100 100 100 Novolac phenol 50 50 2 5050, 50 2 5050 Mold lubricant

2

Industrial Applicability
[oo67]

By using the epoxy resin composition for sealing a
semiconductor of the present invention, it 1s possible to
ensure storage stability of a sealant that is applicable to
delicate semiconductor pathway, retain the flowability of
the gealant when sealing, and to c¢ure the sealant

effectively.
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22 2 F2 Coupling agent 5 5 5515, 5 5 Silica 900 900 900F900900
900900 Curing catalyst 3.092 3.935 7.267 F4.798 5.815 4.3075.925
Spiralflow level(initial value) [cm] 182.5 199.7 74.5 98.7 123.3 F160.8 117
Spiralflow level (30C x after 96 h) 122.8

CLAIMS

I. Method for sealing a semiconductor by using an epoxy resin composition comprising
the following component (A) and component (B):

{A) an epoxy resin

(B) a clathrate complex comprising

(b1) an aromatic carboxylic acid compound represented by formula (I-1)

T ————coom,, @D

(wherein nl represents any integer of 1 to 4; n2 represents any integer of 0 o 4; R
represents a C1-6 alkyl group, nitro group, or hydroxy group); or formula (1-2)

S

Ry h3 {COOH),,, (-2)
K )

S

(wherein m1 represents any integer of 1 to 4: m2 represents any integer of 0 to 2; Ry,
represents C1-6 alkyl group, nitro group, hydroxy group, or a compound represented by
the following formula

7
o T
JF | —=—(COOH}q
\\-ﬂ.ﬁ-}”:ﬁy

(wherein q represents an integer of 1 or 2; *shows a binding position), and
(b2) at least one imidazole compound represented by formula (II)
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188.5 40 59.5 135.5 169.7 77.2 [0066] [Table 12] Comparative Examples
Comp.Comp. Ex.1Ex.2 2E4AMZ2MZ Comp. Ex.3 -- Cllim Comp. Ex.4
Imidazole compound 2P4MHZ a-cresol novolac epoxy 100 100 100 100
Novolac phenol 50 50 50 50 Mold lubricant 2 2 22

(wherein R; represents a hydrogen atom, CI1-C10 alkyl group, phenyl group, benzyi
group or cyanoethyl group; R; to Rs represent a hydrogen atom, nitro group, halogen
atom, C1~C20 alkyl group, phenyl group, benzyl group, hydroxymethyl group or C1-C20
acyl group}.

2, Method for sealing a semiconductor by using a solid epoxy resin composition for
sealing a semiconductor comprising the following components (A) to (C):

(A} an epoxy resin

(B) a clathrate complex comprising

(b1) an aromatic carboxylic acid compound represented by formula (I-1)

- ““"\/ \\
B3 P S
Bz 1 ———m*——fii‘{)(m}m (1-1)

AN
{wherein nl represents any integer of 1 to 4; n2 represents any integer of 0 to 4; R,
represents a C1-6 alkyl group, nitro group, or hydroxy group); or formula (I-2)

Ryshz™ ™ T ICO0H {+-2)

(wherein m1l represents any integer of | to 4; m2 represents any integer of 0 to 2; Ry,
represents C1-6 alky! group, nitro group, hydroxy group, or a compound represented by
the following formula

(OO
.

(wherein g represents an integer of 1 or 2; *shows a binding position); and
(b2) at least one imidazole compound represented by formula (11)
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Coupling agent 5 55 Silica900 900 L900 900 Curingoatalst2 2 2 2
SpiralHow50.319.2 level(initial value) 121,5 153.7 ,{9.11 Spiralflow
level(30Cx after 96 h) 24.5 14.764 61. [cm] Retentionrate ofspiralflow
after 96 h 48.7% 76.6% 52.7%

{wherein R; represents a hydrogen atom, C1-C10 alkyl group, phenyl group, benzyl
group or cyanoethyl group, and R; to Rsrepresent a hydrogen atom, nitro group, halogen
atom, C1-C20 alkyl group, phenyl group, benzyl group, hydroxymethyl group or C1-C20
acvi group); and

(C) an inorganic filler.



40.2% Gelationtime 11.5 7.6 F24.2 32.4 [s]i
IntheTable,"2E4MZ"denotes2-ethy1-4- methylimidazole, "2MZ" denotes
2-methylimidazole, "Cllim" denotes 2-undecylimidazole, and "2P4MHZ"
denotes 2-phenyl4-methy1-5-hydroxymethylimidazole. Industrial
Applicability [0067] By using the epoxy resin composition for sealing a
semiconductor of the present invention, it is possible to ensure storage
stability of a sealant that is applicable to delicate semiconductor pathway,
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séﬁl&y% }ﬁbéﬁ%ﬁﬁo%iti%hSEBWtﬁ%%@#h@%ﬂBWH Lotnporiaty ey rigalic acid,
Sdbﬂ% 1@3;B A e é)‘(iﬁ?@%‘ih%éﬁé@é‘tﬁ?ﬁ B%%@rékf%w@m
Al rBiiaticcATBBkIE A s EBivY aﬁalﬁ‘ebrdegéméaﬂsperéfﬁ%urawdud
a‘( %‘?@?ﬁ P¥presefte Sy Whiteldf of 1 to 4; n2 represents any mteger of

