t THERMOSETTING RESIN COMPOSITION FOR SEMICONDUCTOR DEVICE ENCAPSULATION
AND SEMICONDUCTOR DEVICES s FIELD OF INVENTION The present invention-relates to a
thermosetting resin composition for semiconductor device encapsulation. In particular, the present
invention relates to a thermosetting resin composition comprising amine catalyzed hardeners. The
epoxy resin compositions of the present invention are also able to maintain good moldability and to
reliability after storage at room temperature for an extended period of time. BACKGROUND OF THE
INVENTION El¢3igRM815IICHGAR ESIE GOM PO SBIRa00e Bl aX M0N0 #6 W aiosdpegrated

circuits (IC) and the like haﬁﬁ@ﬁ%éﬁﬂ%%ﬁ%ﬁﬂﬂ%&ﬁgmﬁ@%ﬂ@ there has been

used in integrated circuits a thermosetting resin such as an'is epoxy resin having excellent heat
resistance and moisture resistance, obtained by curing an o-cresol novolac type epoxy resin with a
novolac type piepDicossinvRIRIaaly, an integrated circuit sealed in a thermosetting resin is used
widely in commercial ctronég&roduct and telecommunications electronjcs and, thus, offers a large

manufacturing base. T eetl"%rf:m_osef Mg resin'sRcapstlafed IStEYSHERRFEE s SHBPYSBImEMmajor
benefits in termgyfendicion devietgprcpestibtmande andiavailabilityprddest aapabibityrefamarifacturing

the thermosettineresiaaRCRBRUBIRHINBAAIRMA GHRHIR I  2508y/AIMEsARd 343 low CosLis the

major driving force for wide ip ustrial usage of. thermosettin%resin encapsulated integrated circuits.
Consequently, TPTEPEESERIR Y9 B RIEA PRI ts abmirble i ferisiaueesh ey abiige digk with a
low or reduceddpdrlitingfie Stoogetat prowitimpoostrefinciivexand effieitnt gragidction environment. The

thermosetting geginieRsRPSNBIEF iR RN IR 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 Elesitsigal eaiserathras reanierforesivanes idiodenliyarsitiersargevefibesto 10C,

and thus it canifitegseied thatRO donsiterakltienargy isexpaatedtammainaindigiovtempesature
range. Consequgg&y1 t Id_ room storage requirement increases the operating cost for integrated
circuit manufacturers’a.r T %Sigli'gav:\;/o%gl%l be ¢ elstllré%%gaaﬁe benhe |%ia %eéﬁ'r?ﬁ%%f@ cﬁ%‘dﬁ% tAfs®ld room
storage reduirSRENt 'S darnesT 8 leBhiret Fatibanes rod vimystarad fsisiitate dbistiord by curing

an o-cresol novolac type epoxy resin with a novolac type phenolic resin.

Presently, an integrated circuit sealed in a thermosetting resin is used widely in
commercial electronic products and telecommunications electronics and, thus, offers a
large manufacturing base. The thermosetting resin encapsulated integrated circuits offer

20 some major benefits in terms of cost, size, weight, performance and availability. The
capability 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 fo considerable cost savings and facilitate faster

production for integrated circuit manufacturers.



production for integrated circuit manufacturers. 2 The invention disclosed in Singapore Patent
Application No. 200202092-3 filed on 9 April 2002 &Sumitomo Bakelite Singapore Pte Ltd) discloses a
thermosetting resin composition such as an epoxy resin composition, which is able to be stored at
normal molding room temperatures of from about 20C to about 30C, with minimal effect on its

physical propertige. ilbhencontenRtsRESINRIReAS Pa At A RIS NSI0200202082-3 giled ipgorporated
herein by cross- rence. .The thermasetting resin ¢ ition.such as an epoxy resin composition
disclosed‘%? rﬁﬂsi_ Squ?plg%%%@%s%%%&esgﬁﬁ?gfgc ngzﬁ%é tsdlssﬁc S ﬁltéﬁggr)a eé’laecﬁr%%itrsgs owever,
the thernsosmtipigossimdoaspasitondissiosechin®ingeporehiRhtentaksplicativstde200202082-3

typically cogiaing flamne eetprdanie g epatain haleaen andirhespherernidhesefaleggnand

phosphorous containing flame retardants are usually considered fo be nqt enyironmentally friendly
M el S e R R e e
set out in thiMastediectndat andsEddetronic Equipment (WEEE) and Restriction of Hazardous

Substances in Eiectigal Aad FlESLANG ERVAMENL(ROHREuonean camaualy Blssies

Accordinﬂly, it would be desirable to provide a thermosetting resin composition such as an epoxy

resin contpd SRBICAIREH U HEH g sradiesmlesitisrpainech e dHre et RiEdithddevesitaibing
halogen angrphesphoresis enteppraudedalitsnatie Sesisboad oS onsltadiasalkiowrovthesprior art.

SUMMARY, OfTHRIMVENTION Asearcugly, 10 & sk aseeet, sie igprayided a thermoseting resin

. 11 . . .
compositioh for -~ sealing of semiconductor devices, comprising: poxy resin; (b) a phenolic resin

curing hardener! @seantuaisss curitdy cahayRhors (dyentbnp®uriess ectedontstiecgtsuplloonsisting
of a metalxiderant aEANPAUAEbIRRIRIBN RN Fham B IMIEY e RIS MR MEtakhE s an

ooty o R ekt I e R
180C. Electronic Equipment (WEEE) and Restriction of Hazardous Substances in Electrical and
Electronic Equipment (ROHS) European Community Directives.

Accordingly, it would be desirable to provide a thermosefting resin composition such
as an epoxy resin composition which do not require conventional flame retardants such as
those containing halogen and phosphorous or to provide alternative resin compositions to
those known in the prior art.

SUMMARY OF THE INVENTION

Accordingly, in a first aspect, there is provided a thermosetting resin composition for

sealing of semiconductor devices, comprising:

(a) an epoxy resin;

(b) a phenolic resin curing hardener;

(c) an amine curing catalyst; and

(d) 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, 7 is an oxygen or sulfur radical and
R! is selected from the group consisting of hydrogen and C; to Cs alkyl, wherein the
softening point of the final cataylsed phenolic resin curing hardener is between 120°C and
180°C.

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 C; alkyl.

The metal M in the formula M-Z-R' for compound (d) may be selected from the

group consisting of an alkaline earth metal and other metals, The alkaline earth metal



The thermosetting resin composition is preferably suitable for storage at a temperature from about
20C to about 30 C. The radical Z in the formula M-Z-R' for compound (d) may be oxygen and R1 may
be selected from the group consisting of hydrogen and Ci to C3 alkyl. The metal M in the formula
M-Z-R' for compound (d) may be selected from the group consisting of an alkaline earth metal and
other metals. The alkaline earth metal 3 may be sele¢ted from the group consisting of calcium,
magnesium, stienstierseladedarinthEhaatheomatals Baydneiude alumisymanddsanubhedarmula
M-Z-R' for con‘iQL%imd may include metal raxides and metal oxides including aluminum oxide,
aluminum hydromagl,' Hﬁ%ﬂ%ﬁ%&%ﬂ% & rﬁ%prsly(%wglbur?é%ﬁﬂnmaﬁ@qgro&ide. Compound (d) of the
thermosetting resin comidemBHaoMHeTbrésasnmoandioh mrayiatbulbeeifldméostdrsamt whish does
not contain halggas; o5 RARSANOASINTRE RUG/ refihiahayBeARSe L0 AMUEOf about 5% to
about 50% by wegirght baée on the total thermosetting resin composition, preferably about 5% to
about to 45wt 0, rr?(%lrue"b SfEN ‘f/ about 5% to about 40%, still more preferably about 10% to about 45
%, still more preferabl{-etbpunkDid)tofabeubatdsctsinig mshe aneferdliy aliobit jkl6roiateiiod0%, still
more preferabl A BOXhin.2n0ul Attt B ATEIRIAR - BAGKL AN I ggut 35% stil more

u

preferably about 20% to about 30%, still more preferably about Z20% to about 25% by weight based on
the total thermosetting f§sTROTE S5 SBSHBH DT BEEH6 5 28 SHay At do A et &naining two
or more epoxidesigiaupsedroitsimatedulasriesserhB e ROXAIFEINI(R) Pras s aiWagrune.epoxide

ScrzcHB-CHa b GRS WAL R AT ek e B e AR ioge

OCH2CHO-CH2 R OCHZCHO-/CH n herein n’is an integer
of 0-10 and ea®Pi ¥ indeHE et praivabdimbeyrbllp SerbeidiIrémsiydragemreftraldgehoand an

alkyl group.  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
preferably about 20% to about 25% by weight based on the total thermosetting resin
15 composition.
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 époxy resin (Formula I) as shown below:

Formula (I)

OCH,CH—CH OCH,CH—CH, OCHzCPjC?CHz

} R©—‘<CH2 R@ )n CH; " O

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 dicyclopentadiene type epoxy resin
(Formula Il) as shown below:

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

"OHC 0000

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 II) as
30 shown below:

Formula (II)



The epoxy resin (a) may be also be a dicyclopentadiene type epoxy resin (Formula Il) as shown
below: 25 Formula (II) OCH2CH CH2 OCH2CHACCH2 OCH2CH-CH2 ,6 R ~ R O Ro wherein nis 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 HI) as 30
shown below: Formula (Ill) 4 R R R R HZCC-O HCH20 O O CH2CH CH2 R R R R wherein R is
independently an atom or group selected from hydrogen, a halogen and an alkyl group. s The epoxy
i Rar&kyl ntodified epoxy resin (Formula IV) as shown below:
2RO RO OKIHZG G HZ io wherein n is an integer of
deishcle giotig,seleeted, from hydrogen, a halogen and an alkyl
group. The epoxy\@asin (a) may-bé tri- or mu\l'fyfﬁnctional type epoxy resin (Formula V) as
: 2 2 OHZCHHZ OCHZCHCH2 ORp ORROOR\~/

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

alkyl group.

