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wi thout (or with a reddced anount o rom ne, antinony, boron, phosphorus
and/ or themmecantpoenyu boms, phesphonue aad/datheir agmpoundsis EEmeArBrdsl/ingrdigrs. THE

| NVENTI The object of .this.invention is to provi a vi ronment al. .
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useful choice. In accordance with a first aspect the invention provides a
sem condtressaesistendecperembhnagt during surfaceapsoumtingmb ozid semivopdestterdeyiogs.an epoxy
resin which contains as a flanme retardant a material conprising alum num
nitride, preferably al um nunRELATER ART STAEEMENT ed with silicon oxide,
nore preferably particles having a nmaxi num size of 150 mcrons. In a further
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for sealing sem conductor devices conprising an epoxy resin, a resin curing
agent , avifhi hheapoxy resin composition, modified by additives. In line with the semiconductor

industry trend to use environmental friendly or “Green” materials, the thermosetting
encapsulation resin used for sealing of semiconductor devices, would require usage of suitable
types of the various environmental friendly ingredients without (or with a reduced amount of)

bromine, antimony, boron, phosphorus and/or their compounds as flame retardant agent.
OBJECT AND SUMMARY OF THE INVENTION

The object of this invention is to provide an environmental friendly epoxy resin composition,
which shows high thermal conductivity, and good solder cracking resistance or at least

provides the public with a useful choice.

In accordance with a first aspect the invention provides a semiconductor device sealed with a
resin composition preferably an epoxy resin which contains as a flame retardant a material
comprising aluminum nitride, preferably aluminum nitride particles coated with silicon oxide,

more preferably particles having a maximum size of 150 microns.

In a further aspect of the invention there is provided an epoxy resin composition used for
sealing semiconductor devices comprising an epoxy resin, a resin curing agent, a filler
material comprising as a flame retardant aluminum nitride, optionally together with silica
oxide, and a curing accelerator preferably in which the amounts of aluminum nitride and silica

in relation to the total resin content and the amount of aluminum nitride in relation to the total



material conprising as a flane retardant alum numnitride, optionally
together with silica oxide, and a curing accelerator preferably in which
the amounts of alum numnitride and silica in relation to the total resin
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resi stance at 2560 for robust packages). DETAILED DESCRI PTI OF THE

| NVENTI ®@b$istanagpost cases pol yner resins or other organic based materials in
the EMC initiate or help propagate fire. These material s deconpose to

vol at i | dncofibthet iakpeet pf debuiniventiomdther] Basevided an epoxy resin composition used for
sealing semiconductor devices comprising a naphthalene tetra-functional type represented by
formula II as herein described, a curing agent, a filler material comprising silica as a flame

retardant optionally together with aluminium nitride, and a curing accelerator.

The present series of environmental friendly epoxy resin composition consists of some
candidates with very high heat dissipation capability as well as soldering stress resistance at
260°C (for robust IC packages).

DETAILED DESCRIPTION OF THE INVENTION

In most cases polymer resins or other organic based materials in the EMC initiate or help
propagate fire. These materials decompose to volatile combustible products and release
flammable vapors when they are exposed to heat. Hence flame retardant agents are added into
the EMC to fulfil the legal requirements. Conventional flame retardants for EMC include

brominated epoxies, antimony, boron, phosphorus and/or their compounds.

The type and content of ceramic fillers, type of the organic resin as well as the curing agent,
etc. determines the flame retardancy performance of an EMC. In order to obtain maximum
flame retardancy of the present invention without adding any other flame retardant, aluminum
nitride (thermal conductivity of about 30W/mK) is selected as the main filler instead of the
conventional fused silica (thermal conductivity of about 1 .3W/mK) for its newly discovered

flame retardancy behavior. The absence of those hazardous conventional undesirable flame
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( 'S Accord?lgg to) Knudseglpa%@ Howard (supra) the extent of hydrolysis of SCAN needs to be

within stipulated limits according to the two tests as followed:

Boiling Water Test (20hrs. 100deg C) NH; (ppm)
Standard AIN (without coating) >100,000
Silica coated AIN (SCAN) <150
Pressure Cooker Test (20hrs, 120deg C) NH; (ppm)
Standard AIN (without coating) >80,000
Silica coated AIN (SCAN) <2,500