clatrna I%i) @l%égt?g%ﬁ%%'] (Py§§%0U€% mtt%%égéﬂgp%gw %v%uun the

rﬁen S an re sents nltro
(bFlg e roma :c @dzbox I a ; o §o ﬂd c ed 1 3 roup consisting
y%[h W(hxg I 1 ac1 h%]a I et 4( acl bl% | isophthatic

aCl%ﬁ{ nﬁ 150t m tl o %s(%ﬂ halic %md 1me?¥\{tc, d i 1191@510 acid,
i &13 Je' %Er“g @5‘%&% By F‘é’?er?éﬁnonﬁ@’%%‘f Alporstic aci

(&50%) @E’s‘%nghgr(})[lﬁpdﬁg[éz &58&9}8" Eéf@&@&”ﬁ’dxgr%@ Bg&é@ Rﬁi ing of 2-

m@&gg@@&& yerog f.atom, nitro group, halogen atom, C1
group, phenyfgroup benzyl group, hydroxymethyl group or C | -C20 acyl

group). 2. Method for sealing a semiconductor by using a solid epoxy
resin composition for sealing a semiconductor comprising the following
components (A) to (C): (A) an epoxy resin
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( B) a clathrate complex comprising (H) an aromatic carboxylic acid
compound represented by formula (I-1) (wherein nl represents any

integer of 1 to 4; n2 represents any integer of 0 to 4; Rl represents a C1-6
alkyl group, nitro group, or hydroxy group); or formula (1-2) (wherein ml
represents any integer of 1 to 4; m2 represents any integer of 0 to 2; R11
represents C1-6 alkyl group, nitro group, hydroxy group, or a compound
represented by the following formula (j herein g represents,an integer of, . -
;ﬁ}ﬁ‘?}%ﬁdﬁgﬁ%&%@ir%%%%%e%ln o) at It one miBc T elhyL-S

compound represented by formula (1) (wherein R2 represents a

5 Nydrogen Ao, Gidi G4l 3@!»%59‘49&9@%%@%&59{%8’ ]kPgﬁlszlegrgQ&H)o(g{}nsisting of
wianosthy! 9rouR. iR IR BIEPEESER & hydioaen et GiRURid and
pdBIqgRN AR CilfQalkvi goyR, Phenyl group, benzyl group,

ath¥9§%%ﬂ%§ﬁ¥£@5%95&h%e@@yﬂegrwm;}}ﬁﬁ]ﬂ (@.an inorganic fillgr. 3.
Method for sealing a semiconductor according to claim | or 2, wherein the

aromatic carboxylic acid compound of (b I') is at least one selected from
the group coﬁsl@ting g,f«i’,-‘S-dihydroxybenzoic acid, isophthalic acid,
terephthalic aci,d,:%@“‘f'—‘butyl isophthalic acid, 5-nitroisophthalic acid,
5-hydroxyisopfitlialic aeid, timellitic acid, trimesic acid, pyromellitic acid,
2,6-naphthalene d[CarboxyIié acid, 1,4-naphthalene dicarboxylic acid and
benzophenone-4,4-dicarboxylic acid. 4. Method for sealing a
semiconductor according to any one of claims | to3, wherein the clathrate
complex of (B) is a clathratc complex of (hi) at least one aromatic

SR BB RSB REHB It om Yl B CoRSting G benay!
gf:?}szﬁy ; &'Sr@a%raf? oHIATIE g (EPBHh e A S
' fSBphthanc Acid, S HifrolSophtREI actd 5-Rif ST AP o C1-C20

a%¥.r§“é1ﬁﬁ ‘ acid, triresic acid, pyromellitic acid, 2,6-naphthalene
dicarboxylic acid, 1,4-naphthalene dicarboxylic acid and
benzophenone-4,4'-d icarboxylic acid; and (b2) at least one imidazole
compound selected from the group consisting of 2- methylimidazole,
2-ethyl-4- methylimidazole,2-undecylimidazoleand2-pheny1-4-methy1-5-
hydroxymethylimidazole. 5. A clathrate complex comprising at least one
selected from the group consisting of trimesic acid, 2,6-naphthalene
dicarboxylic acid, 1,4-naphthalene dicarboxylic acid and
benzophenone-4,4'-dicarboxylic acid; and at least one imidazole
compound represented by formula (I) (wherein R2represents a hydrogen
atom, C | -C10 alkyl group, phenyl group, benzyl group or cyanoethyl
group; R3 to R5 represent a hydrogen atom, nitro group, halogen atom, Cl
-C20 alkyl group, phenyl group, benzyl group, hydroxymethyl group or C |
-C20 acyl group).
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