1 THERMOSETTI NG RESI N COMPOSI TI ON FOR SEM CONDUCTOR DEVI CE  ENCAPSULATI ON
AND SEM CONDUCTOR DEVI CES 5 FI ELD OF I NVENTI ON The present invention
relates to a thernpbsetting resin conposition for sem conductor device
encapsul ation. In particular, the present invention relates to a
thernosetting resin conposition conprisifpg am ne catal yzed hardeners. The
epoxy resin conpositions of the present invention are also able to

mai ntain good noldability and io reliability after storage at room

tenper at ure THERMICVEISINEIRESIN €OMPOSITION %W%@W N

El ectrical parts such _as capacitors, resistance diodes, as
wel | as integrated ANECAPSYLATRONANDISFMIGQUDYLAORDEVICES ed With a

thernosetting resin. In particular, there has been used in integrated
circuits a thernosetting resin such as an 15 epoxy resin having excel |l ent
heat resist aFdd-R¥ TYQNy esi st ance, obtained by curing an o-creso

novol ac  type epQXDherS&Eéﬁt%ﬁ/&htﬁnnﬁ%ﬁ&a%?é/p@leﬂ}ﬂ_ﬁ&ﬂhéCreEiﬁSj:d?n%fsTti%ﬁ?fﬂrly1 an
integrated circuit sealed in a thernosetting resin is used wdely in
conrerci al efcEEeERGtYr davisguencapsaletion.elne i ¢ prseent dnveptionoFelates i,

thus, offer stharmds@fﬁgﬁegmafna@imﬂ QEhPRRE amlfet DR ARABL N I He &BbAY resin

encapsul ated integr circuits offer 20 sone major benefits interns of
cost, size, SHEmgpfionsyel the Dressricinyedion\ass plseiabietty mamfain gogd apeliabiljty gnd

manuf act y i Nk LRe! FRSRIk ddth ESEANRIEARS IR péddieghiaked circuits in
| arge volunmes and at a |l ow cost is the major drivinhg force for w de

i ndustrial UBAGKGROUNDOKJIHE INKENTEONn encapsul ated integrated circuits.

Consequently, it iFeciRSl pak SudhVas CapaliRs!f RGLERT dodcd, RRRIdIs, 2asf #ell
production cycle together with a |ow or reduced operating 25 cost to

provi de a coffesetedeercpife (o fudithe ke havepbesgretled withny ithegnersiing i In

ther moset t i NEhrfi @ NhBRCIAR VLR USH inhgfatldedrcaitt & UhdihoddindREWuER aPGn
sensitive to tenperature and thus require cold roon1stor%§F to prevent

degr adat i'dn PPXY KB haymersedient hrgt reaisiapcccadgpaipturegasisaicer @taaddy. curing col d

room st or agead QRS abHIR typcePuiy Rbinkath a%io%ﬁgﬁap:b%héiﬁl!@{ésﬁi. in the range of
0OCto 10C, and thus it_can, be seen that 30 considerable energy is expended

to maintain this IPERFELhpRineated sisygscalehise Bigaraspiing reshds aggdgwidelyrin

storage requidi@hBahl HBGHRRRSdchCarRPRIeBhAMnEADhs bRErdNMsCHtARE SFssh t
manuf acturers. Thus, it woul d _be desirable and beneficial to elimnate or
reduce this Reedanpfehiag bissgdhe dipnesshmgress copapyudptedeiateetated cirmuitsrtfeabl e

cost saviNgSsorROmbidf bidekiat i €A 6 cosh PAUKEIBN debrhdite HhPLERAGHiHL Hink
manufact ur erc.:,sai)ability of manufacturing the thermosetting resin encapsulated integrated circuits in
large volumes and at a low cost is the major driving force for wide industrial usage of
thermosetting resin encapsulated integrated circuits. Consequently, it is desirable by IC
manufacturers to obtain a faster production cycle together with a low or reduced operating

25 cost to provide a cost-effective and efficient production environment.

The thermosetting resin encapsulated integrated circuits are known to be
sensitive to temperature and thus require cold room storage to prevent degradation of the
thermosetting resin composition before usage. The cold room storage temperature
required for storage is usually in the range of 0°C to 10°C, and thus it can be seen that

30 considerable energy is expeﬁded to maintain this low temperature range. Consequently,
the cold room storage requirement increases the operating cost for integrated circuit
manufacturers. Thus, it would be desirable and beneficial to eliminate or reduce this cold
room storage requirement so as to lead to considerable cost savings and facilitate faster

production for integrated circuit manufacturers.



2 The invention disclosed in Singapore Patent Application No. 200202092-3
filed on 9 April 2002 (Sum tonbo Bakelite Singapore Pte Ltd) discloses a

t hernosetting resin conposition such as an epoxy resin conposition, which
is able to be stored at normal nol ding roomtenperatures of from about 20C
to about 30C, with 5 mnimal effect on ifs physical properties. The
contents of Singapqre Patent Application No. 200202092-3 are i ncorporated
herei n by cross-rgﬁ@reﬁ’&"@ml%e 13dosid s et PH§RUES| nPalgHposferisatiaychNgs an
epoxy resin 2E0POREH2L] filkd o S AlpAs 2002 (Subditomo MR EingaPork Pt/ SR WiscloSds a

seal ing el ecé’]rical Barts such as. integrated circuits, However, th

. > e
t her moset t i nHPREPHNE BrEoOMROHORY FU) 45 4B §P9%Y T&FIR GpBIsH opaihich 1§ gple to be

Appl i cation $ored G0 26264 Znoldink \tphifi dbthyer@0RE aF Hond hsyie 20 & dant SoW)iwh
hosphor ous. These hal ogen and.phosphorous contai ni ng

contai n hal ogen lg?r%ga ont
flame retard&E C{j%’h PRysicayproplTse i e ORISR SEipFPee AL APRIFaEeT endl y
and a usef ul Nguiodeof0or-3ded @esfporattd halRel hafross@tR@héNi ¢ parts neet the

requi renents of caqpsupers is set out in the Waste El ectrical and 15,
El ectroni c Equip %@ﬁéﬁ“lﬂ&nf&%e%ﬂ%lﬁ%rﬁueh FlaFh rC8etls IS SORRRHEE0 n

El ectrical agigclodeli €t thiznippliEstioh el RHDalikk lcRRERE FATELRKT 3. fdopidd Ves.
Accordingly, .it.woyld be desjrable to provide a thernosetting resin

conposi ti on “EYERH “é?ﬁcreglf’x?e?‘é‘?tawn% 6%&?@?%}?%&%8&% ith §ingapaye, Patent
convent i anal Applaator Mb200Z2092-3 SSiEulIFcohARS Fla6ReRtdAhRAviE 65 AMdgen
phosphorous or, to provide alternative resin 20 conpositions to those known
in the pri or2HRhos RY OF THE | NVENTI ON Accordingly, the present

i nvention pr ?vi desrhleq;en ha1offgéﬂ sdnde phaxghdreand é:oﬁtgmldge&lmewéra@mr e;?é ;hsually
conmposi tion for. sealing of sem conductor, deyices, conprising: (a) an epoxy
resin; 25 ( bSODaldﬁfﬁ@ Hobe ot F’éEF’ﬁm’(‘?H‘iaﬂ}ﬁ &%&%Ycr@ﬁ@ru;eﬁﬂ( gdefQr deteriinipg whetger

cat Sl yst: dandedtﬁﬁ@aﬁgma&uﬁdreq&kﬁﬁénwof{cﬁﬁﬁmkf hds lﬁét@&ﬁn&ﬁlg\%% iEFthrEl\?:/IB{ andret al
oxi de, and a,., conpound repr e e mu -Rl, where Mis a
metal, z%s BHE ?f"ft’f?e'g g@%&i a‘%alg%/’{%f‘o’éﬂfodll m%gs §é15€’6'f'@d" Erestcebadyr oup
consi sting oflebyshioBgipaad (FRAHS)OF:kropdah Chmmually DhRciegr nosetting resin

conposition is preferably suit e for storage at_a tenperature from about
20C to about 30 C* diltc"é'l?“?‘?"? fjlest‘rﬂlélef%?'??%dﬁ a\fhormapetiing re3ip SHHRRAQNY) nay

be oxygen anghcklas an epoxy resin composition which do not require conventional flame retardants
such as those containing halogen and phosphorous or to provide alternative resin
20 compositions to those known in the prior art.
SUMMARY OF THE INVENTION
Accordingly, the present invention provides, in a first embodiment, a

thermosetting resin composition for sealing of semiconductor devices, comprising:

() an epoxy Tesin,
25 (b) a phenolic resin curing hardener;
(c) an amine curing catalyst; and
(d) a compound selected from the group conmsisting of a metal oxide, and a

compound represented by the formula M-Z-R!, where M is a metal, Z is an oxygen or
sulfur radical and R' is selected from the group consisting of hydrogen and C, to Cs alkyl.
30 The thermosetting resin composition is preferably suitable for storage at a
temperature from about 20°C to about 30 °C.
The radical Z in the formula M-Z-R' for compound (d) may be oxygen and R!
may be selected from the group consisting of hydrogen and C; to Cs alkyl.
The metal M in the formula M-Z-R! for compound (d) may be selected from the

35 group consisting of an alkaline earth metal and other metals. The alkaline earth metal



may be selected fromthe group consisting of hydrogen and Cl to C3 al kyl .
The nmetal Min the formula MZ-R for conpound (d) may be selected fromthe
35 group consisting of an alkaline earth netal and other netals. The

al kaline earth nmetal 3 nmay be selected fromthe group consisting of

cal cium magnesium strontiumand barium The other netals may include

al um numand iron. The fornula M Z-R for conpound (d) may include netal
hydr oxi des afay hetselected Zomede igneIpLRnpigfing Ofi GSHID X imeRENesHmy nisHORUAY dengki de,
magnesi um oXpimANthe hcl RRARShAY TG Mith i LRFRQUND (d) of the

t hernosetting resin conp05|t|oq present invention nmay also be a

fl ame retardant whiheHormdaMgR é@mompﬁmﬁeﬂdbgéﬁmu%mfﬁlhﬁﬁl@ﬁlﬁes Flemetploxy
resin (a) myile RESRRRY Ain@ARmAWRIL! MMim@RAYhyR¥ke, %li’é 1‘%9 %RYe Wi ght
based on the total thernhosetting resin corrpos&(l on, pre era y a out 5% to
about 105 A5meSTwsiumdwErsidst er abl y about 5% to about 40% still nore
preferably about J(Q)ﬁiﬁoﬁn@?d%‘ﬁf tﬂ@ﬂaé&‘m&%ﬂuhé réEB{ %ﬂﬁ&ftﬁﬁ%@'tﬁ{e Bﬂé&'ﬂf invenfdn®
about 40 % still nore prefera abou 5% t 0 ‘about 40% " st f nor e
preferably a@e’m@lSQb% ﬂmam@mw%chéwsmot eryitan halegeaon phgsphegpesut 20% t o
about 35% still I Ol 0

preferably about 20% Po )g{)ouggz%%o by we Se%glﬁ;&basegy%ﬁ]éﬁtg@esg% Lﬂ}ou@ﬁ‘% by

t her noset t i nyeigbishased arsthe detplobermossitingrieainspmpgsitians prefarably Aegut 5% t@ abowpound
contai ni ng t k3,08, HBF@P%&?&HIPQIJ&E 3YPR auom b%, SRl ﬁﬁl-la' Befdr i boUer%pfaxy

resin (a) may Inciude two or nore epoxide groups, for. exanple, a cresol

novol ac type2bepb4y 7o s8N morEpicfaiably abouaéﬂ%ﬁmh% épc%v sttﬂommlmefe@ly@@m

7CH2 OCH2CH {342 1 abdirons Gt 2iBrel frERrably! Mot B8 't@aﬁbut aoe%nsﬁlﬂhsﬁ‘jﬁeﬁfab R 10
and each R is inde endenflg5 an atom or E%‘y_oup sel ected ’fromoﬁ/ rogen,
®

hal ogen and ﬂ?‘i’“ﬁﬁ%ﬂ toggteu 35 %hatilk ok predasphly (@hyutraffs tie shew30e sl more

di cycl opent £ o ol
(13 oae CHa%a %ﬁlﬂﬁt 209 £b%ﬁt L Bs% tgpwigmabdséa o She MM BEloHing Rosfr
i5 COmPposItion