5 The epoxy resin (a) may be also be a biphenyl aralkyl modified epoxy resin
(Formula IV) as shown below:

Formula (IV)

OCH,CH—CH,

OHor O~ OO

1 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:

Formuta (V)
15
OCH,CH—CH CH,CH—CH .
2 \/ 2 2 \/ 2 OCHzCQ /CH2
R o R O R e
OO O
R "R
OCH,CH—CH QOCH,CH-—CH
' 2 N/ 2 2 \o/ 2
d .

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)



OCH2CH H2 OCH2C\ CH2 O O 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)5 RR R O OR H2C
~CHCH20 OCH2C\CH2 ORR R O H2C CHCH20O O O OCHzZC\CHZ O)TER R R whereinR is
independently an atom or group selected from hydrogén, a halogen and an alkyl group. The epoxy
resin (a) may also include other compounds and/or polymeric s 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 to about 50wt% based on
the total thermosetting resin composition , preferably about 5% to about 4Swt %, more preferably
about 5% to 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 is 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
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

s 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
€poxy 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% to 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 phenoiié resin curing
hardener present in component (b) of the thermosetting resin composition. The epoxy

20 resin (2) 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.



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. 6 The phenolic resin curing
hardener (b) in the epoxy resin composition may havesa softening temperature ranging from about

50C to about 170C. Theh %@8@? resin curing. h denea%b in the thermosetting resin composition
SRR CHNOIRIER) (zrﬁt CESh St 685 PPRE Bhekblic resin s

may also have a softening temperature in the range o
curing hardeneP38§ i W&ciies BBt eshzEsneRitornnl/ Glso dane 4760fenWiy pboapBeature in
the range of abastib06ite; AeuEdR06) ThaRNENQlitERMIRCWERY &%gsﬁﬁsﬁbﬁﬁgt%&hﬁﬁ%(ﬁetﬂng
resin compositig&gﬂa{y atlés,o réra\{g a so%leni{lﬂ% temperature in the range of about 65C to about 155C.
The phenolic resin curng hardener (o) i CREARRY m% Véé’l{ﬁo%i@ogﬁiomi‘ﬁéﬁ?‘af%%%@a
softening td terfipératbredeanyity frotheatiound@Citg aboutchbPGsipvaleiaplylabnutd 3Gdteabgut 145C,

preferably 80C ia:pbaut-d 4aCprefrrahly 865ateaRoul 140G, Rigierally S0F. tg.about 135C
preferably abo#tg%FC to ﬁabout 130Céprefera‘bly,about 100C to about 1265§%nr(§fgr5 SI’)? about 105C to

about 120C. THEPfigto '%)re‘ginﬂ&%ri'r%‘ﬁrﬁ‘g?&@w& By M apERPITIEAN ABinelsPabatr (71 ofispbat is
50wt% based drntertotal pineholicagsinfcavapostian.«J hd@hendreresin gHéRgHRaregnes kR may also
be in an amounafaRPU4Y- 1 toRbOL %, preferably about. 0.5 to abgut 30 wt%, mare preferably
about | to about 25 Wt%%ﬁgore_ preferak%ggggb@?ﬁ) 1 fo about pﬁf)l\t/f/?%,%agreglﬁpefe?gglyaaﬁ%%?r& about

15wt%, méte plEFEEHRraEsHEREoim abadIRSE, troreoptetasblypatioublytebabb it Bh9dbased on the

total phenolic rediitcyingr)egent capRasteTIpbe My BOselingsesineempRzian, dhe-phenolic
compyise more than one

resin curing ha r.(b) dgthe thermosetting resin composijtion m f

phenolic resin é%%?\%uhgége(é’e%? Vheh ?%%?%%ﬁgtgﬁgm%é%%% Pé?‘%@ffﬁﬁ’&%rb%%& ®H8%mployed
in combination 1A%He fielerbdeahnytEHC torhous kA they can be, for example, selected from the
group consisting of phatelpedMvalasmesing HareS By RlaF 1ESING: SABAYTIEHS-BEAEEAhout

dicyclopentadi%rée-tt;p%iifi%d Iquenoli r%sin?_ and_phenol novolac resins and/or cresol novolac resins,
paraxylen & 'Wi7e based on the total phenolic resin composttion. The phenolic resin curing hardener

(b) may also be in an amount of about 0.1 to about 40wt%, preferably about 0.5 to about

30 wt%, more preferably about 1 to about 25 wi%, more preferably about 1 to about

20wt%, more preferably about 1 to about 15wt%, more preferably about 1 to about

10wt%, more preferably about 1 to about 5wt% based on the total phenolic resin curing
20 agent composition in the thermosetting resin composition.

The phenolic resin curing hardener (b) in the thermosetiing resin composition
may cotprise 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 thermosefting resin composition. A ratio of the amine curing catalyst (¢) 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 moré 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



modified phenolic resins and biphenyl aralkyl modified phenolic resins. The amine curing catqust (e)
may be present in an amount of about 0.05% to about 1.0% by weight based on the tpftal 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 preferalfly about 3% to about 15%, still more preferably

about 3% to ahgpi.10% andyekslil Bors Reeferahly.aBout 3%, to.about %, The amine curing catalyst
(c) may be an amine curing catalyst which is capable 35 of reacting wit ¥he’p?1eno iC YeSi curing
cf‘&’t‘écl

hardener (b) to FSAREE ARAIVESEBHERRC GEalst- hﬁ%ﬁ@?%%l@@xémb@%ﬁﬁé@@@hﬁmy amine
catalysts, secofidan anirkl gatalysticanid [S/tiannadabegCcat@ysts. Some eé%r;]p_lrehs include 4@ o
benzyldimethylamine BDMA) and 1.8-Diazabicyclo [5.4,0] undecene-7 (DBU). The compoun o]
the thermosetting resing%grﬁ%rggﬁ%ﬁlli@sggc eeéhl fom t%én% 6ol S RBRSL ’8@51%%%?8%0‘8? and a
compound teprESEA e H§te b amat iR and/ hexsrivosnd naptedeies an thxygemibr SULR tadical

and R'is selecigffiom 1ha graup £nsising:af by dhogenaRdiGHIPIETaM. e setal xigs which
may form compound %gg}f@nt in tha ermosetting resin composition of the present invention may

include metal oXgaa PRBANS W Se1dtdd from an alkaline earth metal, a transition metal or

other metals. The alkallite ezt medal mawmydﬁ:mlchmpomﬂgaf}mxﬁtﬁﬁmimhmmwn. The
ransition metak.SeYaRLIERI ARCLAUNn EXARRISAALAAINE SAUR MRt ides nclude

aluminum oxide, calcium oxide and magnesium oxide. The compound which may form

compound{d) P fretemainbing saehimy s %ﬁiﬁf@ﬁﬁ’éﬂ%i@ﬁ@tﬁémimvgﬁﬁ(ﬁﬂfﬂih@e M is a
metal, Z is an exyigarter majfiidadical ot Rhiges iaﬁeaﬁﬂm&h@awm@oﬁstmﬁl@g@m&aiu and Cl
to C5 alkyl, may.inc 0 s.yhere 7 is,oxygen an is,Ct to C4 alkyl or rogen. The
alkaline earth ar?lﬁé al%@ﬁngﬁﬂglgmn%%gngé%grﬁe}esstrgglt?urﬁhélﬁdeaﬁtahri&}ﬁ%./a‘]rﬁ’é( %Snéli]ﬁﬁﬂemetal may
include iron andAHRIFRURIILOCHERBONIdS Bl NRZRIYsReIsidbly includes compounds selected from

the group consisting ofigduiipauAXidd. 2RMRHIMhYEEOXiIdRmMAagRESIMD yArpxdeand magnesium

oxide. 15 thermosetting resin composition of the present invention, 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, may include compounds where Z is oxygen and R is Cy to C, alkyl or
hydrogen. The alkaline earth metal may include calcium, magnesium, strontium and
barium. The transition metal may include iron and aluminum.