Consequently the aluminum hydroxide generated, is an established flame retardant as it
liberates water (to stop heat transfer) at elevated temperature according to Rxn 2. During a
heating or burning process, metal hydroxides such as aluminum hydroxide underge an
endothermic reaction to shed its water content and revert to aluminum oxide. By so doing, it
“draws” the heat (from burning) away from the organic resin network and help prevents a

potential fire in the EMC.
2AOH); — AL O; +3H,0 Rxn 2

Enthalpy (heat of reaction) involved, AH = -298kJ/mol



Standard AIN (w thout coating) >100,000 Silica coated ALN (SCAN) <150
Pressure Cooker Test (20hrs,120deg C Nth (npn) Standard ALN (w t hout
coating) >80,000 Silica coated AIN (S@AN) <2,500 Consequently the al um num
hydr oxi de gener at is an established flane retardant as it |iberates

d
wat er (tlge §9@biu¢é§ﬁeﬁ ¥} pnd Rxp| 2eqnableg thecthouementioned cedpdit g torcRama.
o . ! g .

vdr oxi aamaCRldedh B LHPE BRGGR SRERNANICIER Afordle b Foun dWE,
revert tameal tefdrdatin dfdctlés nBYy tikoodginalgdesign inteht avissiliéd eodieditahiphiham hitridd. ng)

away fromthe organic resin nefwork and hel p prevent potentjal fire in
t he” EMcKRpdsqnegpdstioward(gs refersed iy ﬁ@ﬁe)zsolﬁmtﬁﬁbys p%’§¥ Tt Fgsapatiog pecause

i nvol vedg: T aﬁé’ lg:dic AT ' f l@%c] L : : abl es
t he aboggﬂn‘éﬁgﬁﬁotﬁe Eéé@&tlﬁm' ?gleggrtq@(ggﬁgrﬁ Iegfr:#alt (rgffe}% ar g%% a|€gr%nt en%lﬁ}glgent
epoxy r ésiimpoamoas ekcmsivé | WHi scannjead ttantirduit falke o€ thhalC tchéps fuhdemehigh

nal design.intent of sjlica coated al um num

retardant effect is not the origj.

Nitri de emBGTRISR G AR ea@%nse Prig Tekinbili Iests sa B psqdatpgiicatesthgs e
for hea L1851 ' c e ' ' : (o[ ¥Te? WRVA nt r ol
over t htgtag%(ltﬁyz r?? chl)% gﬁa;@%b?‘g% Fseng)fgrsdél&r? bsgﬂdgé}:nhgi{r?%m@r)i é{rr%loﬁég%\%é gg&%ﬁ égsgsi ve
NH3 can (PEQY The detailed tdst fnathods evilbbe tidweribéd with psartpldein dubgguetiteseidodt ur e and
hi gh humidity conditions. Sonme reliability tests can be used to indicate the
stabi | i B ofrtukher BRaiHoRe mentighed SiEBRAAMY B SleOprafterel | thin tdSthe (i épkionadhe
pressure cooker test (PCT), The detailed test nethods w |l be described

wi th ex@ngserispony sesbsempastiionaloes etsconyn ¥ convgatieral flame aplardanhagent sisbds

mechani in the preferred formof .the.invention the resen y Fesin
composi HrnnaisEePeBt el I M oS Al bEen i abul PSS

br oni natheshdepap¥cts BE¥R-BV@IRNtHAE)ani@Bitsbf thak iagBity cid boxdddd. dheRRioaXisde.
But within the broader aspects of the invention small anpunts of these

agents @amope eavuewrmentaldy drieedliecnioyy wsitorempesitionoriveanglthy Fhovementionsgoxy
resin C%HPa%?altgtels,otrl]ﬁs r'?‘lg)l? '}gn&e??heag)?p\éggﬁg talu%ﬁﬁjm nitride filled epoxy resin composition

recyclable and possess high thermal conductivity for certain niche IC packages that require

good heat dissipation.

Flame retardant effects are measured by the UL-94 (Underwriter Laboratory - USAY’s V-0
flammability requirement adopted by the IC packaging industry. In the current invention the

amounts of aluminium nitride and/or silica can be tested in order to meet that requirement.

Different types of epoxy resins and curing agents have different flammability characteristics
because of variations in bulkiness, solidity of structure, aromatic and aliphatic carbon content.
Hence “boundary” lines with minimum amount of AIN filler (as a percentage of the total
filler content by weight — vertical axis) in the EMC with respect to total filler content by
weight (as a percentage of the EMC) that is able to meet the V-0 flammability requirement
can be plotted as shown in figure 1. The equation of the boundary line illustrated in figure 1 is

drawn by joining the compositions (represented by points) that can meet the UL-94 V-0

requirement:
Y >-0.077X + 6.385 Eq.1
Where,
Y = Ratio of aluminum nitride filler to total filler content (in % by weight)