The epoxy resin (a) may be a compound containing two or more epoxide groups
in its molecular form. The epoxy resin (a) may include two or more epoxide groups, for
example, a cresol novolac type epoxy resin (Formula I) as shown below:

Formula (I)
OCHZCl;IC?CHz OCHch —CH, OCHszjO—,CHz

R©_(CHZ Rw/j\ cn—T )

wherein n is an integer of 0-10 and each R is independently an atom or group selected

20

from hydrogen, a halogen and an alkyl group.
The epoxy resin (a) may be also be a dicyclopentadiene type epoxy resin
(Formula IT) as shown below:

25 Formula (II)
OCH,CH—CH, OCH,CH—CH, OCHZCH —CH,

OO OO0

wherein n is an integer of 0-10 and each R is independently an atom or group selected

from hydrogen, a halogen and an alkyl group.
The epoxy resin (a) may be also be a biphenyl type epoxy resin (Formula IIT) as
50  shown below:

Formula (1)



O- _I , - -1 1 wherein nis an integer of 0-10 and each Ris

I ndependently an atom or group selected from hydrogen, a hal ogen and an

al kyl group. The epoxy resin (a) may be al so be a bi phenyl type epoxy resin
(Formula 1'l'l1) as 30 shown below. Formula (I1l) 4 H2 HCH2O OCH2CH CH\ O R
R R R wherein R is independently an atomyor group selected from hydrogen, a
hal ogen and an al kyl group 5 The epoxy resin (a) may be al so be a bi phenyl
aral kyl nodified epoxy resin (Fornula IV) as shown below Fornmula (1V) 10
wherein n is an integertof R-B and each Ris I ndependent|ly an atom or
group selected from hy nal ogen and an al kyl group. The epoxy

groegen, /2
resin (a) nayh®eCdCHd -4‘6 ' DH&CH“WM onal type epoxy resin
(Formul a V) as &hown belswK Foni a (V) fQ,OCHZCH ~H OO0CH2C -CH2 O
wherein n is an integerRof B-H) and each R is independently an atom or
group selected from.hydroge a_hal ogen an | kyl ., grou The epox
resin (a) navgﬂgmgﬁgﬁm%%mg&ﬂg%ﬁ?ﬁ PbﬁggPybgggﬁ%fﬁx?é&?ﬁﬁWag@ﬁ?g§5M%fﬁyshown

bel ow: alkyl group.

5 The epoxy resin (a) may be also be a biphenyl aralkyl modified epoxy resin
(Formula IV) as shown below:
Formula (IV)
OCHzcl'\!‘-}CHZ OCHzcti_/CHz
o R o

10 wherein n is an integer of 1-11 and each R is independently an atom or group selected
from hydrogen, a halogen and an alkyl group.
The epoxy resin (a) may be also be a tri- or multi-functional type epoxy resin
(Formula V) as shown below:
Formula (V)

15

N/
o
R )\| 0O R R 0
Cavas i me®
R " R
OCH,CH—CH OCH,CH—CH
2 \/ 2 2 \o/ 2

H CH,CH—CH —
OCH,CH~CH, j’\z H—CH,  OCH,CH—CH,

wherein n is an integer of 0-10 and each R is independently an atom or group selected
from hydrogen, a halogen and an alkyl group.
The epoxy resin (a) may be also be a naphthalene type epoxy (Formula VI) as
20  shown below:

Formula (VI)



Formula (VI) 5 H2C7CHCH20 TT-OCH2ZCH CH2 ORRRO HC CHCHz
oCHZQL /CWV2 OO R R wherein Ris independently an atom or group sel ected
from hydrogen, a hal ogen and an al kyl group. The epoxy resin (a) may al so
i ncl ude ot her conpounds and/or polymeric 5 structures which contain two or
nore epoxi de functional groups. The epoxy resin (a) present in the
thernosetting resin conposition nay conprise a single epoxy resin or may
al so conprise two or nore epoxy resins with the above- nentioned
characteristics- Wien there are two or nore epoxy resins, the total anount
of epoxy resins present in the thernobsetting resin conposition may range
fromabout 5% to 10 about 50w % based on the total thernosetting resin
conposition, preferably about 5% to about 45wt % nore preferably about
5% to about 40% still nore preferably about 10% to about 45 % still nore
preferably about 10%to about 40 % still nore preferably about 15%to
about 40% still nore preferably about 20%to about 40% still nore
preferably about 20%to about 35% still nore preferably about 20%to
about 30% still nmore 15 preferably about 20%to about 25% by wei ght based
on the total thernosettirg resin conposition. The epoxy resin (a) may be
used in an anmount of caboyt 0/8 tg about 1.3 times the epoxy equival ent per
hydr oxyl group equiva e total phenolic resin curing hardener
present in conponent ( t hernosetting resin conposition. The epoxy
20 resin (a)HgxyBeCOed Tn ar an@@miChofCHE. 0 to 1.3 tines the epoxy
equi val ents pero hydroxyl r grup gquioh{ent of the total phenolic resin
present in compopent ti resin conmposition. 6 The
phenolic resin cﬂgg(a&%%P‘. é?%%ﬁé\ég Xy resin conposition nmay have
a softening tenperature ra bm abouf 50C to about 170C. The phenolic
resin curing hardener (bR7i eRnosetting resin conposition may al so
have a R R

wherein R is independently an atom or group selected from hydrogen, a halogen and an
alkyl group.

The epoxy resin (a) may also include other compounds and/or polymeric

5 structures which contain two or more epoxide functional groups.

The epoxy resin (a) present in the thermosetting resin composition may comprise
a single epoxy resin or may also comprise two or more epoxy resins with the above-
mentioned characteristics. When there are two or more epoxy resins, the total amount of
epoxy resins present in the thermosetting resin composition may range from about 5% to

10 about 50wt% based on the total thermosetting resin composition , preferably about 5% to
about 45wt %, more preferably about 5% fo about 40%, still more preferably about 10%
to about 45 %, still more preferably about 10% to about 40 %, still more preferably about
15% to about 40%, still more preferably about 20% to about 40%, still more preferably
about 20% to about 35%, still more preferably about 20% to about 30%, still more

15 preferably about 20% to about 25% by weight based on the total thermosetting resin
composition.

The epoxy resin (a) may be used in an amount of about 0.8 to about 1.3 times the
epoxy equivalent per hydroxyl group equivalent of the total phenolic resin curing
hardener present in component (b) of the thermosetting resin composition. The epoxy

20 resin (a) may be used in an amount of 1.0 to 1.3 times the epoxy equivalents per hydroxyl
group equivalent of the total phenolic resin present in component (b) of the thermosetting

resin composition.



softening tenperature in the range of about 55C to about 165C. The phenolic
resin 5 curing hardener (b) in the thernpsetting resin conposition may al so
have a softening tenperature in the range of about 60C to about 160C. The
phenolic resin curing hardener (b) in the thernosetting resin conposition
may al so have a softening tenperature ig the range of about 65C to about
155C. The phenolic resin curing hardener (b) in the thernosetting resin
conposi ti on may al B pheydicaesip furang hgdener (W nivethat enosy riasigi spnposiion abaut 70C

to about 150 | - b 1 bl bout
(o o o SEYYH SUBARY i BBR: Sl 8oy SHEER RIPLRFED i

preferably aksi cgBg hydeisob) IBE, thsrrasssitian ypsinomposiio may alsoutave 25C,
preferably a%n%qa@amaqﬁe Jaagecof Gt BANQ! dpGut f¥bA. CHhL Bﬂﬂlﬁﬁé Qe%ﬂ\er (b)
0 0.1 to abo t ta

may be in an anount about ibout 15 50wt % based on“the tot
phenol i ¢ #esFingohgsdases (Wrin thhtepmspng ¢esite spmpasition rmashalsel daes a spfdningay

alsobeinan;ygpd Of . o) %o Praf.e to
about 30 vvtg}f; m)rugE lﬁet?%r?%%y&a%autt 6(?@?%& g[?‘)éo?l‘fj\?légéﬂvw %ﬁ%@lr)gc g%gfg?%lﬁsy
about 1 to abwdener 2hntinothentieangseiing rigtinycommeaition may slwuthatd e soffening e
preferably apgitferaburt Gn Qp@%gelo%(gﬁt PP LIsfE N3 Y 'ﬂ%g%ﬁeng!lié Qesﬂ'pg‘%i{i{gs\m %

based on the total r@he_nol Ic-resin curing 20 agent conposition in tf
t her moset t i nhardensy (b daptisi thepmpsetiing 1g%iB nednipesities i may: Lalfon davearad epReningb) i n

the t her nps eidupdfinir® Sl ORRR Shérk ec TRYpERBHC GrlfBlatiy! b3tk i BNRAEL | C

resin curing h en nore tch\an one p eri§:||c PRsin curi ng har dener
(b) is enpl o}#dG pretesably $EEite abdup 14576, priaferabbisE°Cite gbque $4G47C, prefopabdy $6°6n,

they can be, f fouftanep) efe&siyeaﬁmcb_sfocqmawﬁlsédaf@mgée}%ﬁmgg%w%@ic RheBe 25

novol ac resins, cresol novol ac resins, copol yner
di cycl opent ad?¥kermsarbly daqut 158R90 abeut 126fGis and phenol novol ac resins

and/ or cresol novohRGhERsHc Qthi‘:in culPiﬁé BXERP ) n{_lﬁgr‘i)iefiﬂ SORBAOH HGuf (?.fsiona%oﬁtnd

bi phenyl aral kyl nodi'fied phenoliC resins.” The amne curing catalyst (c)
may be priésed®Wi'nbaspd anBgretalatheatlisuesipempgsition. Biscnbendlicqesin purins hghdentras ed

on the total (el hLYMLTh binBiht bPatRt 6836 hssht hw@/,?r&@ﬂﬁ NBbut St Beh 1 N
A tf’u amn

the thernosetting resin conposition. ratio o curing catal yst

(c) to the pA@NdYs &ors peefanbiviabrit 1ntayabbet 25 witeamotst prefigably asitl ®HpuOr e
Tooh stil] mosavs Mo Trp Ao areal’) 5 b (R0t TR TR0ty B0H 1 oot
pref erably ab@wto, 3oere prefsaily atfog 119 abadweve basadrmy thetotd! phenglic resimyuring an
am ne. Curh oLl Afpbintflliile inpmfRBARL RsindanBbsifigACt I NG Wi th the phenolic
0 e phendtic resin oung hardener (5) in the thévmosstting resin wompositi
p g ner (b) in the thermosetting resin composition
may comprise more than one phenolic resin curing hardeners. When more than one
phenolic resin curing hardener (b) is employed in combination in the thermosetting resin
composition, they can be, for example, selected from the group consisting of phenol
25 novolac resins, cresol novolac resins, copolymers between dicyclopentadiene-modified
phenolic resins and phenol novolac resins and/or cresol novolac resins, paraxylene-
modified phenolic resins and biphenyl aralkyl modified phenolic resins.
The amine curing catalyst (¢) may be present in an amount of about 0.05% to
about 1.0% by weight based on the total resin composition to be reacted into a hardener
30 resin in the thermosetting resin composition. A ratio of the amine curing catalyst (c) to the
phenolic type hardener may be from about 3% to about 30%, more preferably about 3% to
about 25%, still more preferably about 3% to about 15%, still more preferably about 3%
to about 10% and yet still more preferably about 3% to about 7%.
The amine curing catalyst (c) may be an amine curing catalyst which is capable