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 90wt%, about 20 to about 90wt%, about
25wt% to about 85wt%, about 30 to about 80 wt%, about 35 to about 50wt%, about 40 to
about 90wt%, about 45 to about 90wt%, about 50 to about 90wt%, about 55 to about
90wt%, about 60 to about 90wt%, about 65 to about 90wt%, about 70 to about YOwt%s,

30 .about 75 to about 90wt%, about 80wt% to about 90wi%. In another preferred
embodiment, alominum 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 fesin

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



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°/(g about 10 to about 95wt%, about 15 to about
90wt%, about 20 to about 90wt%, about 25wt% to about 85wt%, about 30 to about 80 wt%, about 35
to about 90wt%, about 40 to about 90wt%, about 45 to about 90w-t%, about 50 to about 90wt%, about

55 to abaét iQAwEmoakoUE B8uia abpul Sewih sebeyths dntabaed I9WikoiaRonEARJQ AbRUEAaWL%, 30
about 75 to abo%tC?HO\Aﬁ‘;/o, about 80w§00 to ab(%lf Owt%. In another.preferr , aluminum

i
oxide or rcr%ng%‘)esélhm‘ oxide’ ?nmariloﬁreldu e)dﬁé%vﬂ%"lfe%%fgra'&naf@?ﬁl%e? fc%rl?% to%%’of?%??%%?e%eﬂf
inventionabWiteh tthebouimisdanet @hoist & ThétedthydrbXideotbasnpbutdateiumbly heprbseni (b an

amount af,algut 196:16,3houh2B%D WA Rt RRsRMA etk esmpsating resin 35 composition.
When the compogund (d) is algggtal hydroxide, the compound (d) may also 8 be in an amount of about

1% to about 159%0'biPVERIHT BASE DT 25N BN B g S SLHIOS R TS SHBRISHPBGA (d)
may still Bes ipresesniowntiohabbutadiowe atbabit 15dyaaic dibut (b toatgutihd Ymmypabduld] Ymty about

16% or shoutA0dt 18 ahoul, 45, or ARl 1% 18 ahat g relaibhesedan e faial

thermosetting resin composition. An inorganic filler () may also be"present in the thermosetting resin
compositiBF B IFHE 1 ESERCRIVBATIBINIT hBSIEARSTIHE hoY §asretilsr q@nronsap tharabbpund (d),
may be preaafiit &t abvauriigh abosBAR % alowBhimayaweighhbased et ietahgthesmosetting
50% 10 b0 0L By TR BRI S e et Ll ot R PO ier
(e) exceptiigaonipabrant {8y mey stifuie/Slesbrit et apaoerhtast oo 80U eatrstiir0¥6shy weight
based oncHigpsdridhesMPpRIAIOSIR: CRRRASIIAN.SHY preterahly.dhgnriaaniadiles(al sxaept the
component (d) is present in an amaunt of about 60% to about 70% by weight based on the total
thermoseé %s% ag)é)l%tpggiﬁ’oﬁ? &%88?5#5{0‘% s‘é%‘&g‘a %@f)%%t?f‘né}?g iCElo MBI B LERE B Buctor
device encapseddied by the thermosetting resin composition as defined above. According to a third
?feppescgfthere Is REQUIdGHAJ LA PLRRAUGINE R HSURRIELING, R LAPRRHEOVRAMAIIFYAg the

by the thermosetting resin composition as defined above.

According to a third aspect, there 1s provided a method for producing a thermosetting

resin composition comprising the steps of:

. 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

. 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.

According to a fourth aspect, there is provided the thermosetting resin composition

produced by the method as defined above.

DETAILED BESCRIPTION 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 through

the application of heat.



heating a phenolic resin curing hardener having a softening temperature ranging from about 50C to
about 170C in a reactor to a temperature of about 190C to about 200C; adding an amine curing
catalyst to the reactor to form a catalysed phenolic resin curing hardener; and 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 represerged by the formula M-Z-R’, where M is a metal,
Z is an oxygen or sulfurfadical and W.is sele tedcg‘from he group consisting qf hydrogen and Ci to Cs
alkyl. According to a fogr[}% %ﬁs%gagtc, }fﬁsei?ecfls,rlg gl\ll?“r ed ?ﬁé{) t%e‘?a os%itiﬁe rr%séeflr?ecgo %o%ﬁgoﬁ’ duced by
the method as §¥fnetidfioye IEPA NP YBCRIPRGHK OF HEINVENTION The phenolic resin
used in the catglyga@iagndaner 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 tyBFaIIy is only mobile wt}ﬁ_rll temperature rises above the
hardener softening ploint through the application of heat. 9 The phénolic resin curing hardener (b)
hjla (VI i T

eﬁv,i resin as set out below:
Formula (VI OH ﬁ ger of 0-10 and each R is
independently an atom or group selected ydrogen atom, a hafogen and an alkyl group. The
curing hardenerprovigl@sishe rRsBNethanMeseHion reR ERINASHINWLkE R dres s @Rd
processibility. 1 Owﬁ%%i inal Ooftear}ilrzzllg)t%ring%raturl% (f th(LeHPhenolic resin curing hardener (b) may be
from about 50C to a Tt he p Eholic TéSA ﬂ ‘Fﬁﬁ ardener (b) may be present in an amount
of about 0.1 to about 539 byrinsibdpasseroniddse o tabghisgdliermesittiogring heropneitiim thigh
thermosetting rg&amgﬂjmhﬁ&ggign@ypr more types of phenolic resin curing hardeners (b) may

be present in combinatjQn in the thermosetting o .
10 e original softening temperature of the phenolic resin curing hardener (b) may

may be represeR a phenol novdlg

be from about 50°C to about 170°C. The phenolic resin curing hardener (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
1S resin composition.

In regard to the blending ratio of the epoxy resin (a) to the total phenolic resin
curing hardeners (b) and (¢), the epoxy resin (a) 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)

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

25

group of the component (a) 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-determiﬁed

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



1s 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 (a) 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] undeggne-7 (DBU), which is represented by formula

(VIII) as shown below: Formula (VIII) (A" N~N 25U DBU’ﬁ/picalg_acts as a catalyst or an accelerator

= :
for the reaction betwedh Hfe"¥bE)E JFBMS BRI ESRpoiiarth BRY the tisb BhgrGp 6 S phenolic
resin componelutsabiail HADB thenaybeseatiagdnioe plhenglicapasbili wuikngkbigrde beradh)dna
pre-determine ' %; 9 ing. poipt.of t Jies| I 0(9'{' e phenolic
30 resin cu ring;11 ﬁgﬁﬁérﬁ%é%ﬁ I?&%&%gﬁggp%?g %a?r%g%godl?ttt%o%g 1?, Tf%gegnghéinﬁn% _
temperature of {FRIQES ISR D BighFotRd $hén ik raeifiing werrgisn cepaklife Ausie gdemster

temperature starageicgpaliltity is ikabhie beaehieurchigheitodie, Bighd arslivitg: dbHhsosaltening

temperature of the resfklggﬁlt DmBU odified phegg}iec rgglig is higher haré 11180C thew%?ﬂllln%groperty

capability during transfer s r%ouala?n%cfgrf%@ 6 be &¢ |eve%md[lijgect%tal & ig%r%%’g SR SHRE oulding

compound. Fdresedmsrtfaetermiedy Protediire piamdiansine caiakbeddtaoénetynhelillowinga

procedure is prgieciash binsidyatianphesrlicyesingeting hatmenendd). Hiqalydaying, &, safianing
point ranging from about 50C %o%g(tgout 170% O%s hegted in an agitated reactor to about 190C to
é I #185

about 200C unfir&iPoFHEE%%h fRahen; AiH ALk oo PRIt PR ARs Radenndthatalyst,

such as DBU, ragitfig from about 3% to about 30% of hardener weight content, was then slowly

added to the melted phegaligfesinicuiagiNerdenels PR 4RA0 RIS HITs.Hualion ffienall the
amine curing catalyst such as DBU was added to the reactor, the whole mixture was kept in the
reactor for a sd}?ﬂﬁ@er weight content, was then slowly added to the melted phenolic resin curing

hardener in a 20 to 30 minute time duration. Afler all the amine curing catalyst such as
DBU was added to the reactor, the whole mixture was kept in the reactor for a suitable
15 period of time (one example is for about 2 hours) at a temperature which may range from
about 190°C to about 200°C.
Then, the reacted molten amine catalysed phenolic resin curing hardener was
‘poured out and cooled typically in a water bath. The reacted amine catalysed phenolic
Tesin curing hardener was then crushed before usage in the thermosetting resin
20 -composition of the present invention. The final amine catalysed hardener will typically
have a softening point of about 120°C to about 18050. 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
3 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 crésol novolac resin, paraxylene-modified phenolic

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



is period of time (one example is for about 2 hours) at a temperature which may range from about
190C to about 200C. Then, the reacted molten amine catalysed phenolic resin curing hardener was
poured out and cooled typically in a water bath. The reacted amine catalysed phenolic resin curing
hardener was then crushed before usage in the thermosetting resin 20 composition of the present
invention. The final amine catalysed hardener will typigally have a softening point of about 120C to
about 180C. The prefe amine catalystis DBU. Also, the present invention may include the use of

e .
more than one type of ﬁluél Shnihe RIS JBYRERTHE?, WS e hpusa oL e S setting
resin 25 compasitibmiFisesdifie rentriyipmy lphaspimecc (iR s ed- hatddisidntypicalvnpandckidera -
different amine;RRiRI AR MRUIHERACIS AN m R M RNARQIRJR I PHERINAER I AlcIe Same

amine content reacted with a different phenolic resin curing hardener and/ oth together. It is to be
understood that'BY SfctBiRD RERsHCFELRTIHAY taldBHers, hedhaseossting Reaiss ssmasitioresin
curing hardeneBwuitdifigrentisefieniogmainds aimditace bt typasieiohanlisnaaiiisy dnehasdeners.