From 0 to 1.0,

X = Total filler content - from 70% to 83% by weight,
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Figure 1: UL (V-0) flammability limits (1/8 inch thick test piece)
Straight line AB (left of which will fail UL);

Flowability Limits — straight line CD — Filler configurations right of line
CD will not flow well

In accordance with the present invention, the epoxy resin composition consists of an epoxy
resin represented either by formula (I) or formula (II) or combinations thereof, preferably
formula (II) which is a naphthalene tetra-functional type epoxy resin, having a rigid
naphthalene skeleton with high symmetry and high density aromatic rings providing high
melting point and combustion temperature. This epoxy resin can provide one of the highest Tg
levels among epoxy resins, excellent curability and relatively lower moisture absorption.
These features are desirable in order to achieve good flammability; low warpage and good
solder cracking resistance, all important requirements of the new generation IC packaging

materials.
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that_js a naphthal ene tri-functiaonag] type resin
V) With the aboee naphthalene type epoxy resin%II) al){c{3 naphthalene type resin curing agent (V)
composition, it allows lower filler loading of the epoxy resin composition to meet UL-94 V 0
requirement without additional flame retardant agent. The minimum filler content was found
to be 70% (aluminum nitride alone) and 83% (silica alone) by weight based on the weight of
the total epoxy resin composition containing aluminum nitride and silica as the only filler.
This is calculated from equation I, (referring to example 1 — 3 as described hereafter) as

depicted in figure 1.

The flame retardant performance of compositions of the invention is illustrated in Table 2

hetreinafter.

When the total amount of filler is less than 70% by weight of aluminum nitride or 83% by
weight of silica respectively as the only filler type in the EMC, the resulting compositions will
have inadequate flame retardancy performance (Comparative Examples: CE1 and CE2). Also
in the region to the left and below the line A-B where the ratio of aluminum nitride to total
filler content by weight is lower than those points on line A-B, could not achieve UL-94 V-0
(CE3) without additional flame retardant agents.

The use of additional flame retardant agents such as brominated epoxyresin and antimony to
achieve UL-94 V-0 requirement is given in (CE4). Different flame retardancy of different
resins and resin curing agents used are illustrated by CES (biphenyl type epoxy resin), CE6
(Phenolic resin curing agent) and CE7 (Paraxylene-modified phenolic resin curing agent).

These compositions also need additional flame retardant agents.

In Table 2 the terminology “comparative examples” illustrates compositions which do not
meet UL-94 requirements for V-0 without additional flame retardants being added. These
compositions fall within the scope of the current invention provided that at least some

aluminium nitride is present.
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Higher sphericity of fillers and wider filler particle size distribution are necessary to maintain
good flowability and processibility for EMC with higher filler content. Spherical fillers can

also help to reduce abrasiveness and the flexural modulus of the resin composition.

The curing accelerator used in the present composition can be any material as long as it can
accelerate the reaction between the epoxy group of the component (A) and the hydroxyl group
of the component (B). Curing accelerators generally used in sealing materials are suitable,
such as diazabicycloundecene (DBU), triphenylphosphine (TPP), benzyldimethylamine
(BDMA), 2-methylimidazole (2-MZ) and the like. These compounds can be used alone or in

combination of two or more.

The curing accelerator is preferably used in an amount of 0.1 to 1.0% by weight of the total
epoxy resin composition. If the amount is less than 0.1% by weight, hardness of the resulting
molded product decreases and mold release characteristics tend to deteriorate. In an amount
more than 1.0% by weight, the reaction proceeds undesirably fast and fluidity tends to

decrease.

The present epoxy resin composition used for sealing comprises, as essential components, an
epoxy resin, a curing agent, an inorganic filler and a curing accelerator. The resin composition

may further comprise, if necessary, various additives such as silane coupling agent, releasing



conpositions fall within the scope of the current invention provided that at
| east sonme alumniumnitride is present. 7 Wen another epoxy resin is
used in conbination with the naphthal engg tetra-functional type epoxy resin
of formula (I1), this other epoxy resin can be for exanple bisphenol type
epoxy rgeitn@,g.cnatuull wav o aynthgphe wgox yiresesedusingphdditive fogol slicang peil esoxy
resins, tri-. functi.onal epoxy resins (e.g., triphenol xmethane type epoxy
resins, %r)afl@ﬁ‘er]rﬁ(&i fied triphenol methane type epoxy resins) and
tri-azine nucl eus-containing epoxy resjins. The blending ratio of the total
epoxy r &8 Prdugingdhe; Rresery cppky resinfomnositian for sealing e n moldipg matenalyan ¢noxy py
wei ght i_s.; I a .val ents
por * hy Rl Blrie deebl ARENCHEAl R er td ol ARBes ard FFREX KuBRAID)
and/ or @hd)uneothlgrusing a mikeri & thé YiRe;cthén, tho hsetuwed rhélakndaded phipgilwakolls, a
properties such as humﬁ{h%ﬁfpr esi stapce tend to deterigrate _outside of this

rﬁngfaa kpeadse opthed ks an pasied pr % 1S|°Pekedﬁa¢tgrf&fé- the molding maggsial H}vlS_
g Do B b BTy Sedng aipE IR UE o BATHHMT o Blocliffir, | 02