35 of reacting with the phenolic resin curing hardener (b) to form a catalysed phenolic resin



har dener- Suitabl e exanples include primary am ne catal ysts, secondary

am ne catalysts and tertiary am ne catal ysts. Sone exanpl es incl ude
benzyldi et hyl ami ne (BDMA) and 1, 8-Di azabicyclo [5,4,0] undecene (DBLT).
The conpound (d) of the thernbsetting resin conposition is selected from
the 5 group consisting of a netal oxidey and a conpound represented by the
formula MZ-R, where Mis a netal, Z is_an oxygen or sulfur radical and
RL is sel ect Badeepm t Ruitapleo upramplss s iaglpdegprsnanyyaming eatalysis. esconderCagiing ky| |
The netal OXpARyWiagd My duihé RaGRNROUSInd @}armasslefudé "behdYfdibBf gﬂﬁﬁﬁttl ng

resin conp05|t|on of the present invention may I nclude netal oxl des where

the metal i s(BIiMAééﬁl‘bbgéha@P'SYﬁl%W fflmdesered4PBN)net al , a transition metal
or other netals. THR Qhshid\@) %@Eﬁehha%{oéémﬁ@yesin@ggﬂﬁ d&% i Cletiled TREDARI UM

stronti um and barium The transition netal e I ron and al um num

Exanpl es &f &CRRFonsistiag Pt nmetl axideand @§om@emﬂd@preaﬁnmwh¢ &emats McARG um
oxi de and MegREsivI® ¥l Z e SQBRPHAIAM GidRal mvg s@ﬁ)fteﬁ‘ﬁrom gergpeaynd (d)
present in the |s thernposetting resin composition o e present

i nvent i on, whRMsiEtg ofdiydrogen aiid Cizo CsalkWl. oxygen or sul fur radical and Rl i s
sel ected from t he BeOUR.COMM Shichns fo%%aq,%ﬁncﬁnﬁ ;&semt @ ﬁﬁé tﬁédsxé
i ncl ude conmpounds where Z is oxygen and Ris C, gen
The al kal i neresi@rqompagtien ofthy pPresdirt inyenticn @mmcmqlagw@@ wwlps SVthTGﬁh‘? mmahwd

barium The {dRRAI fdAn Tafthe BB hBGI, YARLEOR nftffl oRloHiZl Méls. 29nd BRalkRTPOUN
MZ-R preferably includes conpounds selected fromthe group consisting of

al uni num oxi epsth igtal maydnstedzecraloiamy sagnesijine SToRiumy enddariae. dhe transifénsanstaim

oxi de. Wen g {6l ahd aBuclREA! B¥dnfes b SUAHRUBIH BRI oRbe cnhﬁ
generally higher than that used for the correspondi ng netal hydrox The
amount of al ¥HRHEM oxde, ealeiga oxide apbmagngsign axide n the range of about | to
about 99wt % aboutThe t&n ytN9g$g@mh@Qon 14,0 ﬁﬂkdg PescP Ot k> tO
about 90wt % about 20 toﬁg%out 90w % abou 25mf@6 abgﬂﬁﬁgngYo about
30 to abdéit HOTMRSHHIng B copmposigon 96 the mewnbinvaRisn: wheret is apoetel, G0kt o,
about 45 to aBRHL oA RadRRCHE FBGs {efocRRFYm 8{3"& &Qﬁéﬂngﬁ h @rogéfngi C, 90V %
about 60 to about 90wt %  about 65 to about 90wt| /o, about 7 out

oowt "/ O, 30 nbutlkyb may nplute coppgungs shew Z dowryscs and Rboéh todve alkylier

anot her pref gydredn. eriROMi RS learti@ il THAY R%idE oRlciviB IRGRELHH Ot HBufBMDE
used as flane re ardants in the conposition of thé present invention. Wen
t he conpoundb3rygn. @heéfaﬁ%mmﬁyldnwn%}bdmf%ané@im@am (d) may be present

20 The compound M-Z-R! preferably includes compounds selected from the group

consisting of aluminum oxide, aluminum hydroxide, magnesium hydroxide and
magnesium oxide.
When compound (d) is a metal oxide, the amount required may be generally
higher than that used for the corresponding metal hydroxide. The amount of aluminum
25 oxide may generally be in the range of about 1 to about 99wt%, about 5 to about 99wt%,
about 10 to about 95wt%, about 15 to about 90wi%, about 20 to about 90wt%, about
25wt% to about 85wit%, about 30 to about 80 wt%, about 35 to about 90wt%, about 40 to
about 90wt%, about 45 to about 90wi%, about 50 fo about 90wt%, about 55 to about
90wt%, about 60 to about 90wi%, about 65 to about 90wt%, about 70 to about 90wi%,
30 about 75 to about 90wt%, about 80wt% to about 90wt%. In another preferred
embodiment, aluminum oxide or magnesium oxide may be used as flame retardants in the
composition of the present invention.
When the compound (d) is a metal hydroxide, the compound (d) may be present
in an amount of about 1% to about 20% by weight based on the total thermosetting resin

35 composition. When the compound (d) is a metal hydroxide, the compound {d) may also



i n an anmount of about 1% to about 20% by wei ght based on the total
thernosetting resin 35 conposition. Wen the conpound (d) is a netal

hydr oxi de, the compound (d) may also 8 be in an amount of about 1%to
about 15% by wei ght based on the total thernosetting resin conposition.
The conpound (d) may still be in an anougt of about 3%to about 15% or
about 5 to about 15% or_ about 7% to about 15% or about 10%to about 15%
or about 10b% BEngsEuNt afalowy] %ase ghrut Bkl waichhbesedpalthe total Mipsmoseiting r esi n
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thernosetting resin conpositio of e’ present | nvention. e amount of

t he i norgani gS%siqf labgut 5dg abauy &8¢ ortaheutTgmivcabadt 1589, or abray 1196 tpatmab hi%.iar an

armount of ab Py ' : .

t her noset ti nég&%tegfla/%oz%ﬁ%tg%% ?ﬁ?‘@%%ﬁ%‘?@%ﬁ Pd?&%ﬂ?(%gtrn h? %an%tfglg B?lu?rhe

conponents (d) may Adeinoigania fillerrfelmey dso keyueteni5iothe thermlosaitingdesisn bympasitipint

based on the t tf ' § L ' icfiller
ofitRY ﬁljesetnpﬁ%ﬂ?%g) %nggn@tﬁﬁ bft ;Lgnoggﬁ&%esen %etr ;(eg,negc%% Thd AAIAMH @),

(e) except the conponent n -~ anoun out
50% t 0 aboutm#0bs BiEseRs iyt arpews @f elput HB%et to tabputt8SH by et glit ihgsedengii the total

conposi tion. | : r £t hey | i '

coggonent (dghé?%ds%)¢lgés§%i? ca@hgﬁ%&é‘?n%%%tg fg%@@{il 8{1 ej %%g/%t'&lge) cgﬁ@ﬁn?&%&cb/o ? l?\%/ei ght

based on t heintagagountind abhay 60%;te gbaus §0% byrmight baseil on thelstaliberorogetiing tesina
econd enpodi s [ | ' ' .

S mpodi LitiGh. ﬁﬂé%&éﬁ?ﬁ?gﬁ'(@;&{a&%%%cﬁﬁﬁ&t G Ige{}péfi'llqﬁdpr@sent inen

seni conduct or devi ce enca _ Setti’ng "resin composi
t he present ameyabaf pbaut SAkctor diont7¢% by whightdbased oulithee fetal dhermbesttngerseint

i nventi on, t&%{p%si!t@n.th@lvﬂrgﬁgbgvbtsﬂé‘g%&g%ﬁ{]ggerREPQ&Sﬂt%n%lrﬁﬂ%ﬁéﬂm%tsE:H%&ﬁgesi n

conposi tion conprising the st ting ap I'C resi’n curl

har dener havinrag agougfiof abnus §0%derplequa 7O &y veniglit ggﬁcd pn Smtelldhern®eeting wsiabout
170" C in a r&agefiot.0 a temperature of about 190'C to about 200" C, adding
an amne curing catalyst to the reactor to forma catal ysed phenolic resin
curing hatdener; dgorgmedo gseqoiil sabedimentatdhs presenp eemioncthersds proyided ag

har dener Wi t Q20 8RWVES bikafiihid byF@PRR &eﬁﬁg %‘shﬁ&hnigf Sibd Bﬁm@r PddBh
consisting of a netal oxide, and a conpoun repr esent 8 y the Pormil a

M Z-R, whelfgemprs a netal, Z is an oxygen or sulfur radical and Rl is
selected fromthe S : .

DETAI LED DESCRI PTI%%#%EWE@F%V&#%QF %ﬁ?%?‘?gn‘r%g% e ¥ fibhicedd

cat al ysed harefbpdfor prdugipga theenespiiag rdsingrompasifion comprising the steps of:

20 e heating a phenolic resin curing hardener having a softening temperature ranging

from about 50°C to about 170°C in a reactor to a temperature of about 190°C to about
200°C;
. adding an amine curing catalyst to the reactor to form a catalysed phenolic resin
curing hardener; and

25 . blending the catalysed phenolic resin curing hardener with an epoxy resin and a
compound selected from the group consisting of a metal oxide, and a compound
represented by the formula M-Z-R', where M is a metal, Z is an oxygen or sulfur radical

and R' is selected from the group consisting of hydrogen and C, to Cs alkyl.

30 DETAILED DESCRIPTION OF THE INVENTION
The phenolic resin used in the catalysed hardener for the thermosetting resin
composition may be a phenol novolac (PN) type resin. The amine catalyst may be 1,8-
Diazabicyclo [5,4,0] undecene-7 (or DBU) and is reacted with the PN hardener matrix
and typically is only mobile when temperature rises above the hardener softening point

35 through the application of heat,



conposition may be a phenol novolac (PN) type resin. The am ne catal yst
may be 1,8- Diazabicyclo [5,4,0] undecene-7 (or DBU and is reacted with
the PN hardener matrix and typically is only nobile when tenperature rises
above the hardener softening point 35 through the application of heat. 9
The phenolic resin curing hardener (b) ngy be represented by the formla
(VI'1), which is a phenol novolac type reSin as set out below Formula
(VMI1) 5 OH OH R " I%G\R}lﬁﬂ@?»i rogirepwsing hardegerafp) i mex der rapfeséntdd) tyntheefiomuR i s

i ndependent | .ogen atom a hal ogen and
an al kyl group éﬂmﬁ&hggggaﬁéﬁs%gg@f%%gﬁ% éggesultlng t hernosetting
resin conpostmmﬂaﬁYﬂh good nodul us and processibility. 10 The origi na
softening tenperature of the phenolic resin curing hardener (b) nmay be
from about 50C tg, about 170C. Theyphenolic resin cyfing hardener (b) nay be
present in an anpunt of about O. 1 to about 50% by peight based on the total
phenolic reBi resin conposition.