For example, tlggogéfgefrmgrté/l%;s ?1!: &Qgg&@c {E&Sig uI%Jsring hardeners may be selected from the group
consisting of phenol novolac regins, Cresol NOVOIAC resins, copolymers between

dicyclopentadiene-modifedijsHeamliecresiiy: analpHeriotersloiiersasinstandiot éresolnowolactresin,
paraxylene-mogifiad pberalio, &5 Mesins.dvhenyh arlkylnadiied ahsnoligresing Anshihadiks. 11

Further, the present inv tio&l alsg incbg%es tb)e of other curing catalysts or accelerators such as
triphenylphospF'E‘lxlIrll(()a‘“ﬂf{}f”g}g’:S SRR IR Sle 12T ARE e PSRRI e Y aleR B tBrss B those
skilled in the arthwhishitimaynbakdse diedoohjs hidtidn tavitbrthesanmiheheuriog CathlystpsyehtasiBBU in the
thermosetting rsipcAMBASHABraR. TS SAHUACLRSSSIETRIAN CONPOMRISIETSILIET R Hsgghglone o in

combination of two or moye of such curing accelerator compounds. The main amine curing catalyst or
accelerators mEFHEGSEH i 4R IRISHFRDEY LAploRBnss WRAGOBb RPN, StTaee Geability

thermosetting mesinbeordpesition. If an amount of less than about 0.05 wt % of the amine curing
f;tea;g l'of‘; g;eer?y tahlig hargngsmlkiaiie (&R UDmpodedpradustis kel 19,45 Cgass and fre mould
ts  improved physical properties afler storage at room temperature for extended periods of
time when compared to known epoxy resin compositions and these properties include
flowability and moldability performance. In particular, the thermosetting resin according
to the embodiments of the present invention may demonstrate a spiral flow percentage
drop of no more than about 20% after storage at room temperature for an extended period
20 oftime.
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 thetrmosetting resin composition
may be about 5% to about 15% by weight, and may also be about 7% to about 12%.
The inorganic 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 (e} 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.



may tend to deteriorate. If an amount of more than 1.0 wt % of DBU is used, the reaction may
proceed in an undesirably fast manner and no room temperature storage capability may be achieved.
The thermosetting resin composition of the present invention demonstrates is improved physical
properties after storage at room temperature for extended periods of time when compared to known
epoxy resin compositions and these properties includg, flowability and moldability performance. In
particular, the thermosetting resin according to the embodiments of the present invention may
demonstrate a spiral fidRepEreERta§db BT B fHH6Te tRhFasibooopBRIs{GIagdhs rEsstnt

temperature fothrmextetcieefiadothpdbifiimgrcfhatifemnuossting rasio: Gomassitigaieiihadpresent

invention may be ygedl ot sealing semiconductor packages The campound (hn e thermoseting
resin composition of the present inven |onri§/p|ca7ﬁ/ acts as a flame retardant, which i an .
environmental Fietse)lmatetiaAmosi T dnsogmtiof BBenpouni(dien presqie shenmbeaties agitly resin

composition mayReHan aPperEItI80aWRAYS Boweian) iy AreRhIosaANIRNE M ibtheddis94 test
with 3.2mm thickness §J)e amount of compound (d) in the present thermosetting resin composition
may be about gg/glgguég at' 15% by weight, and may also be about 7% to about 12%. The inorganic

filler (e) used in the préBenththmmsgtetingresimpainpositignfundiyr 8Gneiseletteckfrarp theigroup
consisting of fuggd. SIHGRIPQNAEH RPRBHE R APRNAE  SDGRIRYI9E T GHPRWAS r SRR

agglomerated silica powder; porous siIica_(Powder; Silica powder obtained by gririding secondary

agglomerated SHELhAHAErOpSFEUE G iREIpbviEls s BRIMRTA A A FHidibRe St EFEBPIThBA BT ghic filler
(e) may also beﬁﬂﬂdmwimmtm@gmmggnaiﬁmg(Qfdmaﬁcgsiﬁsaxa@wme@mriﬁabsiﬁ@mwder and
a mixture of the, 55 w0, ploieRIRIionRs slisamdars: 4. e amount o' e AYIAC iR (©)
except the componen fd) in the present t ermoseﬁlng resin compaosition Is preferably about 40% to
about 80% by \R@Fﬁ}*ﬁ‘mtbﬁew- of balance between the soldering stress resistance and moldability of the

composition. Preferabiyythaigmaunk-ahisaanic dilanésdimihessresanifbarmosatting rasiens
oM PO O I8 B A oy Ao L O Y IO, S ProTerably Ao &0 RatQigPout 70%.
15 typically an epoxy resin, a curing hardener, a curing accelerator, fillers and other additives
are mixed sufficiently and uniformly using hot rolls or the like; and the kneaded product
1s preferably cooled and ground. The moulding material thus obtained may be used for
sealing, coating, insulation, etc. of electronic or electrical part(s).

Typically, the encapsulated semiconductor packages utilising the thermosetting

20 resin compositions of the present 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 retafds fire mainly due to its endothermic
decomposition to aluminum oxide and water.

- 24K0H);, - 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 thermosetting resin composition may further comprise, if necessary, various other additives such
as silane coupling agents, colouring agents (including for example, carbon black or red iron oxide),
releasing agents (including for example, natural or 10 synthetic wax), stress-reducing additives
(including for example, silicone oil or rubber), ion trapper and other common additives for
thermosetting resins known to the skilled person in the art. Typically, in producing the thermosetting
resin composition of the present invention for encapsulation of a semiconductor package and as a
moulding material, is fBfeafPanBisaieteBIAYESuinghrrasing EaimpaeesideatsiciRemtand other
additives are rajxed sssificieniiysiishuriforndabsingshataallsertaedikriiancthe kagragaareduct is
preferably coo d nd, The moulding material thus,obtained may be used for sealipng, coating,
insulation, etc.%?(g%c%ﬁfmw&he%&%fgf%g%(ﬁg ‘f%p}?ggﬁffa% éogﬁcéiepssﬁgtg%t slt,ltélrsnfgg?fgboé} rps gackages
utilising the thé&¥riddetMeian desisledrmposiionsomiet theseatirentor Méaptbdkdredlatndom
temperatuse apidemoBsiipaaxcolient pleatrcalraiabiityihaanricaniheloyesdhat sompounds as

described for (iﬂmpoun d) in this %lfk_?ﬂation and claims, including metal oxides and metal
hydroxides are aft &nvi BHER R ERRY R CamPits PEREUSSt for thermosetting resin
compositions, IBSSARIEENN GleRREYIRREP BMBMINENTSoXide or magnesium hydroxide. In

order to further illustraie, Apgl e YiFle AR SR AKAMAIS. Ah0 S VERIRD 1 INGARRIERN prelleves tha

aluminum hydroxide retards fire mainlggdue to its endothermic decomposition to aluminum oxide and

water. 2A1(OH)¥-S*ATDIS 319 FprshslesHistesotin aveata rpdkeo pld awbbmecrsigeditsm about
180 to abeut 200Einp e tedheash daibeatinieo bieakE o of aiminwim i v, (he appliaast believes
that the po'ym&{cﬁ%%%'&?e%’l%&ﬂ}gﬁg%@vﬁ %0' o%l} Rducts 0?3: 7 éq{m‘%‘é’iéﬁ 3dpiionlo (he charring
production of aluminum oxide, it is believed that'the aluminum oxide ACLS a6 an nsula INg protective
layer. Thirdly, %ﬁ@%ﬂ?ﬁﬁcam believes that the formation of water vapor has a 35 diluting effect on the
flammable gases. 13 Thus, this invention provides a thermosetting resin composition such as an
epoxy resin C%E&.S}H :Qn"%?'ﬁ% &t}lﬁ yts% Eggggegérr;ormal molding room temperatures of
15 For the manufacture of two DBU catalysed phenolic resin curing hardeners, the
following procedure was conducted. First, the phenolic resin curing hardener was heated
up in an agitated reactor to 190°C to 200°C until all the phenolic resin curing hardener
had melted. Then, DBU with an amount of 3% to 30% of total phenolic resin curing
hardener and DBU weight content and DBU are slowly added to the melted hardener in a
0 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