DXX refers to a di,aneter at XX% by weight based .,on the cunulative fil.ler
part 1 o SeepneiiE i Brssong dveatigh, ettt be SBRGCh s SRR Trelly iresib! ng
" bear i nggmpb&ifbn Bﬁﬂﬂ%!h@ghf them@dicbhductidfy MBEN fidse FetBidahéy, M Fhdrmae Bkpankidahes
during transfer nolding. Too nuch or too little of such filler can render
t hese fandiavwmistwsfabeerption anmdnglethersphericity of fillers and wider filler
particle size distribution are necessary to maintain good flowability and
processibility for EMESGRIPHOMNMOF PREFERREDEMBOIBMENTSal fillers can
al so help to reduce abrasiveness and the flexural nodulus of the resin

conposi Thenpreddi® ivntidd RCh@tBAAEOHesABE isPedificillRr B Skly ©OMASIplésOMCAB be
any material as long as it can accelerate the reaction between the epoxy
group oftxemplesoiie emennt eieach semponenhyseddx pompewnding isparthby veighdonent (B).
Curing accelerators generally used in sealing materials are suitable, such
as di azEBXAYRIdKiddecene (DBU), triphenyl phosphine (TPP), benzyl di met hyl am ne
(BDMA), 2-nethylimdazole (2-MZ) and the |ike. These conpounds can be used
al one oIThefoll®wiiigi ddaipoaent® bf thedodswiiigpReportions are mixed at room temperature using

a mixer a biaxial roll, cooled and ground to obtain a molding material. Naphthalene epoxy

resin of formula (II), (softening point: 68°C, epoxy equivalent:
167g/eq) 13.6 parts by weight

Naphthalene epoxy resin curing agent of formula (V), (softening point: 87°C, hydroxyl

group equivalent: 210 g/eq) 14.8 parts by weight
Silica coated Aluminum Nitride (SCAN) filler* 70.0 parts by weight
Fused stlica filler 0.0 parts by weight
Triphenylphosphine (TPP) (.2 part by weight
Silane coupling agent 0.6 part by weight
Carbon black 0.3 part by weight
Releasing agent (.5 part by weight

* According to Knudsen and Howard [the extent of reaction of SCAN hydrolysis are

controlled to be in stipulated limits according to the two tests as followed:

Boiling Water Test (20hrs, 100deg C) NH; (ppm)

Standard AIN (without coating) >100,000



The curing accelerator is preferably used in an amount of 0.1 to 1.0% by

wei ght of the total epoxy resin conposition. If the anount is |ess than

0. 1% by wei ght, hardness of the resultigng nolded product decreases and nold
rel ease characteristics tend to deteriorate. In an anount nore than 1.0% by
wei ght , Silka coed AINA(SpAdEeeds undesirably fast and f€ifiddity tends to
decrease. The present epoxy resin conposition used for sealing conprises, as
essent i Prese@RTHOREL Fest FAVhrENOEJepr@si N, a curing ageniHds;an inorganic filler
and a curing accelerator. The resin conposition may further conprise, if

necessarsyandg@rAwﬁmqgﬁlt%é{% such as silane coupling.g@gept. releasing 8
agent (e.g., natural wax or synt hetic wax), stress-reducing additive (e.g.

sili con%ﬂ%ac Q{edAINb(?%@N and the like. In produci ngé%b present epoxy resin
conposi t1 on Por - seal s a nol di ng material, an epoXy resin, a curing
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follows ASTM D5207. In the test, the specimens are clamped vertically. A small % in. high
blue flame is applied to the bottom of the specimen for 10sec. It is then withdrawn, and
reapplied for an additional 10 sec; the duration of flaming and glowing is noted as soon as the
specimen has extinguished. A layer of cotton is placed beneath the specimen to determine
whether dripping materials will ignite it during the test period. Five test pieces are needed for
every sample. If the total flaming time of five test pieces is less than 50 seconds, the epoxy
resin composition is considered to pass UL-94 test and is classified as V-0. On the other hand,
if total flaming time is more than 50 seconds, the sample is considered to fail UL-94 test and
is classified as V-1 and V-2.