Al so, one or rdeners (b) nay be
present ifu conbd i n the t heEriosetting 15 r n conposi tion.

regard to th | nd f.dhe epoxy- r.esin to the total oI|c
resin curi n‘g l% eners %% Og(r?l)dlotar)% a?lﬁg léd%ﬁs&?e’}déi‘?yn“( P, Qn ST ffgeé’gegl n an
amount of abﬁmnh@&@g@DMmabdumnﬁn3mhmnﬁ&ﬂgqumvalents per hydroxyl group
equi val ent of the tal. a nt_ o [ S|n .hardener (b) and
(c). 20 An exanpl élt hgfc Tan Eitnr)n‘hlerﬁlgr IBPFE ﬁ%éﬁsg Vet %SaHﬁ“ﬁ CWP@F@BE&?%% ng
resin conpqgwdmmﬁub&amhpnpmébémﬂ |nvent|on is 1,8- Di azabicyclo [5, 4, 0}

gg?ﬁﬁ?ge ( K/I I( IIZ);BU)Z 5 Thvw&h%ﬂaf s%ﬁer%ﬂé Eamefsera € Qy the ﬁenollc re:gvI N ardene? xgn beI ow.

be from about 50°C to about 170°C. The phenolic resin curing hardcner (b) may be

present in an amount of about 0.1 to about 50% by weight based on the total phenolic

resin curing hardener in the thermosetting resin composition. Also, one or more types of

phenolic resin curing hardeners (b) may be present in combination in the thermosetting
15  resin composition.

In regard to the blending ratio of the epoxy resin (a) to the total phenolic resin
curing hardeners (b) and (c), the epoxy resin () may be used in an amount of about 0.8 to
about 1.3 epoxy equivalents per hydroxyl group equivalent of the total amount of
phenolic resin curing hardener (b) and (c).

20 An example of an amine curing catalyst used in the thermosetting resin
composition of the present invention is 1,8-Diazabicyclo [5,4,0] undecene-7 (DBU),

which is represented by formula (VIII) as shown below:

Formula (VIII)
%N

DBU typically acts as a catalyst or an accelerator for the reaction between the epoxy

25

group of the component (2) and the hydroxyl group of the phenolic resin components (b).

'The DBU may be reacted into a phenolic resin curing hardener (b) in a pre-determined

ratio of about 3% to about 30%. The softening point of the resuitant modified phenolic
30 resin curing hardener is typically between about 120°C and about 180°C.



DBU typically acts as a catalyst or an accelerator for the reaction between
the epoxy group of the conponent (a) and the hydroxyl group of the
phenolic resin conmponents (b). The DBU nay be reacted into a phenolic
resin curing hardener (b) in a pre-determined ratio of about 3%to about
30% The softening point of the resultang, nodified phenolic 30 resin
curing hardener is typically between about 120C and about 180C. 10 |If the
sof t eni ng t enper atliithe softeninmtemperaturaef thoBsnitait IR mavifiesl phenokis resin & | ower

than 120C t hga,epﬁmhqagﬂé E{éﬂ%%&ﬁ%@ﬁ&é@%&@@%ﬁmﬁ% ik ﬁlkggkts Y bR

achieved due to t eactivit erature of the
resul tant DBineniedhe ibish Temﬁléﬁbl If dher godieping Jempagature aflthe res8lvamt (ORU nglified| | i ng

property cap@{yﬂ@(&% Iyesﬂl% fm@lh; Eraﬂslfasfc ey ﬂmﬂg pképlgh# kcﬁé]asugg fiag?éaﬁ&ééed due

to the high %@ e noul di ng conpoun turirng
pr ocedur es of mpyldingns kkelyctatbglaghiengd Hue Weheligh viseostty bf hamogldiny wopdunde i s

preferred. Firstlyg, Eﬂ%%ﬂﬂ%%h 0?‘?%"{%? gﬁ%lh q&é%?aggﬁg%%%tﬁénfl%%ofoaa%srhﬁeat ed

having a softening point rangi
in an agitat Erécedn@al@mmferred Bissilyt the pbenalio resroenringd@denent (b), tyticaliythaving a

phenol | ¢ esidhefll ey NS0 Son" B S-CTH bdly 0%, AL 1 SALALYS!

such as DBU, ran out har ener wel

cont ent, V\/asre@ﬁfeqiosab@w 190%@@0@@00?@%@1@ ﬂpﬂ'(énmllcaemsunm&harqu had
hardener ' ﬁel?te to 30 mnute tine duration. After all the am ne curing

cat al yst suc DBU was added to the reactor, the whole m xture was kept
in the reactor forTbaaBmetCaml&GaI@Y%@Wb@WUlmng&mabwaﬁﬂﬁ@absutB@%Qstbout 2

hours) at a #£im ‘3{ %{g{fc&ﬂ&ﬁhwﬁéaﬂleﬁaéi@ﬁéfz{dﬁenocf‘ﬁf%”fneﬂeﬁo&eﬁf?hcap& tr%ﬂ% o was

Then, the react ed en amne catal yse IC resin curing ha
pour ed out abridensnineai2q ipotbmiriufe fime duratiere rAf@ataﬂ theTimaine cutngchiayst mech as

cat al ysed phgapl adaséfomhs ki3 @@M&eglgm whd bt & HehefiReh0L ?u#ﬁﬁl%ge in

the thernosetting resin 20 conposition e present 1 nvention. e fi

am ne catial yreeigd iohtiae tene eawmpletwﬁgr eheluf § howra)as ademspsiratensiwhicipointangd freaibout
120C to abou;bogtﬁ%gd'chﬁ,og{ﬁoe@red am ne catalyst is DBU Al so, the present
i nvention may I nclude the use of nore than one type of the am ne catal ysed
har dener, whi ch cdmenethe seagtel inalisa aming catplzsedudenalicrigsinexiing 2erdemarpessi ti on.

The differe loutdiP&R 204 c@&ﬁ@%&%ﬁfhﬁ%@?g{a ’1?:15 ?ﬁc&é@'aﬁﬂﬁé atilgz?éd é:'ﬂ&llo‘ﬁ € a

di fferent am ne content or reacte e sanme phe resin
curi ng har dew@in, curg hardensq riasa then ecroghed ebrforee nsage dnwiheh thermigskfting erssin

phenal i ¢ ,f esighfokifibh 9f BRI HERR inRHbR The final amine catalysed hardener will typically
have a softening point of about 120°C to about 180°C. The preferred amine catalyst is
DBU.

Also, the present invention may include the use of more than one type of the
amine catalysed hardener, which can be used in the same thermosetting resin
25 composition. The different types of amine catalysed hardeners typically may include a
different amine content or amount reacted with the same phenolic resin curing hardener,
or the same amine content reacted with a different phenolic resin curing hardener and/or

both together.
It is to be understood that by different phenolic resin curing hardeners, this also
30 includes phenolic resin curing hardeners with different softening points or different types
of phenolic resin curing hardeners. For example, the different types of phenolic resin
curing hardeners may be selected from the group consisting of phenol novolac resins,
cresol novolac resins, copolymers between dicyclopentadiene-modified phenolic resins
and phenol novolac resins and/or crésoi novolac resin, paraxylene-modified phenolic

35  resins, biphenyl aralkyl modified phenolic resins and the like.



both together. It is to be understood that by different phenolic resin
curing hardeners, this also 30 includes phenolic resin curing hardeners
with different softening points or different types of phenolic resin
curing hardeners. For exanple, the different types of phenolic resin
curing hardeners may be sel ected fron1thﬁ_group consi sting of phenol
novol ac resins, cresol novol ac resins, mers between
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accel erat or conpouhgJualygEiteaeUsing falyst oF ﬁ%gle@mremytbedﬁeéeménm@f rray
be used in agaMp¥stwid o aPaKt. d)w@ﬁxo \M &bl a@ew.se&,ng ﬁh;sbb&iaﬁ

t her nposetti ng resin corrp03| tion. anount of an about %
of the ani nedEeunt akjessdhan e}agetq(b‘i‘ﬁfsé@f thewehnwmaeetsiyeﬂs ueedxthen hasdness ¢fng
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the reacti onmayyiepd g drtwiomte. Af gk el mens|thanf @ wi HeefifdBU anesed,dhe reaetion

tenperature ﬁﬁp?ﬁﬂé‘ed%%%héswbly@s‘{ n%n&%u%ergommﬁ%&&%@&e éaﬁ&lﬁ in
conposition of” the present invention denonstrates | mproved physi cal
properties aWgppeachigvedie at roomtenperature for extended periods of time
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i nclude fl owabil % and noldability performance. articu
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after storage at roon1 gggrature an extended peri od time.

t her moset t i ngovabdlitg 2edmeklsbilinoreriormanse. Imagisuler, |tm/@ﬁlﬁlil%‘f>ﬂ1ﬁ&§ﬁ3b7ea09@émgf or
seal i ng seni gaRdUEbMimBRAS lseqespreszhemeemaﬁ% ééﬁ}ongtpaté Qespfrmeﬂ m@@&&dtﬁge resin

conposi tion of the present invention typically acts as a retar dant,
whi ch is an @ARPFemmerstthan 3enicid sfiersiosiee 4 room temperature for an extended period

20 of time.

The thermosetting resin composition of the present invention may be used for
sealing semiconductor packages.
The compound (d) in the thermosetting resin composition of the present
invention typically acts as a flame retardant, which is an environmental friendly material.
25 The amount of compound (d) in the present thermosetting resin composition may be from
about 1% to about 20% by weight in order to achieve V-0 in the UL-94 test with 3.2mm
thickness. The amount of compound (d) in the present thermosetting resin composition
may be about 5% to about 15% by weight, and may also be about 7% to about 12%.
The norganic filler (e) used in the present thermosetting resin composition may
30 be selected from the group consisting of fused silica powder; spherical silica powder;
crystalline silica powder; secondary agglomerated silica powder; porous silica powder;
silica powder obtained by grinding secondary agglomerated silica powder; porous silica
powder; alumina and mixtures thereof. The inorganic filler (¢) may also be selected from
the group consisting of fused silica powder, spherical silica powder and a mixture of the

35 two aforementioned silica powders.



25 The anmount of conpound (d) in the present thernosetting resin
conposition may be from about 1% to about 20% by weight in order to achieve
V-0 in the UL-94 test with 3.2mm thickness. The anmount of conpound (d) in
the present thernosetting resin conposition may be about 5% to about 15%
by wei ght, and nmay al so be about 7% to afpout 12% The inorganic filler (e)
used in the present thernosetting resin conposition may 30 be selected
fromthe group cordeamonpt offthy inorssnisi flies a (9 Gwerpt thecpmppnens(d) dn tequesseinder ;

crystalline @efddatiROWR compESARIR yef&my%@&ab%% Shdut 88 ﬁ)&%%ht i HeQUS
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af or ement § onEXNRIFIPE i m@ﬁmh%aboqtzso“/ﬁrfveaba%m% by weighie sillh pregrarhly: about 8% (e)
except the cgrpeneay, (d) in the present thernosetting resin conposition is
preferably about 40% to about 80% by weight in view of balance between the
sol dering stress r’@@|tlsemaﬁ%1narr@swra@cmtmwycfﬂﬂl@qnéO@mﬁummw various
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coupling agents, ol ouri ng agen I ncludi ngfor
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syntheti c Wepehson$h fRSS: r educi ng addi tives (including for exanple, silicone
oil or rubber), ion trapper and other commn additives for thernosetting
resins known to t HEPisRily.|i8gprofusingo thej themppsetting resiy sopmpsition joff the ddesentng t he

t her noset t i Ngvértish ol eXBARId0R b Of sénh@on{aﬁ&&epéckagenmsg thl&ﬁémgfiﬁﬁ}w' ation
of a sem conductor package and as_a noul ding materi al ca

j
epoxy redi n, YRICHD Ay fgoRareiBfsuring hardenonqg cyEng pecelgraigr, filigrs ?Ié’r@'? ﬁédlb'mer
addi tives arge HixQbusitidntl§ afd ihiYorARudiy l‘;d?'i'msyorlﬂﬁé 1123 Mth@%!saﬁe@% oglﬂyec like;

and the kneaded product _is_ preferably cooled and ground
mat eri al t hui§ PEerablycgolss pnd aroynd b gpouldiag majegial thgapbiaiped maymeatsp@)ﬁor etc.

of el ectronigag, 6daBifik ihaBhioRREd Bﬁélectﬂ;}iié'o‘f@ie!:t)‘icaitpgﬁ(sgncapsU| at ed
seni conduct or packages utilising the thernosettin 0 resin conpositions

of the present inJaRicRlbh %@cwu@ieér%@mﬂdmmafl@ﬁfﬁevtétsmgetharﬂwnn@l@mngst rate
excel | enty el @gh 'dofbsifiGilsl @bk fr¥sent invention may be stored at room temperature and

demonstrate excellent electrical reliability.