Exampie 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)



20C to 30C with minimal effect on its physical properties and yet this invention also provide solutions
for electronic parts to meet the requirement of Waste Electrical and s Electronic Equipment (WEEE)
and Restriction of Hazardous Substances in Electrical and Electronic Equipment (ROHS) European
Community Directives. DESCRIPTION OF PREFERRED EMBODIMENTS The present invention is
hereinafter described specifically by way of Examples, The examples serve merely to illustrate the
invention and should not be construed as 10 limiting the scope and generality of the claims. In the
following Examipl&@ v alifoRe B8hch componehtusByihth& fbwing compositions is parts by
weight unless @th&eniigepsipedifiet, Prepargtigogf &Blabatalysegdagrdeners is For the manufacture of
two DBU catalysed phenolic resin curing hardeners, the following procedure was conducted. First, the
phenolic resin curing hardener was heated up in an agitated reactor to 190C to 200C until all the
phenolic resin EemyY FrelenBPhEdimelted. Then, DB RSAY Hi#iglint of 3% to 30% of total phenolic
resin curing hasdeaahapsitBy-uaghtsonigshmsguRBlhareosiowly added to the melted 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 190C to 200C. Then, the reacted molten
hardener is po@ﬁ@@@@pwmmrm&wb@emh‘di&r@h@d fof peagey imeilghtfollowing examples. 25
EXAMPLES Exampladpbhe: ioliewing 6o ARELINGT @EP&sfive proportions were mixed at

room 30 temperature using a mixer, then neaded at SOC to 130C usmg a bi-axial roll, cooled and
ground to obtaiﬁ“ﬁeﬂﬁh?&ﬂﬁ“ﬁiﬁenal The compositio?r wa¥4E BN Cresol novolac type epoxy
resin 15.5part&bymireiginhydbotsdétening point: 65C, eidxpaglivaleiht200g/eq) 14 Phenol novolac

type resin 1.2 mog%waéght (softening point: 110C0ty51£9;§¥)|yg;,%@“equwalent 104g/eq) Phenol
novolac type resin 1.3 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 lon 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

10+ 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 fo the lustrous tip) was measured after 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



s (softening point: 81C, hydroxyl group equivalent: 105g/eq) Phenol novolac type resin, reacted with
DBU 4.5 parts by weight (softening point: 151C, hydroxyl group equivalent: 104g/eq) Fused silica
powder 65.1 parts by weight io Aluminium hydroxide 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 is lon trapper 0.2 parts by weight The mixed
powder was kneaded at 70 to 100C using a bi-axial roll, cooled and ground to obtarn a mouldrng
material. RooMEH& e éﬁﬂ%@toﬁg@?‘@%%‘%te&“théﬂ’ﬁ%}uﬂﬂﬁg Brifi hdBeHkErESIHE a small
portion of the gawiaifwascsepardteddaidiadpdifsnaiacial and stored in a temperature-controlled
chamber with the temperature setting of 25C_5C. The initial spiral flow of the material was measured
and also at an interval.of once ..Ikus-eensﬁiufes%he-r?oom jemperature Storage Test. 25
Spiral Flow Meas f [ ' &

of 3 0.3mm was 1. ed. ,;,/ =
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Figure 1

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-%4
15 V-1)

For epoxy resin composition flame retardant performance testing, UL-94, developed by
Underwriters Laboratories, is 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
1molded 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.



Figure 1 5 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 addiignal 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, is one of the most widely used
and commonlyTaecaipieshigats wseddactheifigipeal epmalresiasbrRdhese isgudded forthis
Flammability te%%o';iz\c%e mBIes.of Fest Féiec%s molged rom a moldin mgterial havingegci%g(?sions of
7mm y i e

127mm by 12. . mlrlnn%nr%duweig Were moldet Stsi?/ngu%mér?r %‘nuﬁﬁofgﬁ”?gmﬁlg@ﬁme. ore the

test was condustid tesdersngid s savniiasvess e AreeeatstHarfsilvahopbisaditienis vpdeTmperature
at 23 2C; and SgpeUvEalative Numidityier af 1emsk 48 410k 50 38:0hhe Wesamples WRI e Akl clamped

vertically and burned for.a period of 10 0.5 seconds. The burning_time of each sample and.any burner
residue droppiRl e FaE HAC Ao PR IR &8 g%&ﬁoé’gmﬁI%E%a%s?ﬂ’i‘é%d?n@r‘qg‘iﬁqnﬁ%diately

placed again urederdide s respective sample. The burner is removed after 10 seconds of burning and

the burning time. gawing dime:aAndisRyBuinedrsesidye Aropring ?JE%HQ?t%Eéﬁ)%F IS mevsd:’s

recorded. The burning time andl_?IOWlng Ime for each sample was recorded together with the total
burning time fdrBsdimGRIst Y SPERSs JacudrdUras by BLatd Yeluths meodfu@imbinvibithe criteria
set out below ithd atilerih ket tue tiolahiurmislgldimedshesstdhbimtngtuad 19 126 than or equal to 50

seconds.

Table 1

Criteria conditions ‘ Y-0

Afterflame time for each individual specimen '1 or'2 <10s

Total afierflame time for any condition set

(tl plus 2 for the 5 specimens} =05

Afterflame plus afterglow time for each individual <0
<30s

specimen after the second flame application (t?_ + 13)

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 -péckage 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 minimum

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



seconds. Table 1 Criteria conditions V-0 SIOs Afterflame time for each individual specimen "t or'2
Total afterflame time for any condition set (I plus "2 for the 5 specimens) <SOs Afterflame plus
afterglow time for each individual <_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-l or V-2. Presmse%g%rgo%gr 'Iggt P eTgt%gtéergl m%#ldirﬂ% material was formedtinto tablet? \é/’th a
diameter of 48 mm an weid%lng grams each hese thhie 5%%‘:&%%6&85%8?8 4R4P 8 Electrical
Grid (TEG) diefd#4.6- pin Plastic Dual Inline Package (16p PDIP). These TEG die have no surface

protection and are "baye"dhshins Whighd udsddonelectbsalitasingand vhish repegsennthe most
severe testing &onditifgns whicr]) 25 are Iikely(it)tp be encountered. The sealed 16p PDIP package
r

devices were StSIEHth TSRy KpsgRralem Pl Grietrl §aPas LR AR RIFREC in a
sealed ausoclaleeicemntéivmingaepdnisechwatervitienpaeckage daudt geaperdes lisprbted @tadaiimum

height of 1 cm @&ﬁ?éfeelgaﬁsi%itiﬁlev‘féiﬁ{alfo%%%"c&ﬁﬁaﬁ@%%&ft&?%e%%@éﬁd[t?e%& .VﬁieEllgs%g%:%!’e}g

measurements were made at intervals and the package devices were stored up to 1000 hours. A
failure of the p5UIRAtHd He\riees RERCEsHEaR AL GAHFERN open circuit was detected and also by
observation of the external damage or degradation of the package s devices. For example, such
observations Vﬂgﬂpfigsuggogoperties including corroded device leads or the formation of conducting
matter betyween . The results were

The thermosetting resin compositions were compounded in the respective formulations as
shown in Table 2, and were subjected to the same procedure as in Example 1 to obtain the

moulding materials.

15 Comparative Examples 1-3

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

IExample Comparative
Example

1 D B3 415 i R B
-~ {Cresol novolak type epoxy resin (softening]5.5 {15.5 {15.5 |14.1 [14.1 {15.5{14.1 15.5
-: point = 65°C, epoxy equivalent: 200g/eq) '

{Phenolic resin hardener (softening point

prery

2 1.2 1.2
E110°C, epoxy equivalent: 104g/eq)

Phenolic resin hardener (sofiening poinfl.3 P25 [13 R3 R3 p4 R3 |1.3

b

=81°C, epoxy equivalent: 105g/eq)

{Phenolic resin curing hardener, reacted withi4.5 ©.5 4.5 4.0 KO 4.5
'-EDBU (softening point: 151°C.,, hydroxyl
~{group equivalent: 104g/eq)




reported in terms of percentage of failed units. Examples 2 to 5 10 The thermosetting resin
compositions were compounded in the respective formulations as shown in Table 2, and were
subjected to the same procedure as in Example | to obtain the moulding materials. is Comparative
Examples 1-3 The thermosetting resin compositions were compounded in the respective formulations
shown in Table 2, and subjected to the same procedyges as in Example | to obtain mouldlng

materials. The
and were then
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545451.0 4