The materials are classified V-2, the least stringent classification, or V-I or V-0, which are the
most stringent classification for the test. Table 1 below summarizes the requirements for each

classification.

Performance testing, at the package level, begins with pellet preparation into various sizes.
Depending on test purposes, it can be molded into 14x20mm Quad-Flat-Package (QFP) with
100 external leads on a Copper lead frame at a temperature of 175°C, 80- 120kgf/cm and 60-
120sec. Subsequently the packages with chip in it (7.5x7.5mm, polyimide (P1) coated) are
exposed to an atmosphere of 60°C/60% RH for 120hrs. Thereafter the packages are sent
through a varying temperature profile according to the JEDEC standard with peak temperature
255°C in an infrared (IR) oven. Thereafter, cracks present at the surfaces of the devices are

observed using a microscope. In addition, the packages are also scanned using CSAM (C-



group equivalent: 210 g/eq) 14.8 parts by weight Silica coated A um num
Nitride (SCAN) filler* 70.0 parts by weight Fused silica filler 0.0 parts
by wei ght Tri phenyl phosphi ne (TPP) 0. 3gpart by weight Silane coupling
agent 0.6 part by weight Carbon black 0.3 part by wei ght Rel easing agent
0.5 par tmdgg Snamgihg AcopsteoMicnegeape) Korutidaminatad inonieced Witmﬁ)caxparthe ohiprtepct i on
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Pressure Cooker Test (20hrs, 120deg C) NH3 Standard ALN (w thout coating)
>80, 000 ?ﬁ‘ﬁ) g d n
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t he
of the wire bonding pads within the circuitries.

For thermal conductivity measurement of the epoxy resin composition, it is first made into
tablets and then into the cylindrical blocks with diameter 40mm by height 25£5mm at the

temperature of 175°C, 150kgf/cm? and 300sec using a low pressure transfer molding machine.

Table 1 :Summary of UL 94 Vertical Burning Test for Classification Materials V-0, V-1, V-2

Criteria Classification

V-2 V-1 V-0
Number of specimens 5 5
Number of Ignitions 2 2 2
Maximum flaming time per specimen per flame application | 30 30 10
(sec)
Total flaming time, five specimens, 2 ignitions (sec) 250 250 50
Flaming drips ignite cotton Yes No No
Maximum afterflow time, per specimen (sec) 60 60 30
Burmn to holding clamp No No No

Examples 1-3

Epoxy resin compositions are compounded according to recipes of the invention shown in
Table 2, and subjected to the same procedures as in Example 1 to obtain molding materials.
Test results for these epoxy resin compositions were obtained in the same maimer as in

Example 1. The results are shown in Table 2.



speci nen has extingui shed. A layer of cotton is placed beneath the specinen
to determne whether dripping materials will ignite it during the test
period. Five test pieces are needed forl every sanple. If the total flamng
time of five test eces is less than 50 seconds, the epoxy resin
corrpositqqﬂlim@“é’eﬁgiﬂml@dl'f’o pass UL-94 test and is classified as V-0. On
the other hand, if total flamng tinme is nore than 50 seconds, the sanple
i s consiAdediechsses] flaivie addit@al epixyanesin dogipokisions Areechraouuddd hmd\brﬂreci'ﬂes

material s, are.classifjed V-2 Iea nt cla S|f|cat|o
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testing, at t pack evel, begins with preparation into various
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_terrperalnﬁﬂ'“él ?Slg%‘%gzg%l %dﬁ%’#ﬁﬂﬁ%ﬂﬁméﬁ% ii]f Ssec. Subsequently the packages
with chipinit (7.5x7.5nrn, polyimde (Pl) coated) are exposed to an

at nosphere of 60C/ 60% RH for 120hrs. Thereafter the packages are sent

t hrough a varyi ng terrperature profile according to the JEDEC standard with
peak t erfgblead: rampapisgrof examplesiy dzipgd bpmydasips .1 tTprImpARE roneg PBISIdS pr esent
at the surfaces of the devices are observed using a nmicroscope. In
additi ¢on, the packages are al Ewmgleanned usi ng o@smivgExamgles npde Scanni ng
Acoust if@oMPOSPAORRE) Tor deram nagjed | NGETT Jc&Gs Vel de0qWEs4 OIeEs MEEG Mce7 | op
and t hd °ubstr"+° qol-d—eorpotpd—{Hii—w-th-thesq -echi R4 obtal-m—devices for
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brom de Naﬂﬁleneaﬁh‘llctifmgygemaw corl iogle |Blie golsd balsl2 pond %60 |f1aB mis.e exanpl e
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Paraxylene-modified phenolic resin 14.2
curing agent (I'V)