The applicant believes that compounds as described for compound (d) in this
specification and claims, including metal oxides and metal hydroxides are an
environmental friendly material as a flame retardant for thermosetting resin compositions.

25 A preferred metal hydroxide is aluminum hydroxide or magnesium hydroxide.

In order to further illustrate and provide a particular example of the invention,
the applicant believes that aluminum hydroxide retards fire mainly due to its endothermic
decomposition to aluminum oxide and water.
24I(OH), - ALO, +3H,0 -298KJ/mole

30 - The reaction takes place at the range from about 180 to about 200°C. Due to the
endothermic breakdown of aluminum hydroxide, the applicant believes that the polymer
is cooled and hence fewer pyrolysis products are formed. In addition to the charring
production of aluminum oxide, it is believed that the aluminum oxide acts as an insulating
protective layer. Thirdly, the applicant believes that the formation of water vapor has a

35 diluting effect on the flammable gases.



The applicant believes that conpounds as described for conpound (d) in this
specification and clains, including netal oxides and netal hydroxi des are
an environmental friendly material as a flanme retardant for thernopsetting
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mnimal effect on its physical properties and hi s |nvent| on al'so
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Substances in Electrical and_ Electronic gw prrent Eur opean

Communi ty Di $3Bcppaenenpsediy tie| follovipg uplass pihesydsn
invention isghagesnafter described specifically by way of Exanples. The
exanpl es serve nerely to illustrate the invention and should not be
construed as io limting the scope and generality of the clains. In the

fol | ow ng Expraphfionldf DBV RiAscalhap@GlareOonponent used in the foll ow ng
conpositions is parts by weight unless otherwi se specified. Preparatl on of

DBU cat al'ysed har dh&iegninufse e phiavonlRUrcatd ek Plsnobigiessmyriag hatdgrssy the

phenol i ¢ r esjollofit; 'ﬁ&ebﬁé%@@érﬁ}ucﬁ:@ emrst Qhd 15]5{&181% Mlﬁ(‘cﬁﬂﬂé RardBiRr GRS il ed.
First, the phenolic resin curi ngqo ardener was heated up in an agitated

reactor to 19D pAgaEE reasior to A70°CtiaORHe Hofili dl the phenakig rrﬁﬁﬁrgcwmgd@ﬁbper had
mel ted. ThenkadGBbitedl trherd DEURHMN arPhmaiht td? 330% 86t &1t Blal @H&mh'r&u{
curing hardener and DBU wei (t;]ht content and DBU are slowy added to the
mel t ed har debpsdengrand DBU weight content and DBU are slowly added to the mielted hardener in a
20 20 to 30 minute time duration. After all the DBU is added into the reactor, the whole
mixture is kept in the reactor for another 2 hours at a temperature of 190°C to 200°C.
Then, the reacted molten hardener is poured out, water-bath cooled and crushed for usage

in the following examples.

s EXAMPLES

Example 1

The following components and their respective proportions were mixed at room
30 temperature using a mixer, then kneaded at 80°C to 130°C using a bi-axial roll, cooled

and ground to obtain a moulding material.

The composition was as follows:
Cresol novolac type epoxy resin 15.5 parts by weight
35 (softening point: 65°C, epoxy equivalent: 200g/eq)



20 20 to 30 mnute tine duration. After all the DBU is added into the
reactor, the whole mxture is kept in the reactor for another 2 hours at a
tenperature of 190C to 200C. Then, the reacted nolten hardener is poured
out, water-bath cooled and crushed for usage in the follow ng exanples. 25
EXAMPLES Exanple | The follow ng conponepts and their respective
proportions were mXxed at room 30 tenperature using a m xer, then kneaded
at 80C to 13Uenpldionglagtype 1os¥i al rol |, kdolbad byaweigyr ound to obtain a

moul di ng mat @sfedine nbile: 199 ol Svafet: 1oMSeqyCr €sol  novol ac type
epoxy resin @5.5 ;;gaprts by@v\’eq?gltr?%(w%%\@p?esq%fteni ngxgi)oql)nt: 65C, epoxy

equi val ent: 200g/eq) 14 Phenol novol ac type resinl.2parts by wei ght

(sof teni ng pieRbinodi@Ctypbidioxyl group eﬂ!#?)!ﬁélﬁﬂ%igﬂtmg/ eq) 5Phenol

novol ac type resin 1,3 parts by weight (softeni'ng point: 81 C,  hydroxyl
group equi vaﬂsmingmsgvéa% hydraxybgroppsanedent:\I982/ePsi n, reacted with DBU 4.5
parts by weight (softening point: 151C, hydroxyl group equival ent: 1049/ eq)
t oFused silica powder 65.1 parts by wei ght Al um nium hydroxi dell.0 parts by
wei ght Car bofheppldirolac yppresinsrepsiedyith RBUS\hd perts by wRight0. 4 parts by wei ght
5Epoxy Sila W dotHe: t - rcaptane Sil ane Coupling
Agent 0.2 p;kﬁ?@ggﬂv?eﬂiﬂ P%?q?lgg&iogglg%ﬁpge g;lgrﬁtt gb%g;%wel ght The m xed powder
was kneaded latsedmwworge'c usi ng a bi - axi @1 p@tsiby wedghited and ground to

obtain a xﬁDUAﬂ}dﬁqu{%%kﬁle- 11.0 parts by weight
Carbon black 0.3 parts by weight
Synthetic Wax 0.4 parts by weight
Epoxy Silane Coupling Agent 0.3 parts by weight
Mercaptane Silane Coupling Agent 0.2 parts by weight
15 Ion trapper 0.2 parts by weight

The mixed powder was kneaded at 70 to 100°C using a bi-axial roll, cooled and ground to

obtain a moulding material.

Room Temperature Storage Test

20  After the moulding material had been formed, a small portion of the powder was
separated from the bulk material and stored in a temperature-controlled chamber with the
temperature setting of 25°C *+ 5°C. The initial spiral flow of the material was measured
and also at an interval of once per week. This constitutes the Room Temperature Storage
Test.

25
Spiral Flow Measurement Test
A certain amount of moulding material which shall give a cull thickness of 3 * 0.3mm
was weighed. A spiral flow mould die as shown in Diagram 1 below was placed in the
moulding machine and was heated up to 175°C + 3°C. When the temperature reaches 175

30 =+ 3°C, the certain amount of moulding material was poured into the transfer pot and a
plunger was lowered. The material was moulded for 120sec after which the mould press
was opened. The spiral flow length (up to the lustrous tip) was measured afier the mould
die was taken out from the moulding machine.
The measured spiral flow length provides an indication of the flowability of a particular

35 moulding material and thus also provides a measure of moulding performance. Any



Room Tenperature Storage Test 20 After the noul ding material had been
formed, a small portion of the powler was separated fromthe bulk materi al
and stored in a tenperature-controlled chanmber with the tenperature
setting of 25C 5C. The initial spiral flow of the nmaterial was neasured
and al so at an interval of once per weekis This constitutes the Room
Tenperature Storage Test. 25 Spiral Flow Measurenent Test A certain anount
of noul di ng feRigank| chapges h o5 hdgterigzatinn dn c gpiral tflove lenethsofor mpulding, Bateriabas

wei ghed. A sghighis) b e¥npodlid if hfpuRnSteninde D' agram 1 bel ow was pl aced in
the noul ding machi ne and was heated up to 175C 3C. Wen the tenperature
reaches 175 30 3C, the cert @ mamount of noul ding oaterial was poured into

the transfer pota@Xiai pl unger was | . The patlerial was noul ded for
120se c after ‘H$f'h ﬁkgl pre : hel spiral flow |l ength (up
to the lustrous AR agur di e was taken out from

t he nmoul di ng ma e| neas : th provides an

i ndi cation of t N bilit ’“; ul ding material and

t hus al so provi pacreasty. e jokd ! /;3, - Any 15 significant

changes or det
signify a conpr oR:%
there i s shown apsg
in the exanples

o lig foul ding material can
77 uke 1 5} In Figure 1,
frak flow nmould die used
st procedure described and
performed above & In the grt and is described as
an ASTM st andar d& - eapproved 1999)). In
ASTM desi gnagibgie P 3123-98 (Reapproved 1999) standard there is additional
description of test procedures and al so includes additional diagrans.
Flammability test (Underwiters Laboratory flammbility rating; UL-94 V-0,
UL- 94

In Figure 1, there is shown a side view and top view of the spiral flow mould die used in

the examples.

The Spiral Flow Measurement Test procedure described and performed above is known to

persons skilled in the art and is described as an ASTM standard (ASTM designation D
10 3123-98 (Reapproved 1999)). In ASTM designation D 3123-98 (Reapproved 1999)

standard there is additional description of test procedures and also includes additional

diagrams.

Flammability test (Underwriters Laboratory flammability rating; UL-94 V-0, UL-94
15 V-1)

For epoxy resin composition flame retardant performance testing, UL-94, developed by
Underwriters Laboratories, 1s one of the most widely used and commonly accepted tests
used in the field of epoxy resins.

20
There is provided for this Flammability test, five samples of Test Pieces molded from a
molding material having dimensions of 127mm by 12.7mm by 3.2mm and which were
molded using a 37 ton molding machine. Before the test was conducted, each of the five
samples was treated at the following conditions:

25
Temperature at 23 + 2°C; and
50 £ 5% relative humidity for at least 48 hours.



15 V-1) For epoxy resin conposition flame retardant performance testing,
UL- 94, devel oped by Underwiters Laboratories, is one of the nost w dely
used and commonly accepted tests wused in the field of epoxy resins. 20
There is provided for this Flanmability test, five sanples of Test Pieces
nol ded froma nolding material having digrensions of 127mm by 12. 7nm by
3.2mm and which were nolded using a 37 ton nolding nachine. Before the
test was conducted, each of the five sanples was treated at the follow ng
condi ti ons | ]lilm gr at

| east 48 hourg% Eemﬁﬁ@&#?\gfga%sagg%m%gdwevr%gggacﬁmp?{aﬁr}gizé ?t I ca I;llégbng bur ned
for a peri odsegdndsQThobgning émm@sachweplb@ndmw@mems@ne drppbing mte@fndn@ any
bur ner 1 esi AN droRRAAG ofBRNS sges bluflr SRRl 2k 258
ceases, the burner i1s |ate pl ated agai n under pectlve

sanpl e. The lgepepiave sampieenﬂvﬂebjlr@ﬁrtlerenmeée&@rﬂ@ssemndb@f humiglgaﬂmd tahburbimgni ng
time, glow |

renoved is nt%g%:o gl%dqrﬁgﬁégurn We?%g%d%ﬁﬁﬁ r%gelflﬁr?ggufrﬁé}eiggc Qgegin%l e was
recor ded tog@@(?fé‘?dvmth the total burning tine for all 5 sanples. In order

to pass the. T.ﬂm Q_mhtaﬂﬁ gl ?ﬁx‘[ﬂoﬁxﬁe %f%tacl'p&m‘fﬂetvb ecdrg%tit ljagetﬁér'“;i&rl}]é‘to'iﬂt out

bel ow in Tab urning tinme'is an~or equa
seconds Tabl @l’lllngﬁhll“-é"@ﬂ al Templasi bn@vderaomaséhefwhﬁé\& -0.rthe lfewltsmhbﬁv withini dual

speci men i | @ Lish M wth Ebiel Yk (R thfling e SR kP Gl hSoP! US
2 for the55peC|rren s Aftertlame plus afterg owtlrre eac

i ndi vi dual sjseendsen after the second fl ane appl | catlon (2 + 3) <30s
Afterflanme or afterglow of any specinmen up to theNo hol ding clanp 15

Table 1

Criteria conditions . V-0

Afterflame time for each individual specimen “or'2 <10s

Total afterflame time for any condition set

<
(‘l plus ‘2 forthe 5 specimens) <30s
Afterflame plus afterglow time for each individual <30
. <30s
specimen after the second flame application ('2 + '3)
Afterflame or afterglow of any specimen up to the No

holding clamp

15
If the total burning time is more than 50 seconds then the sample is considered to have
failed the UL-94 test and is classified as V-1 or V-2.