é@ 'Es (SRlENiNgHROIE5A61

JacKage tevices for teSt purpoSeES WeTeprep

bhsaetied sdnrampeThiedings destebedidbove| The

Ieu

Gy sl

es@linovolak ty

: P00g

Dhan

SiNgt

alie-rbcin
UIMC TLIITT

Khardathar L

heser20-mputd rals
results ar¢ shown bgéwlin Tgble 2.
he epoxy resin ($ofte
eq) Phenolic regin hardener

ning {15.515.5

ofteping-poin

‘d'c}

resin curing har:lener reacte Wlth 4 0 DBU{ so?{enlng point

Phenolic resin d&

uivalent: 102 )

I TCT

50/ ) Phenc
Xyl grpup €

115

quiv
C., hy

lent:
droxyl groy

plic r?}in cyring f¥asdener,
1049/eq) 18

AT CIireT \~

TGO

p equivajent

henalic
i :106)
Y gml

reacted wi

H st with 4.5 _DBU (softeing. doint:.185C] _hydraxy
Alummum hydroxxde 11.0 11.\2)I 11.0 110.0 o 10.0 8.0 4.0
{Magnesium hydroxide 8.0
2-methylimidazole 0.02 0.02 10.02 0.02
kFlake fused silica powder 2(.0 20.0 34.0
Spherical fused silica powder 65.1 104.9 451 168.2 |68.2 66.0 36.0[71.9
Carbon black 0.3
Synthetic wax 0.4
Silane Coupling Agent 0.5
Others (lon trapper, low stress additive) 0.2 04 0.2 0.2 04 0.4 0.4
Spiral flow (cm) 60 52 45 |7 117 34 65
UL-94 (VO/V1) for 3.2mmt V0 VO V0 VO VO VO V1
PCT (% of failed units)
After 500hr 0 0 0 0 10 0 -
A fter 1000hr 0 0 0 0 PO 0 -
After 500hr (after 60days) 0 0 0 0 10 - -
After 1000hr (after 60days) 0 0 0 0 BO - -
Storage Test (after 60 days)
% of spiral flow drop 0% |17% 18% 0% J15% P3% R2%

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

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-



Aluminum hydroxide 11.0 11-0 11.0 10.0 10.0 8.0 to Magnesium hydroxide 8.0 meth limidazole .02
.02 .02 .02 Flake fused silica powder 0.0 0.0 34.0 Spherical fused silica powder 55.1 54.9 15.1 58.2
58.2 56.0 36.0 71.9 Carbon black .3 Synthetic wax .4 Silane Coupling Agent .5 thers (lon tra er, low
stress additive .2 .4 .2 .2 .4 .4 .4 iral flow cm 0 52 45 47 17 34 55 UL-94 ONI for 3.2mmtO0V OO0000
1 PCT % of failed units) fter 500hr 10 After 1000hr p1,96\fter SOOhr (after 60da s) 10 - After 1000hr
after 60da s O tora a Test (after 60 days) /o of spiral flow drop 0% 117% 18% 0% 115% 133% 2% It is
to be understodit tikmatslisndasbupkingpagéar Uskedtin thangxeffeplebiang trathEs pradgding ifrention is
one that is selegiedfsupMigerangaREsuch compounds and which is apparent to those skilled in
the. art. The aforementjoned .th%rgoaetting resin compositions shown in the examples and

t

summarised in Table 28GRSR AR HTCUSHRRS FELH ESm SUBRRBLRiATHS S350 b& dored at
room temperature $objadeddopbripd-hftimecdndswhithrancaiiblo hasadis 19 sQbifiammahility test and

to offer latept cuyyg, lsehdutnaaRNIEr MAUSHRG fa! e RAGRASHIANANSN AP AleYicspli paricular

when the thermosetting resin compositions of the examples 1 to jecte performance
tests as shown FHeEEHRE $IrNE&KHRo significant change 5 in the key physical properties that affect the

functional performancelpfpiitcateppsuiaias diagratesheiriitdeviapal hpapicllaswhrikesuls of the
storage tests Sf}f{){\;\é o?tey')nenp eisr(fi‘ltgqlvgvgr%rgg ?rtigpeethan 20% after 60 days. This demonstrates that the
moldability performance of the compositions of the present invention is suitable for use at

10 normal room temperatures of 20°C to 30°C.

Also, the test results for PCT test in terms percentage of failed units
demonstrates that after 500 hours (20 days) there were no failed units for examples 1 to 4
whilst for comparative examples 1 there was signiﬁcant. percentages of failed units which
was due to spiral flow too short and caused poor wetting.

15 Thus, if the soflening point of the DBU catalysed 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 1s too low, e.g.
comparative example 2, it will lose the room storage capability.

One of the 'typiéal 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 Equipment (WEEL) and Restriction of Hazardous

%0 Substances in Electrical and FElectronic Eguipment (ROHS) European Community
Directives.

Modifications and variations such as would be apparent to those skilled in the art
are deemed to be withinthre'sCope of the present invention. If is also understood that the
present inventioﬁ stiould 110t be restricted to the particular embodiment(s) and example(s)

15 described above.



drop for examples | to 4 were no more than 20% after 60 days. This demonstrates that the moldability
performance of the compositions of the present inZéntion is suitable for use at 10 normal room
temperatures of 20C to 30C. Also, the test results for PCT test in terms percentage of failed units
demonstrates that after 500 hours (20 days) there were no failed units for examples | to 4 whilst for
comparati\fé{é&’ni)les | there was significant percentages of failed units which was due to spiral flow
too short and caused poor wetting. 15 Thus, if the softening point of the DBU catalysed phenolic resin
curing harq,@ﬂgrisig[g%%@]jgsh, 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 demeanstiateg abovedsp2RitRIovidala: e ROSeHiig JOsil-cnPosiipAssweh as an epoxy
resin com ¢ sition, vygichx ,i%e%a[pable of being stored at a normal moulding room temperatures of about
20C to about 30 &, ahd Which has minimal effect on its critical physical properties. A further typical
advantagdlaf the thehviodsttivgyesitnedirgeosition is the subsequent elimination or substantial
reduction gj)the reguisgmentehgeldioamstorage 25 for the thermosetting resin composition. A
further advantage of the thermosetting resin composition of the present invention is that the
thermosettirtd) resire commpositdosciprovideseviranmentakfriendly {lame! retatdant{s) whighprovide
encapsulategretestishic farferer md&ttie repireentsciof WisreoRysetricab Hva EledtrodiB Eguipment
(WEEE) an(gfllﬁgﬁfiffﬂ&E’Eﬁfiﬁﬁ%‘fﬁ‘bﬁﬁ%‘?@%Blffgﬁﬁi‘ﬁé"&(!ﬁ'EI%&Ti%‘éi{hﬁ’é‘C’Efé’cj’PBﬁ?ét‘E‘dlﬁﬁﬁi%Htf ()?0HS)
European Community ' DireRtives Modifieltond amivaratisre Kich $&6'Wdlifa be apparent to those
skilled in the art arBBEMEETE He Gith AP TRRISIBRI Gate predértintisritem 9 R aREUderstood that
the presentiientionahguld nothe-resirictechtahine particuwanembodiment(s) and example(s) 35
described,above. 0. GEANSIDALIS RIStz -4 gImpssnadesin sempgsiiondqupeaiing o
semiconductor devices, comprising:

15 a flame retardant which does not contamn halogen or phesphorous.

e The thermosetting resin composition of claim 1, 2 or 3, whercin Z 1s oxyger.
5. The diermosetting resin composition of claim 1, 2, 3 or 4, wiierein R is selected

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

6. The thermosetting resin composition of any one of claims { fo 5, wherein M is an
alkaline carth metal. .
7. The thermosetting resin composition of claira 6, wherein the alkaline earth metal

~ is selected from the group consisting of calcium, magnesium, strontium, dnd barium.
8. The thermosetting resin composition of any one of claims 1 to-,s"'}‘“dmceinr‘ the
inetal is aluminum or fron. | ' |
9. The thermosetting resin composition of any one of the preceding claims, wherein
ﬂlc-oompoﬁnd (d) 1s selected fiom th.c. group consisting of a[uminﬁm oxide, alwninam

" hydroxide, magnesiwn oxide, and magnesium hydroxide.