Triphenylphosphine (TPP) 0.2 0.2 0.2 02 {02 |02 |02 |02 |02 |02
Silane coupling agent 0.6 0.6 0.6 06 |06 |06 (06 (06 |06 |06
Carbon black 0.3 0.3 0.3 03 |03 |03 |03 |03 |03 |03
Releasing agent (waxes, etc) 0.5 0.5 0.5 05 |05 (05 [05 |05 |05 |05
Antimony trioxide 0 0 0 0 0 0 06 {0 0 0
Brominated epoxy resin 0 0 0 0 0 0 14 [0 0 0
Aluminum nitride filler : FC* 1.00 0.00 0.23 1.00 | 0.00 | 0.20 | 1.00 | 1.00 | 1.00 | 1.00
PROPERTIES:

Thermal conductivity (W/mK) 1.5 0.9 1.0 14 |08 {110 |14 J15 |15 [13
UL-94/3.2mm (V-0/V-1) V-0 V-0 V-0 V-1 | V-1 |Vl (V0 [ V-1 | V-1 5V
Soldering  crack test (QFP- | 0/6 0/6 0/6 0/6 [ 0/6 |06 [1/6 |0/6 |06 | 06
100L/Pl/n=6)

Delamination check (QFP- | 0/6 0/6 0/6 1/6 |0/6 |0/6 |16 [0/6 | 0/6 |0/6
100LPI/n=6)

HTSL at 150°C (hr to 1% failure) 1000 1000 1000 100 | 100 | 100 | 100 | 100 { 100 | 100

0 0 0 0 0 0 0
PCT at 125°C/100%RH (hr to 1" | 800 800 800 700 | 800 | 800 | 700 | 800 | 800 | 800

failure)

* ' the ratio of Aluminum nitride filler in %6 by weight to total filler content (FC} in % by weight



of 125C and 100% rel ative humdity (RH) for extended period of tine. The
circuitries are tested at regular interval for open-circuit or
closed-circuit failure caused by possible corrosion of the wire bonding
pads within the circuitries. For thermal conductivity neasurenment of the
epoxy resin conposition, it is first made into tablets and then into the
cylindrical blocks with dianmeter 40mm by hei ghj, 255mm at the tenperature of
175C, 150kgf/cn2 and 300sec using a | ow pressurgtransfer noldi ng machi ne.
Table 1 :Summary of UL 94 Vertical Burning Testfor Classification Materials
V-0, V-1, V-2 Criteria Classification V-2 V-1&/-0 Number of specinens 5 5
5 Nunber of Ignitions 2 2 2 Maxi mum flam ng me per specinen per flane
application 30 30 10 (sec) Total flami ng timefive specinens, 2 ignitions
(sec) 250 250 50 Flami ng dri ignite cotton~%s No No Maxi nmum afterfl ow
tinme, per specinen (sec) 60 é§§30 Bumto hol dgpg clanp No No No Exanples
1-3 Epoxy resin conpositions enconpounded ace®rding to recipes of the

i nvention shown in Table 2, and séfiected t o (Hne same procedures as in
Exanple 1 to obtain nol ding eri . Test regsults for these epoxy resin
conpositi ons were obtained i fIihe/same mai mer in Exanple 1. The results
are shown in Table 2. 11 Conparative Exanpl es$3}-7 As discussed above
addi ti onal epoxy resin conposigli ons are conpourpled based on reci pes outside
t he regi on defined above in Egg;re 1 and | abel@l conparative exanples in
Tabl e 2. These epoxy resin ositions are s@bjected to the sane
procedures as in Exanple 1 t dQobt ai n nol ding gt erials. Test results for
these nolding materials were optained in the s
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Wherein R; to Ry is independently an atom or groi

atom, a halogen and an alkyl group

Formula (I)