Pressure Cooker Test (PCT)

20  The moulding material was formed into tablets with a diameter of 48 mm and weighing
75 grams each. These tablets were then used to seal Test Electrical Grid {TEG) die for 16-
pin Plastic Dual Inline Package (16p PDIP).

These TEG die have no surface protection and are “bare” IC chips which are
used for electrical testing and which represent the most severe testing conditions which

25 are likely to be encountered. The sealed 16p PDIP package devices were stored in
saturated steam, at a pressure of 103+7 kPa and a temperature of 125°C in a sealed
autoclave containing deionised water. The package devices were suspended at a mimimum

height of 1cm above the initial water level in a chamber of the sealed autoclave. Electrical



If the total burning tinme is nore than 50 seconds then the sanple is
considered to have failed the UL-94 test and is classified as V-1 or V-2.
Pressure Cooker Test (PCT) 20 The noulding material was fornmed into tablets
with a diameter of 48 nmand weighing 75 grams each. These tablets were
then used to seal Test Electrical Gid (f)EG die for 16- pin Plastic Dual

I nl'i ne Package (16p PDI P). These TEG di e have no surface protection and are
"bare" | C chilgsuigfiealy e made of intervala|apd t theqnarkage deviery werristorad up ta E90esent
the nost sevgggs.testing conditions which 25 are likely to be encountered.
The seal ed | 6p PDI P package devices were stored in saturated steam at a
pressure of 1037 Kidailie) of the ppdngr dedcovag 2zousideredy whem|ap dopen Lritstit avas
cont ai ni ng dgiQddsed et Ferty ! i %%&H i ni mum
hei ght of | cm above dt%%el%{ ?ﬁsﬁ%gtll wat e_?gft‘éél\?l\éll &iﬁ%g\g%gﬁg er %g?)??ﬁgﬁagga ed

aut ocl ave® Eleyigep.i Bog) expmplensudhy phssptiensieere ofpsieh arorieriice ripeliding orreded
package devi §&sceVIBId of R BfndtRntd? c$9&1@tin§ﬂl'dft§'-beﬁvéceﬂ'tllléjfegdspffgé Pﬁ%m@,aﬁmge

devi ce was consi dered when an open circuit was detected and al so by
obser vat i on BPoreddn ispme pingroegiageeielfaded wpdgr adat i on of the package 5 devi ces.
For exanpl e, such observations were of such properties including corroded
device leads_or the formation of conducting matter between the | eads. The
resul ts wer eEXamgies 283 in terns of percentage of failed units. Exanples 2
to 5 10 The thernosetting resin conpositions were conpounded in the

respective f@ﬁm&@&oga@ga@ﬁ? c§ﬁ119e;midne wiﬁh!oﬁgéuna%g El} egtls&e%pécﬁ% ?oq}nﬁgﬁ&r%sashe

sane procedure as In nple 1°to obtain t ng nmateri a

Conpar at i ve $QapR Eable 2,3nd were sybieptod o the spgne psatedure asroianiplmb tovbtain the
conpounded i RotiiBenSsRRakt i ve fornul ations shown in Table 2, and subjected
to the sane procegures as in Exanple 1 to obtain noulding materials. The
package devices for test purposes were prepared using these 20 noul di ng

mat eri al g5 a oﬁﬁﬁghghﬁgmﬁgpjgcted to the PCT test as described above. The
results are Shown below In Table 2. Table 2 xanpl eConparative
The thermosetting resin compositions were compounded in the respective formulations
shown in Table 2, and subjected to the same procedures as in Example 1 to obtain
moulding materials. The package devices for test purposes were prepared using these

20 moulding materials and were then subjected to the PCT test as described above. The

results are shown below in Table 2.

Table 2

Example Comparative
Example

1 2 B 4 5 1 2 B
Cresol novolak type epoxy resin (softening]15.5 [15.5 [15.5 (14.1 [14.1 {15.5[14.1 {15.5
: oint = 65°C, epoxy equivalent: 200g/eq) '

Phenolic resin hardener (softening point|l.2 1.2 1.2

=110°C, epoxy equivalent: 104g/eq)

Phenolic resin hardener (softening pointl.3 RS (1.3 23 p3 R4 R3 {13
: —=81°C, epoxy equivalent: 105g/eq)
;Phenolic resin curing hardener, reacted withd.5 4.5 K5 K0 K0 4.5
IDBU (softening point: 151°C., hydroxyl
eroup equivalent: 104g/eq)




xam | e 1231 Cresol novol ak type epoxy resin (softeningl5.5

15.515.514. 114. 115.514. 115.5 - oint 65C, epoxy equival ent: 200g/eq)
Phenolic resin hardener (softening pointl.21.21.2 110C, epoxy equival ent:
104 e henolic resin hardener (softening painl.3.51. 3.3.3.4.31.3 81C, epoxy

equi val ent: 105g/ eq) Phenolic resin curi g hardener, reacted
wi th.5.5.5. 0.[075Bo(softem g pormt—151¢ydroxytTou—gquryatent:
1049/ eq) 18 Al fesinreusing hetdenengreideddeitidr , rleactied with| BU|(sofOefpi ng
Par dener, redorL (Ghine oS P8, Hka) rf etc]) myaroyn 5 ™™
equi val ent: 1 uleeqUI‘HllﬁmﬁilﬁéMvdrom dell.Q11.d11. 010.010.(08. 00 Nagnesium
A s U F Y SO P
arbon bl ack. 3DBYnt(fdteningwaxind Hi3°Eneh@oonylil i n jAgent . 5 |t hers (1 on| trappef,
| ow stress adngoﬁﬁ &ﬁﬂvﬁenﬂ—l%z&eq 4.4
Aluminum hydroxide 11.0 [11.0 [11.0 {10.0 10.0 8.0 4.0
Magnesium hydroxide 8.0
2-methylimidazole 0.02 0.02 0.02 0.02
Flake fused silica powder 20.0 20.0 34.0
Spherical fused silica powder 65.1 649 451 68.2 168.2 66.0 36.0{71.9
Carbon black 0.3
Synthetic wax 0.4
Silane Coupling Agent .5
Others (Ion trapper, low stress additive) 0.2 0.4 02 0.2 04 0.4 0.4
Spiral flow (cm) 60 52 s @7 17 34 65
UL-94 (VO/V1) for 3.2mmt Vo VO vo [VO VO VO V1
IPCT (% of failed units)
After 500hr 0 0 0 0 [0 0 -
[After 1000hr 0 0 0 0 20 0 -
After S00hr (after 60days) 0 0 0 0 10 - -
After 1000hr (after 60days) 0 0 0 © B3O a -
Storage Test (after 60 days)
% of spiral flow drop 0% {17% 18%120% |15% B3% 22%

It is to be understood that the silane coupling agent used in the examples and in the

5  present invention is one that is selected from a wide range of such compounds and which
is apparent to those skilled in the art.

The aforementioned thermosetting resin compositions shown in the examples

and summarised in Table 2 demonstrate thermosetting resin compositions with the ability

to be stored at room temperature for a long period of time, and which are able to pass UL-



Spiral flow (cm 025717345 -94 0/V 1 for 3.2mmt 0000001 CT (% of failed
units) After 500hr 10 After i 000hr Q After 500hr (after 60d a s010 After
1000hr after 60da sO Storage Test (after 60 days) /0 of spiral flow
drop0/ QL7948%0%5%8%2% It is to be understood that the silane coupling
agent used in the exanples and in the 5gresent invention is one that is

selected froma w de _range of such conpounds and which is apparent to
t hose skil | eB¢ iflpmmppbiliy ttest apdetoapEeie fatont | owéns effest dudng trpaséer mesilding for

conposi ti onsgghouBsiiftichRerEyaRkes and summarised in Table 2 denonstrate
thernosetting resin conpositions with the ability to be stored at room
tenperature. for a Ineagicparivben g thermesetdngdresinicompationatof éhe exanlss 1Up 419 94
f1 ammabi [ tyalre%ﬁ%e u[?&foﬁfladc@ &Rlas gwwm 1bfeof it ! neqlggﬁ@aa@f

enca sul a o

moul di ng for tron evices. In'particula

t her noset §i ni thegﬁsnp@@wplcﬁpmqfw§h@fafﬁe¢féh@ﬁmm@bpqrfqrmanpe ofitke srwmpsetat@d to

t he performa{;ﬁ%T EfdiguRSevidtoWn in Table 1; there is no significant change

s in the key physical properties that affect the functional performance of
t he encapsul ated Inpesigular & resulte of thegtoyagedests shoydhatithaspirel flow percerdaget s of
t he storage t les 1
to 4 wer o o ahia FRapeb DS Ly HE poREal 10 oREY GRANEARIs SERRR: LT

nol dabi | i ty mpllebidhrnenioemarce ofibe egnprsions offbe pesenhinventiondnsuitable &rtusost | s
suitable F (%l-ﬁﬁh%mt&ﬁ QLR br sPem segper atures of 20C to 30C. Al so, the
test resu PCT e In ternms percentage of failed units denonstrates
t hat after 500 hou?dgo,(m tealy s9sulthefre RGel deshoinf gdre dpaserntage f of failednpiitss 1 to
4 whilst fo t s of
Failed uni o g aRRboRaRcE RIS phpPieiso B B Ll aRGRE 1009
wetting. 15 Whily foricomppretiverixemplend these ves signifiveat pesntsenoffaial wiife mbidhc
resin curi nng@&:ﬁ:@@@ﬁual ﬂéwk&%hﬂhgﬁk}]cdutse obt wetihgct the flowability of the
thernosetting resin.” However fteni ng poi nt of the DBU catal ysed
phenolic fesin curfhyg ifythe gefieuing point o6 the WU gatalysed phenolic resin curing hardener

is too high, it will affect the flowability of the thermosetting resin. However, if the

softening point of the DBU catalysed phenolic resin curing hardener is too low, e.g.
comparative example 2, it will lose the room storage capability.

One of the typical advantages of the present invention as demonstrated above is

20 to provide a thermosetting resin composition such as an epoxy resin composition, which
is capable of being stored at a normal moulding room temperatures of about 20°C to
about 30 °C, and which has minimal effect on its critical physical properties.

A further typical advantage of the thermosetting resin composition is the
subsequent elimination or substantial reduction of the requirement of cold room storage

25 for the thermosetting resin composition.