. 10 The thermosetting resin composition of any one of claims 1 to 9,  wherein the

- .epoxy resin (a) is selected from the proup consisling of phenol novolac type epoxy resins,

" -éresol novolac typé epoxy resios, dicyclépentzidieue type époxy resin, b..lphﬁﬂﬂ type



(a) an epoxy resin; (b) a phenolic resin curing hardener; (c) an amine curing catalyst; and (d) 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 ftt is selected from the group
consisting of hydrogen and C, to C5 alkyl, wherein the softeninn point of the final cataylsed phenolic
resin curing hardener is between 120C and 180C_ 2. 'fire thermosetting resin composition of claim 1,
wherein the resin composition is suitable for storage at a temperature from about 20C to about 30 C.
3. The thermosetting resin composition of claim 1 orZi, wherein the compound (d) is a flame retardant
which does nepsantaighalogaeyPhaseionaud: fd Thedhermassting reskucompeasiian @helaiml, 2
or 3, wherein Z is oxygen. 5. Th {h rmosetting resin.composition of claim 1, 2, 3 or 4, wherein Rt is
selected fron‘f‘fﬁ’éyé‘r}é%ﬁ ?fb%@?é‘gﬁba eflﬁ)t/g?%ﬁg%xé’rfas B%to C3 alkyl_ 6. The. thermosetting resin
composition afiany ofdofielaims:itingsroanereinpitigaanc Aldaling Larharenathd e thsrmGsetting
resin Compos&%ﬁg&lﬁiBi&alWF%@f%%@éh%“ne earth metal is selected from the group consisting of

calcium, magnesium, strontium, and barium. 8. The thermosetting resin compasition of any one of
claims | to S Ywherein THehATBIGEER FHHUTABPIRP Lo L Pl tdmiteatih JHrEs IR RGHTRSRIBH of any
one of the prateding plaimos nahaseitypthepesgmgdund (d) is selected front the group consisting of
aluminum oxide, alumipum _h ide, magnesi ide, gnesi |

thermosetti nglr%Sih glr%ep%g ﬁ%%%? lﬁﬁ)}: %F?(le %ﬁ%ﬁ%@ é%@é‘e’i 2 ?h%%&g{%sl%%?aé)%égglected
from the groufrealaldtnepesspriensyiousiat flpehepadeiedins, cresol novotac type epoxy resins,
dicyclopentadiene type epoxy resin, biphenyl type 21 epoxy resins, biphenyl aralkyl modified epoxy
resins, tri- or- uIti-fL‘Q lonal type epoxy resins and naphthalene type epoxy resins. 11 . The

thermosetting r%rs[f'rg';gg ,;sglgn of claimlO g;g_iq%e epoxy resyx(akcomprises a plurality of epoxy
resins. 12 . The thgrmoseging %esin cor:xﬁs\c}ltwli&n "gf claim 11, &vher_‘in fhexsis f)rovided more

i O (cnz : @——}n»-m{g—o.

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

- from a hydrogen atom, a halogen and an alkyl group.
14 . The thermosetiing resin composition of claim 10, 11 or 12wherein the epoxy

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

Formula (I} \ _
' OCH;CH—CHy OCH,CH—CH, -(;)CHZC&\{(?CH-Z

'RO_% — R

wherein n is an integer of 0-10 and eachi R is indcpcndenﬁy an atom or group selected

- from hydrogen a‘atom, a halogen and an alkyl. group.
15 The thermosetting resin compasition of claim10, 11 or 12, wherein the epoxy

resin (a) is represented by Formula (1)) shown below:

Formula (IX)

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

from a hydrogen atom, a halogen and an alkyl grdlip;



than one phenol novolac type epoxy resin. 13 The thermosetting resin composition of claimlo, 11, or
|I2wherein the epoxy resin (a) is represented by Formula (1) shown below: Formula (t) OCH2CH ~CH2
OCH2CH-~CH2 OCH2CH ~CH2 RR p % R O 0 HZ -C~~ "J1n H20 wherein n is an integer of 0-10
and each R is independently an atom or group selected from a hydrogen atom, a halogen and an alkyl
group. 14 . The thermosetting resin composition of claim 10, 11 or 12 wherein the epoxy resin (a) is
represented by Formula (11) shown below: Formula (I0 OCH2CH =CH2 OCH2CH- ~CH2 OCH2CH
~CH2 ROROR O 6 _0 o wherein n is an integer o#®-10 and each R is independently an atom or
group selectad " from myérogemeratemua@alogefhmd ashayligrobs1 i The thesmosettiagisesin
composition gf claim 10, 11 12 Whe 0X I‘}I’QS r resented by Formula (llI) shown
below: Formqlr (fﬂ?ﬁ ﬁ?sr—'% I-(Qa -- &rﬁ e@p@&){%@ | bé? R R R R wherein nis an integer
of 0-10 and.each R is independently an atom or group selected from a hydrogen atom, a halogen and
an alkyl groum(g%ug;@ Rg thermosetting resin composition of claim 10, 11or12, wherein the epoxy
resin (a) is represeme F:el;mula (IV) shown below: dEQQﬁjHJradll-M) OCH2C\ CH2 OCH2CH CH2 RO

L OO OO

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.
17, The thermosetting resin composition of claim1 0,11 or 12 ‘wherein the epoxy

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

Formula (V)

OCH,CH—CH CHoGCH—CH. OCH,CH—CH
2CH—LH, Lz\/‘z HCHCH—CH,

R /R 0. R R e}
- K ”“““‘b ' w{O)
R, "R ~
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
from a hydrogen atom, a halogen and an alkyl group.
18 The thermosetting resin composition of claim10, 11 or 12, wherein the epoxy -
resin (a) is repréSented by Formula (VI) shown below: |

" Formula (VD)




Q H2 O O CH2 H 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. 1 The thermosetting resin composition
of claiml 0, 11 or 12 wherein the epoxy resin (a) is represented by Formula (V) shown below: Formula
(V) R OCH2CH-CH2 OHZCH C H2 OCHZGH-CHZ O.A4H-R\OR\pH\% R R OCH2CH - H2
OCH2CH CH2 O O wherein n is an integer of 0-10 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 clairul0 , 11 or 12, wherein the epox>?3resin (a) is represented by Formula (VI) shown
below: Formuld¢iin RER isRiRiepta@ef@ly| GH 2@ 00O CHaGH#I81HE (iRR RIIRHIZD-GdEGH20
OCH2CH-CHZ Q8 QERaRy R Rif3 wherein R is independently an atom or group selected from a
hydrogen atom, a halggen and an_alkyl group. 19. The thermosetting resin composition to any one of

claims 1 to 18, Awherefh THBBHSKY PETFE (A TROSHIAT 4R BRGUI F 0o 19 dihethirrsiagbiy
equivalent pespapgraxyt @yaupsed)iivsalemibohiled tctab arsatntoftpkpao)iedeisil ey paghiareener. 20.
The thermoseiing LG40 S RPRIL RRAGRNr 3R 18- 0] SlBRS A 4D |
20. The thermosetting resin composition according to any one of claims 1 to 19,
wherein the epoxy resin (a) is present in an amount of about 5 to about 50 % by weight
based on the total thermosetting resin composition.
21. The thermosetting resin composition according to claim?2 (), wherein the epoxy
resin (a) is present in an amount of about 20 to about 25 % by weight based on the total
thermosetting resin composition.
22. The thermosetting resin composition accordingl to any one of claims 1 to 21,
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.
V23, | The thermosetting resin composition according to claim2 2, 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 compositiorn. |
24, The thermosetting resin composition according to any one of claims 22 oK 23,
wherein there is more than one phenolic resin curing hardener present as component (b)
- of the composition.
25.  The thermosetting resin composition according to any one of claims 22to0 24,
wherein the phenolic resin curing hardener (b) is represented by the following formula:

Formula (VII) . :
£ : OH

OH

wherein n is an integer of 0-1¢ and each R is independently an atom or group selected

from a hydrogen atom, a halogen and an alkyl group.
-26.  The thermosetting resin composition according to any one of claims 22to 25,
Wherein the phenolic resin curing hardener (b) has a softening temperature ranging from
" 50°Cto 170°C.
27.  The thermosetting resin. composition according to any one of claims 1 to26,
wherein an inorganic filler (e) is present in the composition and is selected from the. groﬁp

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



wherein the epoxy resin (a) is present in an amount of about 5 to about 50 % byweight based on the
total thermosetting resin composition 21. The thermosetting resin composition according to claim20'.,
wherein the epoxy resin (a) is present in an amount of about 20 to about 25 % by weight based on the
total thermosetting resin composition. 22. The thermosetting resin composition according to any one
of claims | to 21, 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. 23. The thermosetting resin
composition according to claim2 2, wherein the phe?iélic resin curing hardener (b) is present in an
amount of absebGdirto 1@¥doyemeightsiasedowdihe tptabtisermibsettipgwdsin colmposiiiond?4. The
thermosetting, fesin $APPASHRE 3CCASIRTAQRINLREIGFIAIMA AR W FrothSIRIN (hEIR IS qiore than
one phenolic resin curing hardéner present as component (b) of the composition. 25. The
thermosettinj‘}‘@gfﬁ%omposition according to any one of claims 2 2 to 24 , wherein the phenolic resin
curing hardepgr (b) isteprasentecingthesiall@ainspiaionulaccdinpula (VRO EQHBHE:IR, 68--+2 R
wherein n is an integer-of 0-10 and each R is independent atom selected from a
hydrogen ato}%?rgaﬁg?o%%eﬁ T Salhs%cﬁéf/ll Ebnrgﬁlﬁmé%g‘f F%Ot‘f?e%n%%%ﬁ%% gggﬁggﬁﬁ&%%ﬁsg%ggrding to
any one of claith®RiAhgumsttipg spaimaprBRsBIRMlic resin curing hardener (b) has a softening
temperature §3nging frRnneRioledd Cesti/ cdiNpifHNASELIINE § /5IABPBIROS ORI AGCOAING to any one
of claims | toZG}%, whfﬁr%ein an ino %aéch filler.&gywé%asegt in the composition and is selected from the
group consistli 5;%19 u eecc?‘gfﬁ%léné ef uslrlslf‘lerlca e |8"OWder, crystalline silica powder, 24
secondary agglomerdikel Sitvapotider, iparowouiicsiipowderosiiiva powben dBtaindrbip gtinding,
secondary agglema@m%émﬁmQM%ﬁr RPLARSIIFE RN bl 28 ERe theimpsetting
resin composition according tg claim 2 7 wherein the inorganic filter (e) is used in-an amount of about

40% tQ about%%%wﬁ?tﬂggéas%cemposﬂmm

315, The thermosetting resin composition according to any one of claims 1 to 30,
wherein the amine curing agent is present in an amount of about 10% to 100% by weight

based on total hardener content in the thermosetting resin composition.