manner as in Exanple 1. The results are shown in Table 2. Table 2:
Conparison of exanples on clainmed boundaries w.r.t. conparative ones outside
Exanpl es Conparative Exanples COMPOSI THENS: 1 2 3 CEl CE2 CE3 CE4 CE5 CE6
CE7 Aluminumnitride filler 70 0 18 68 0 16 68 70 70 70 Fused silica
filler 0 83 62 0 80 64 0 0 O O Naphthal ene epoxy resin (II)G}3.6 6.6 9.1
14.2 8.8 8.8 13.6 16 14.2 Bi phenyl epoxy resin (1) 13.6 Naphal ene resin
curing agent (V) 14.8 8.8 9.3 16.2 9.5 9.6 14.8 14.8 Phenol vol ac resin
curing agent 12.4 (111) Paraxyl ene-nodified phenolic resin .2 curing
agent (1V) Triphenyl phosphine (TPP) 0.2 0.2 0.2 0.2 0.2 0.2 20.20.20.2
Si | ane coupling agent 0.6 O. 0.6 0.6 0.6 0.6 0.6 O. Car bon bl ack
0.30.30.30.30.30.30.3 3 Releasing agent (wajgs, etc) 0.5
0.50.50.50.50.50.50.5 imony trioxide 0 0 O 000.6000
Brom nated epoxy resin 0 0 0 0 0 O 1.40 0 O Aluminumnitri filler : FC*
1.00 0.00 0.23 1.00 0.00 0.20 1.00 1.%8 1\80 1.00 PROPERTI Ther nal
conductivity (WnK) 1.5 0.9 1.0 1.4 0.8 1M 1.4 1.51.5 1.5 }#-94/ 3.2mm
(V-ON-1) V-0 V-0 V-0 V-1 V-ZaV-1 V-0 Vi1 V-@V-1 Sol dering &®ack test (QFP-
0/6 0/6 0/6 0/6 0/6 0/6 1/61b/6 0/ 6 6}OOL/PI/n:6) Del am mdti on check
(QFP- 0/6 0/6 0/6 1/6 0/6 G/ p.1/6 0/6rQ/6 0/6 100LPI/n=6) L at 150'C (hr

6 0.6 0.6
0.3 0.3 0.
0.5 0.5
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0000O0O0OO PCT at 125-C/100%RH (hr to 1" 800 800 800 700 800 800 700 800
800 800 failure) * : the ratio of Aumnumnitride filler in %by weight to
total filler content (FC in %by weighd 12 N bA ONEO x/pt aUO0 X
a) Ua pf OOn UUo 7 cd 013 cdx x/I E UOCQ
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Wherein # is an integer of 0-5 and each R is independently an atom or group

selected from hydrogen atom, a halogen and an alkyl group
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Formula (III)
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Oct UO O UOOaNa O~0o0 ~~UNa cd 16 Formula (VV RR RRO0 OOH
RRRRROOR OHRRRIO OHI R RR Werein Ris independently an atom
or group selected from hydrogen atom 1& hal ogen and an al kyl group

Formula (V)
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R R
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Wherein R is independently an atom or group
selected from hydrogen atom, a halogen and an alkyl

group



17 What we claimis: 1. The use of a flame retardant conposition conprising
alumnumnitride to inpart flanme retardancy to a sem conductor device
sealed with a resin conposition. 2. Thej#ise as clainmed in claim1 in which
the flame retardant conposition conprises alumnumnitride treated to

i nhi bit Whitovexdaimis3. The use as clained in claiml or claim2 in which the
resin is an epoxy resin. 4. The use as clainmed in claim3 in which the epoxy

resin is selected fr t he grau consi sting af. napht.hal ene. e resins
bhenol  ndvol a8 HE Nespe gl sofdSiin cRgphsipd SBmyRind s Gppart hatme

di cycl opent adirgRRan@ab fal 8hidINANbE Gevi@SichRd W PREMYordPRHoAC resins and/ or
cresol novol ac resins, biphenyl type epoxy resins, tri- or nulti-functional
type epoxy resins and/or paraxyl ene-nodified phenolic resins. 5. The use as
cl ai med 2n cl dihmuge ian oldimed infedaimeliin whicha thsi garaﬂydrtal(danhbduypomw ¢omapkjses ype
represented by, farmula (Jl): rmula . R2 Rs Re H2G CHCH20 O O OCH2CH-
C2 00 R MpnEuRs Sl)Iré:F{;rgl-t\‘?mtl"?)blffgqrgﬁyf’lﬁ‘dependentIy an atom or group

sel ected from hydrogen atom a hal ogen and an al kyl group; 18 or a

napht hal gne t athe asd 4\¢lain@Adh claBe drediSER WhicRYhe rR§ilEd @ éddxy resilcor mul a (11)
RR RR H2C CHCHZOO - OCH2CH CH2 @ RR R\ QO

4. The use as claimed in claim 3 in which the epoxy resin is selected from the group
consisting of naphthalene type resins, phenol novolac resins, cresol novolac resins,
copolymers between dicyclopentadiene modified phenolic resins and phenol novolac
resins and/or cresol novolac resins, biphenyl type epoxy resins, tri- or multi-functional

type epoxy resins and/or paraxylene-meodified phenolic resins.