A further advantage of the thermosetting resin composition of the present
invention is that the thermosetting resin composition provides environmental friendly
flame retardant(s) which provide encapsulated electronic parts to meet the requirements
of Waste Electrical and Electronic Equzpment (WEEE) and Restriction of Hazardous

30 Substances in Electrical and Electronic Equipment (ROHS) European Community
Directives.

Modifications and variations such as would be apparent to those skilled in the art
are deemed to be within‘th'scope of the present invention. It is also understood that the
present inventioﬁ shiould not be restricted to the particular embodiment(s) and example(s)

35 described above.



conparative exanple 2, it wll lose the roomstorage capability. One of the
typi cal advantages of the present invention as denonstrated above is 20 to
provi de a thernosetting resin conposition such as an epoxy resin
conposition, which is capable of being stored at a nornmal noul di ng room
tenperatures of about 20C to about 30 Gg and which has mninmal effect on
its critical physical properties. A further typical advantage of the

t hernosetting resin conposition is the subsequent elimnation or
substantial pedypfd on of the requirenent of cold roomstorage 25 for the
thernosetting resin conposition. A further advantage of the thernosetting
resin conposition of the present invention is that the thernosetting resin
conposi tion ghﬁrkgﬁ@ngﬂ&ironnental friendly flanme retardant(s) which
provi de encapsul ated el ectronic parts to neet the requirenents of Waste

El ectricafF and El ectronic Equi prent (WEEE ) and Restriction of Hazardous 30
Subst ances i r ORGRR mruni ty
Directives. ab kF?%%%?%%gggﬁgﬁ@gﬁ?g??%%?ﬁg%gﬁﬁﬁg&ﬂbﬁggg%gggpparentg?o t hose
skilled in t(ﬁé ar tan cpeXy rg8ned to be within"the' scope of the present

i nvention. IS LigheL e  present invention should not be
restricted t )thea“J ?#%Sﬁ&§&ﬁg'gdlnéﬁi(s) and exanpl e(s) 35 described
above. 20 CLﬁﬁNB awwamq@ﬂmgemﬂﬁﬁ, : 5 1. Athernosetting resin

COMposi tipn f)r Seabiiglli SEUACRAHCHS grqey'csgi%mgowa' S0 oxidehnd ™ EPOXY

resin; (b) a heno esin curing ener n anmine curing catal yst;
and 10 (d) acm@mr@@}t@tbb@effomlﬁ%@ou@e Sis st ptgl, &F isanrAxygdn oxi de,

and a Comomﬁrfﬁ%ﬁéﬁrﬁ‘?gse%teﬁfﬁ%ﬂﬂé?hgf%%g% %mﬁfgﬁe%dr%u% &on “ng

an oxygen or sulfiir radical and Rl 1 |st|ng
of hydrogen &nd C,Thedhapmogetting|resin comppisition ebelais brwhermin the s¢sin easmnesisipe ison of

claim 1, wheggifleiSudfisiaf CRIBRARI fOH) obus 294 LALG Jooic storage at a

tenperature froma 0'C to about . The thernosetting resin
conposi tidn &f cl aﬂmthermpseztmgvmw éprnpqsrf@ndxfﬁb@nddor@d)vheﬁem the porgpaund éd)ar dant

whi ch does nQt, GoRaLRaMIRGED O hotRBRERMAIBHS or phosphorous.
4. The thermosetting resin composition of claim 1, 2 or 3, wherein Z is oxygen.
5. The thermosetting resin composition of claim 1, 2, 3 or 4, wherein R is selected

from the group consisting of hydrogen and C; to C; alkyl.

20 6. The thermosetting resin composition of any one of claims 1 to 5, wherein M is an
alkaline earth metal.
7. The thermosetting resin composition of claim 6, wherein the alkaline earth metal

is selected from the group consisting of calcium, magnesium, strontium, and barium.

8. The thermosetting resin composition of any one of claims 1 to 7, wherein the
25 metal is aluminum or iron.

0. The thermosetting resin composition of any one of the preceding claims, wherein

the compound {(d) is selected from the group consisting of aluminum oxide, aluminum

hydroxide, magnesium oxide, and magnesium hydroxide.

10. The thermosetting resin composition of any one of claims 1 to 9, wherein the
30  softening point of the final catalysed phenolic resin curing hardener is between 120°C and

180°C.

11. The thermosetting resin composition of any one of claims 1 to 10, wherein, the

epoxy resin (a) is selected from the group consisting of phenol novolac type epoxy resins,

cresol novolac type epoxy resins, dicyclopentadiene type epoxy resin, biphenyl type



4. The thernosetting resin conposition of claiml1, 2 or 3, wherein Zis
oxygen. 5. The thernosetting resin conposition of claiml, 2, 3 or 4,
wherein R, is selected fromthe group consisting of hydrogen and C, to C3
al kyl. 20 6. The thernosetting resin conposition of any one of clains 1 to
5, wherein Mis an alkaline earth nmetaly; 7. The thernosetting resin
conposition of claim®6, wherein the alkaline earth netal 1is selected from
the group cofPSKYtIEFEs. ofipkeayk iamalkyl inedified uppoxytTesng itinpr avfi-Baetionel t®e The

t hernosetti n&ogf%ﬂsmgﬁﬂﬁkmy?gelﬁg e of clains | to 7, wherein the

25 metal is alumnumor iron ernosetting resin conposition of any
one of the plecedilig tearapseling iseip epyposifinn %ﬁ)‘#ﬁ%gb wherein heseposk resin {8 om t he
group consi S&fa}ﬁﬁlgﬁ@yla@%&ﬁr&ﬁm al um num hydroxi de, magnesi um oxi de,
and magnesi um hydr oXi de The thernosetting resin conposition of any one
of clainms’| 1o 9, Tha&eanesetting resgucosposiien plclysi ks wherentbere jsraovidegtragrg sed
phenolic res&%&wﬂh%lg@ﬁ&q?ﬁeépgxp%l\ﬁeen 120' C and 1800C. 11. The
thernosetting resin conposition of” any one of clains 1 to 10, wherein, the
epoxy resin ’?‘b) i hs shesmessiiingrresin corapepitonP i bt i1 Agerol3 yhesein|the eneavol ac
type epoxy resi (s -s repr e?e%@db?%ﬁhﬁﬁ (D) kYR RRR%Y resins, dicyclopentadiene
type epoxy resin, biphenyl fype 21 "epoxy resins, blphenyl aral kyl nodified
epoxy reS|ns “tri- or multi-functional type epoxy resins and naphthal ene
type epox(ﬁ 2. The thernpsetting resin conposition of claiml1ll,
wherein the epo>@¢ @sLenf d) corrgbhscgﬁ_@HPI urali tmcgchp.p@q(% resins. 5 13.
The thernosettirg reg’n conpositifon” oy clai m 12, ereph there is provided
nore than oR The thernosetting resin
conposi tion of resin (a) is
represented by ( .

-CH2 OCH2CH nd
each Ris |ndepengkentai1 éf(?nl]ldoar}lﬁgje\ré%%%qgg}fdgg 8&{}1‘%“2%1%9({1%&8933%&3 om a
hal ogen and ﬁ@malhk@mg@ra@up a halogen and an alkyl group.

15. The thermosetting resin composition of claim 11, 12, or 13 wherein the epoxy

15 resin (a) is represented by Formula (II) shown below:

Formula (II)
OCH,CH—CH, OCH,CH—CH, OCHZCH —CH;

OO OO0

wherein n is an integer of 0-10 and each R is independently an atom or group selected

20 from hydrogen a atom, a halogen and an alkyl group.
16. The thermosetting resin composition of claim 11, 12 or 13, wherein the epoxy

resin (a) is represented by Formula (IIT} shown below:

Formula (III)

H,C—CHCH,0 @ O OCHCH—CH,
N/ \\V4
[8) O
R R R R

wherein n is an integer of 0-10 and each R is independently an atom or group selected

25

from a hydrogen atom, a halogen and an alkyl group.



15. The thernosetting resin conposition of claim11l, 12, or 13 wherein the
epoxy 15 resin (a) is represented by Fornula (I1) shown bel ow. Formul a
() OCH2CH 7CH2 OCH2CH -CH2 OCH2CH -H2 WR n wherein n is an integer of
0-10 and each R is independently an atom or group selected 20 from
hydrogen a atom a hal ogen and an al kyl group. 16. The thernosetting resin
conposition of claim11l, 12 or 13, wherein the epoxy .resin (a) is .
represented by Forl¥gl a (thprmosebsin bePddv: cmBpedifion of Plaim 1)@ acHiéHpbsrein
OCH2CH CH2 2@ BydRyResih WPRtErBsehtell By BBrmuM gg%hoqfn ¥l and each Ris

i ndependently an atom or group sel ected roma hydrogen atom a hal ogen
and an al kyl group. 22 17. The thernosetting resin conposition of claim
11, 12 or 13g,rphifs af the epoxy resin (a) is represented by Fornula (1V)
shown bel ow. FobaHien+{try) OCH2CH -H2 OCH o@2Jds—cEA,R 1 5 wherein n is an

integer of 1-11]and ®gch R is independgnt|y ‘angat om or group selected from

a hydrogen aR al ogemxand /am\al kyl»g QP 18. The thernbsetting resin
conposition o TraHR g lpoxy (0 resin (a) is
represeg_éd by “For mul a ( A . a (V) OCH2CH H2 1CH2C ° CH2
OCH2CH- )

wherein n is an integer of 1-11 and each R is independently an atom or group selected

from a hydrogen atom, a halogen and an alkyl group.

18. The thermosetting resin composition of claim 11, 12 or 13 wherein the epoxy

10 resin (a) is represented by Formula (V) shown below:

Formula (V)

QCH,CH—CH CH>,CH—CH OCH,CH—CH
2CH—CH, j)\z t—Chy 2CH—LH,

R A O R O R o]
K/‘ CH__R/I CH—O
) " ©
OCH,CH—CH OCH,CH—CH
2 \ / 2 2 \O/ 2

wherein n is an integer of 0-10 and each R is independently an atom or group selected
15 from a hydrogen atom, a halogen and an alky] group.
19. The thermosetting resin composition of claim 11, 12 or 13, wherein the epoxy

resin (a) is represented by Formula (VI) shown below:

Formula (VI)
R R
need
HG—CHCHZ0 OCHZCF{H/CHz
o R R R 0

HG—CHCH,0 OCHZCE-\I\—/CHz
o OICI 0
R R

20 R R




ORORO~Ui- CH R 0 16 0 OCH2C, CH2 O wherein n is an integer of
0-10 and each R is independently an atom or group selected 15 froma
hydrogen atom a hal ogen and an al kyl group. 19. The thernopsetting resin
conposition of claim1l, 12 or 13, wherein the epoxy resin (a) is
represented by Formula (VI) shown bel owsFornula (VI) H2C 2CHCH2O T T
"OCH2C, CH2 ORRRO H20nn O23 wherein Ris independently an atom
or group sel BB¥red Rr§nindenspdnthjetn atoBmor o stopm| Slpsted dFem anhydregan gewug. 20.
The t her nosekdlbgig ah®fi AkAQFRPSi tion to any one of clains 1to 19, wherein
the epoxy resin g‘}%’)ﬁ Is used in . an anmobunt of 0.8 to 1.3 tines the_epoxy
equi val ent hy drig,Hgrmosetiine gpn Sorupestian e gy oppaf elaims) 1 kb fthegsn Bﬁenol iC

resin curingegory daRER) is ded il BR atb@fi BPE.8 %S 1.0 Finfe8 Hetps B RRJalhPRr AGEBLHAI NY to
any one of clains 1 Eo 20, wherein the epoxy resin (a) is present in an
amount of > abB9¥P e vsleane the iipl ampynt ofphegalic rekia suapediIdeRe. ¢ ot al

t her moset ti ngy,r esiThe GREMOSIHingORsin 2dmpdiifiorl BRGIRSELS kdYoreCst dlaitRMPRSRE,i ON
according to claim?21l, wherein the epoxy i0 resin (a&? |bs present in an
e

rejn. t i
anount of abBhfreldhe gPoxKEFHN (b isopresgnt iBiag RIOBBLA FLOH X trbpyt 39 % by weight
t her noset t i Ngasé®st the EATIRSMbIeBIMg resin composition.