372. The thermosetting resin composition according to claim 3 1, wherein the amine
curing agent is DBU. .
33. The thermosetting resin composition according to any one of claims 1 to32,

‘wherein a modified catalysed phenolic resin curing hardener is formed from a reaction.of
the amine curing agent to the pﬁenolic type hardener.

34, The thermosetting resin composition according te claim 33, 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%.

35, The thermaoseiting: resin composition according to any one of claims 1 to 34,
wherein the ﬁ)henoﬁc resin curing hardener is selected from the group consisting of phenol
:novolac resins, cresof novolac resins, copoi}:;me_:_:s between dicyclopentadiene-modified
phenolic resins and phenol novolac resins and/or cresol novolac resin, biphenyl aralkyl
modified phenolic résins and paraxylene-modified phenolic resins. |

- 36, The thermosetting resin according to any one of claims 1 to35; wherein the
spiral flow percentage drop is less than 20% after storage at room femperature for 60
days. '

37. A semiconductor device encapsulated by a tliermosetting resin composition
accordimg to any one of claims 1 to 36..

38, A method for producing a themiosettin_g resin composition comprising the steps
©of



the total thermosetting resin composition. 29 - The thermosetting resin composition according to any
one of claims 1 to 20, wherein the compound (d) is aluminum hydroxide. 30. The thermosetting resin
composition according to claim29 , wherein the aluminium hydroxide is used in an amount of about
5% to about 20% by weight based on the total thermosetting resin composition. 31'. The
thermosetting resin composition according to any one of claims | to 30, wherein the amine curing
agent is present in an amount of about 10% to 100% by weight based on total hardener content in the
thermosetting resin composition. 32. The thermosetting resin composition according to claim 3 1,
wherein the amine  gusing: a9 elsisdaB bheddiid hesthersnasetting#&sif CORmPRSIton acepkding to any
one of claims | to B%hwherein modi}giec% %ﬁ ysedi})h?q%géesin curinég hardener is formeg from a
reaction of. tha RANE MRy Bganttd THE pherofic Type hdrdentt 3% TRE thenSBNsRg F8in
composition dres it ttr elednt 280 Wherein the modified catalysed phenolic resin curing hardener is
formed from & reactigpgligof . ahmReGHine aoritiaths RheRRlis typeRaidsRR fomspbout 3% to
about 30%. 35. The thermosetting resin composition according to any one of claims 1 to 34, wherein
the phenolic?\é’%ﬁé g ner is selected from the group consisting of phenol novolac resins,
cresol novolac resins}adpgythesrsdetwesin:didiyclepe riathigrienhodifiedh phepolie resinamind phenol
novolac res'%&ﬁ#ﬂ% CLEIRLIRYRIARS g?ATHR Q&KL‘?M@&%%%@PQMQ Q@Q%M&ab%ﬂﬂé sae'ilgztfl:d. |

[
paraxylene-modified phenolic resins 3 e thermosetting resin according to any one of claims | to

35; wherein femdBf&ranepRycantage dBp fsdidenah 2o0manerdstersgentad SortiteRpaikture for 60
days. 37. A samzicOnductondeyicenentapsidatedipyadharmpsating sesir'crrsgesitiofoacarding to
any one of claims | to 3 6 38. A method far producing a thermosetting resin composition comprising the
steps of 25 'gﬁaélgtfr?éls ésftfgggt[@lxrgm cennoiac(?lag?ng tig}g?g'hardener having a softening temperature
ranging from about 50C to about 170C in a reactor to a temperature of

39 - The method of claim 3 8, wherein the compound is a flame retardant which does

not contain halogen or phosphorous.
40, The method of claim 38 or 39 wherein Z the formula M-Z-R' is oxygen.

41. The method of any one of claims 38,39 or 40, wherein R! is selected from the

group consisting of hydrogen and C, to Cs alkyl.

42.  The method of any one of claims 38 to 4 1, wherein M is selected from the group

congsisting of bartum, strontitun, magnesium, aluminum and iron.

473, The method of any one of clauns 38042 wherein the compound is magnesium

-oxide, magnesium hydroxide, aluminum oxide and aluminum hydroxide.

44 The method of any one of claims38 to 43, wherein the amine curing catalyst is
"DBU. '
45, The method of any one of ciéims 38 t0 44, wherein there is more than ene

_phenolic resin curing hardener is present in the heating step.

46. The method of any one of claims38 045, wherein the phenolic resin curing

‘hardener 1s represented by the following formula:

Formula (VH)



about 190C to about 200C; adding an amine curing catalyst to the reactor to form a catalysed phenolic
resin curing hardener; and 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 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 C5 alkyl. 39 The method of claim 3 8, wherein the compound is a flame retardant which does
not contain halogen or phosphorous. 40, The methdd of claim 3 8 or 3 9, wherein Z the formula M-Z-R'
is oxygen. 41. The method of any one of claims 3 8,3 9 or 4 0, wherein Rt is selected from the group
consisting of hydrogen and C1 to C3 alkyl. 42. The method of any one of claims 3 8 to 4 1wherein M is
selected from the group consisting of barium, strontium, magnesium, aluminum and iron. 43. The
method of any one of claims 3 8 to 4 2 wherein the compound is magnesium oxide, magnesium

)

afly one of claims 3 8 to 4 3,
‘wherein the amine cwing-tatalyst is DBU. 4&. The.me 2 ofclaims 38 to 44, wherein
thereismorethanone Rotte-regiviguring-h @ ts-pragent-in g e!

b ng step. 46. The method
of any one of claims 3 8+t@4'5, wherein the phenalic ré8in curing hardener’is represented by the
following formiiei FOIMUIE, (Wled 8% QH NP ERLR rEifRablR ikt 2 Qudh WPEHSH Qo Aminteger of
0-10 and each R 15 mdepend]en%ﬁ/ an atom or group selecte

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

47 The method of any one of claims 38 to4 6, wherein the epoxy resin is selected
from one or more from the group of epoxy resins represented by Formula (), (1), (IH),
(IV), (V) or (V1) as described herein. '

48.  The thermosetting resin composition preduced by the method of claims 38 to 47.



from a hydrogen atom, a halogen and an alkyl group. 47. The method of any one of claims 3 8 to 4 6,
wherein the epoxy resin is selected (lll), from one or more from the group of epoxy resins
represented by Formula (1), (11), (IV), (V) or (VI) as described herein. 48. The thermosetting resin
composition produced by the method of claims 38 to 47. ABSTRACT THERMOSETTING RESIN
COMPOSITION FOR SEMICONDUCTOR DEVICES ENCAPSULATION AND SEMICONDUCTOR
DEVICES The Eresent invention provides a thermosetting resin composition for sealing of electronic
parts, which h Tstorage stability at room temperature. In an aspect of the present invention,
there is provided a thermosetting resin composition used for sealing of semiconductor devices,

comprising: (e () a lic r rl t; (g).an amine curing. catalyst; and (h)
a compound hmg‘?@ég %?nﬁﬁ%%-z%%%{ whege%éggﬁ}gggl, Zg'g)%ﬁ o%?d‘é‘ﬁ%?@%?ﬁ&cal and
R[err] is selectBPdNHEMENtARSETASEHAY M) SBYSCONIEENOR OBYAGHES. In another aspect of

the present invention, there is provided a thermosetting resin composition. In another aspect of the

present inventlpﬁé theretis E%rov.ided a sdemic%nductor, device encapsulated by the thermosetting resin
composition of { epﬁ?%%%m KUARBFpvides & thermosetting resin composition for sealing of electronic

parts, which has excellent storage stability at room temperature.
In an aspect of the present invention, there is provided a thermosetting resin composition

used for sealing of semiconductor devices, comprising:

10 {e) an epoxy resin;
(D a phenolic resin curing agent;
(g an amine curing catalyst; and
(h) a compound having 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.

15 In another aspect of the present invention, there is provided a thermosetting resin
composition.

In another aspect of the present invention, there is provided a semiconductor

device encapsulated by the thermosetting resin composition of the present invention.