22. The thermosetting resin composition according to claim 21, wherein the epoxy

10 resin (a) is present in an amount of about 20 to about 25 % by weight based on the total
thermosetting resin composition.

23. The thermosetting resin composition according to any one of claims 1 to 22,
wherein the phenolic resin curing hardener (b) is present in an amount of about 0.1 to
50% by weight based on the total thermosetting resin composition.

15 24, The thermosetting resin composition according to claim 23, wherein the phenolic
resin curing hardener (b) is present in an amount of about 0.1 to 10% by weight based on
the total thermosetting resin composition.

25. The thermosetting resin composition according to any one of claim 23 or 24,
wherein there is more than one phenolic resin curing hardener present as component (b)

20  of the composition.

26. The thermosetting resin composition according to any one of claims 23 to 25,

wherein the phenolic resin curing hardener (b) is represented by the following formula:

Formula (VII)
OH OH OH

O—es A =)

N
b

25 wherein n is an integer of 0-10 and each R is independently an atom or group selected

R

from a hydrogen atom, a halogen and an alkyl group.
217. The thermosetting resin composition according to any one of claims 23 to 26,
wherein the phenolic resin curing hardener (b} has a softening temperature ranging from
© 50°C to 170°C.
30 28, The thermosetting resin composition according to any one of claims 1 to 27,
wherein an inorganic filler (e) is present in the composition and is selected from the group

- consisting of fused silica powder, spherical silica powder, crystalline silica powder,



23. The thernosetting resin conposition according to any one of clains 1 to
22, wherein the phenolic resin curing hardener (b) is present in an anpunt
of about 0.1 to 50% by wei ght based on the total thernobsetting resin

conposition. 15 24. The thernosetting resin conposition according to claim
23, wherein the phenolic resin curing hgrdener (b) is present in an anount

of about 0.1 to 10% by me%%ht based on the total thernmpsetting resin
conposi ti on. Sesepdarsh caggloBieRbdht TGy DPWEFt  BEIEY s SHicen PAWES disHiga t ®ORASE one

of claim 23 ghtaindh by YRR FecbRBFPadoforh®4ted silapRRRr BSOS SlidaSRiwdeCitld NY
har dener present as conponent (b) 20 of the conposition. 26. The
t hernoset ti n"F¥&j n conposition according to any one of clains 23 to 25,

wherein the phenoline fRThddetiHg | losin NAnEREELn (Rroifg” RPCREEME dwl¥reiNthe

following formula: Forpula (VI1) OH OH OH Otn 25 wherein n i's an i1 nteger of
0- 10 and ®achorgans fllegeEpstiehin 4p ampugt ohsbort 4% tpabost 8% oy weighs basedidpdr ogen
atom a hal oggfia MekrRBset e ¥Lsidé sitie- The thernosetting resin conposition
according to_any one of clainms 23 to 26, wherein the phenolic resin curing

har dener (b)3thas dbsshsreapetiyng wrpcompasidon asgrding fo 81y omoet elaims7be 230 28.

The t her noseyhirfifl theRdhipotR @R ialinuR A5R6LH9 to any one of claims 1 to 27,
wherein an inorganic filler (e) is present in the conposition and is

sel ected froti-t he Theothgrmaseting Jesip Copppopitien reegrimg atop slata 30, spheteing the

silica poydegumeiots hidrbiifeistkéd i an ROWERIof aBdht 5§56 AR PIYAFO QPR MALadnSi | i ca
powder, porous silica powder, silica powder obtained by grinding,
secondary ag@f &t haraeseliingiresip ¢RgR9ERoRr porous silica powder and al uni na.

29. The t hersgmset t1ingGhdrRdsdinEORHA LYolipSiitidt SR ShyCoidi 6P d8ims"&J §1.n the
s inorganic fjller (e).is used in aindparr_éunt of 1I%out yZO%to aglgut 80% by

wei ght basedWhgiein tiseaniipe gringpgentdsresenhig anagountof #hoidi 10V, 108%, byrweight

t her noset t i Nigasé®si 1Btab RABRSH SdnRt MARCThEREetiife AGY BRBoRforc! @i N8 1 to 29,
wherein the conpound (d) is.alum num hydroxide, 31. The thernpsetting resin

conposi t i'on Atcor ditfdherBotetiineFesp comprsttionacegyding to claim 32, wherein the amine
curing agent is DBU.

34. The thermosetting resin composition according to any one of claims 1 to 33,
wherein a modified catalysed phenolic resin curing hardener is formed from a reaction of
the amine curing agent to the phenolic type hardener.

20 35. The thermosetting resin composition according to claim 34, wherein the
modified catalysed phenolic resin curing hardener is formed from a reaction ratio of the
amine curing agent to the phenolic type hardener from about 3% to about 30%.

36. The thermosetting resin composition according to any one of claims 1 to 35,
wherein the phenolic resin curing hardener is selected from the group consisting of phenol

25 mnovolac resins, cresol novolac resins, copolymers between dicyclopentadiene-modified
phenolic resins and phenol novolac resins and/or cresol novolac resin, biphenyl aralkyl
modified phenolic resins and paraxylene-modified phenolic resins.

37. The thermosetting resin according to any one of claims 1 to 36, wherein the
spiral flow percentage drop is less than 20% after storage at room temperature for 60

30 days.

38. A semiconductor device encapsulated by a thermosetting resin composition
according to any one of claims 1 to 37.

39. A method for producing a thermosetting resin composition comprising the steps
of:



To al um ni um hydroxide is used in an anount of about 5% to about 20% by

wei ght based on the total thernosetting resin conposition. 32. The

t hernosetting resin conposition according to any one of clainms | to 31,
wherein the am ne curing agent is present in an anount of about 10%to 100%
by wei ght based on total hardener contegt in the thernosetting resin

conposition. 15 33. The H;_%arrms tti.ng resi n,conEosition according to claim
32, wherein the a _"ﬁ’é‘gaﬁ tr?&%?g@wﬂwir%mpseﬁnm. apfiaey hé‘FYFB%etati @i n
conposi ti on eep@idie@niiy Fowm SRt 66°C tRhiTkt 170°C B3 rea¥®e teh Redpdimtiel dred

cat al ysed ph%nollﬁo(t:em n ¢ rgaﬂg hardener is formed froma reaction of = the
am ne curindg abtelr? f?"(bﬁgzéﬂ olic type hardener. 20 35. The thernpsetting
resin conposd ti onaddif@itlihiie bty @tdlysBth thvhRkRt b fhf a caRliséd AibneRd Akvsed
phenolic resin CEI‘I ng hardener is formed froma reaction ratio of the

ani ne curi nd"HBRATIELERS phenol i ¢ type hardener from about 3%to about

30% 36. Thes t her BRE&NE tHeGataBRbdpleRSROGEh IciinPkAneE Wilh bR Xy i€ af aCl ai ms
| to 35, wherein th%ﬁég nolic resin curing hardener is selected fromthe

group consi sPFRgGURgse om the gy GPusting OF A dnety] pxidg,) and s compeundsagissted

copol yners bednvaRerowl consibiaipestt 2dictil 9xide dhd b @ompARIAGEHEschRE by IheempRenol
novol ac res;qr/}s ﬁn /or cresol noyolac resin, biphenyl aralkyl nodified
phenol i ¢ resYlifs aﬁdleﬁal?é&ﬁ T ARSI HSHEW 1adiFdl gpdl R imselectegidrom the

t her nosefd i @oamhﬁstwhﬁa&nt@d@yo ohgik@f clains | to 36, wherein the
spiral flow percentage drop 1s |less than 20% after storage at room
tenperature for 60 30 days. 38. A sem conductor device encapsul ated by a
t her noset t i Y. r esiThe GRMBADK Liali 39, 3AEadA tHeEohPoityis @ TRnRfretald@ht Whidh H&es37 .

39. A nethod for producin t hernosetting resin conposition conprising the
steps of: 25“°tﬁ‘§1é£?ﬁ§°f§f‘° E%“Ph%ﬂ‘ég'phenol ic resin curing hardener having a

softening tenperature ranging fromabout 50'C to about 170'C in a reactor

to a tenperajure ahouyt . 1900C t o _about. 200' C. O adding an am ne curing

catal yst % o the r&&‘EP’S&“’#Bfé@F"rﬁ% r&&t‘&h?%‘éé'gﬁgﬁﬁﬂai{ i 18 OX¥EBur i ng

har dener; and bl endi ng the catal ysed phenolic resin curing hardener with an
[ d ; | ect f th i sti f t al

oxi do. and d3compdhi SRR of engone of dlaitms 38, 40'6r & Vet RP i belona Horttmes ' 2

group consisting of hydrogen and C; to Cs alkyl.

20 43. The method of any one of claims 39 to 42, wherein M is selected from the group

consisting of barium, strontium, magnesium, aluminum and iron.

44, The method of any one of claims 39 to 43, wherein the compound is magnesium
oxide, magnesium hydroxide, aluminum oxide and aluminum hydroxide.

25

45. The method of any one of claims 39 to 44, wherein the amine curing catalyst is
DBU.
46. The method of any one of claims 39 to 45, wherein there is more than one

30 phenolic resin curing hardener is present in the heating step.

47. The method of any one of claims 39 to 46, wherein the phenolic resin curing
hardener is represented by the following formula:
Formula (VII)



fromthe group consisting of a netal oxide and a conmpound represented by
the formula MZ-R, where Mis a netal, Z is an oxygen or sulfur radical
and Rl is selected fromthe 10 group consisting of hydrogen and C, to C5
al kyl . 40. The nethod of claim 39, wherein the compound is a flane
retardant which does not contain hal oge or phosphorous. 15 41. The net hod
of claim39 or 40, wherein Z the formula MZ-Rl is oxygen. 42. The net hod
of any one of clainms 39, 40 or 41, wherein Rl is selected fromthe group
consi sting of hydrogen and C, to C3 alkyl. 20 43. The nethod of any one of
clainms 39 to 42, wherein Mis selected fromthe group consisting of
barium strontium nagnesium alum numand iron. 44. The nmethod of any one
of claims 3 9 to 43, Werein the compd®id i s nagnesi umPBxi de, magnesi um
hydr oxi de, al um ngn oXd al umrn
one of clainms 39 to i he ¥ is DBU 46, The
nmet hod of any one o e than one 30
phenolic resin curing hardener is present in the heating step. 47. The

met hod of arWhesgie ngs aglintpges 08 9-10and BaclwRap ddependentphamatbincorr greiimsetagtedng
har dener is t i la: Formula (VU) 26 OH OH OH
wherein n iéﬁgﬁa?%?g%g&mgyﬂﬂgggggﬁgﬂ%%@%dg&&gyindependently an atom or
group selected froma hydrogen atom a hal ogen and an al kyl group. 5 48.
The nmethod of any one of clains 39 to 47, wherein the epoxy resinis
selected fromone or nore fromthe group of epoxy resins represented by
Formula (1),4811) The metiod of @py/pne pfiglaims 30\pd7awheremcthe beakylresivimselet®@d The

ager moset ti Nghrh 834 Br £8f8R5Hh teQRol Lo rddihs riiftedThicA 8¢ Mtmh 3)MEN 38,0 48-
(IV), (V) or (VI as described herein.

49. The thermosetting resin composition produced by the method of claims 39 to 48.

10