5. The use as claimed in claim 3 in which the resin is a biphenyl (aralkyl modified) type
represented by formula (I):

Formula (I)
H,C— CHCH,O OCH,CH— CH
K >O( >O< N
O 8]

wherein R, 10 Rg is independently an atom or group selected from
hydrogen atom, a halogen and an alkyl group;



HZC- CHCH20O O O/ OCHZCH CH2 R R R R wherein each R is independently an
atom or group selected fromhydrogen atom a halogen and an al kyl group 6.
The use as clained in claim5 in which gge resin is the naphthal ene
tetra-functional type presented by fornmula (I11). 7. The use as clained in
any one of t her pnapuhtilens tetradfunstionalipectiepresendesblyyformula(ll}s used and as a
curing agent a resin curing agent selected fromthe group consisting of
napht hal ene typg, resi ntinguri ng agent, phenolic type resin curing agent and
[or para- xylen oAy dd (para-xylene glycol dinmethyl ether) phenolic resin
curing agent. 8. The use as claifed ®laim 7 wherein the curing agent is

sel ected froma phenolic reskn ent represented by formula (111);
Formula (HH) OHOH OH R R R wherein 71 is an integer of 0-5 and
each R is indepenggat | ¥uah A ogglcgrct egy,f rom hydrogen atom a

hal ogen and an al kyi\ group 19 pariaxyl ene-nmedi ¥i ed phenolic resin curing
agent represented bydormula (I3 Fdrmuka (1V0OH OH OH GCHZ-O-CH2-0 n

~~/  wherein rl is an hrg e%{cﬁ%\ : /OCHZCH CHZ

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

6. The use as claimed in claim 5 in which the resin is the naphthalene tetra-functional

type presented by formula (II).

7. The use as claimed in any one of the preceding claims in which an epoxy resin is used
and as a curing agent a resin curing agent selected from the group consisting of
naphthalene type resin curing agent, phenolic type resin curing agent and /or para-

xylene modified (para-xylene glycol dimethyl ether) phenolic resin curing agent.

8. The use as claimed claim 7 wherein the curing agent is selected from a phenolic resin

curing agent represented by formula (111};

Formula (III)
OH OH OH

:  en )
L N2

wherein 7 is an integer of 0-5 and each R is independently an atom or group
selected from hydrogen atom, a halogen and an alkyl group




and a naphthal ene resin curing agent represented by formula (V): Fornula
(M RR RR OOR HRRR R*R RR™HRRR R _00 OHR RRwerein
each R is independently an atom or groupgsel ected fromhydrogen atom a
hal ogen and an al kyl group. 9. The use as clainmed in claim8 wherein the
curing agent aspaaxyenesmodifiedgplaapetic resiepewsmntgeht bepfasemted abyv.forb@ula THE) use
as clainmed in any one of clains 3 to 9 wherein the epoxy resin is used in an
anount of fromO0.8 to 1.3 tinmes the epoxy equival ents per hydroxyl group
equi valent of said resin curing agent. 20 11. The use as clained in any
one of the precedidithuid @V)s wherein the flanme retardant conposition
conprises alumnumnitride together with fused silica, crystalline silica
and/ or al unmi num oxidsd 12. The use asOBl|aimed in any d¥@ of the preceding
clainms in which the lflarre r et ar dant Forrposmlon IS pa tlcles of al um num

nitride together with silica_having a X1 mu i not._exceedi ng 150
m crons.
CHeul OOy

wherein 7 is an integer of 0-5

and a naphthalene resin curing agent represented by formula (V):

Formula (V)
R
R R
pood
R R
OO0

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

9. The use as claimed in claim 8 wherein the curing agent is a resin curing agent

represented by formula V.

10.  The use as claimed in any one of claims 3 to 9 wherein the epoxy resin is used in an
amount of from 0.8 to 1.3 times the epoxy equivalents per hydroxyl group equivalent

of said resin curing agent,



13. The use as clained in claim12 wherein the filler particle size
distribution lies between that of DI O=1.5-2. Gum D50=10-20um D90=70-80um
for pure silica, and D10=2- 8um D50=1 5g25um D90=40-55um for pure al um num
nitride, where DXX refers to dianeter at XX% by wei ght based on the

cunul ati \ué. fi Mheruspas tclaimed sn aey dinstafithe presading 4laifb evheseinabe dlarienetirdant any
one of the preceding claing in V\/nlch t he,.sem ndu devi ce co talns as a
seal i ng mat er icalfnpﬁm R SOMBHRS AlNEIUR E‘B‘F’r%%quF rg‘n%‘?‘?% 2,5 ystalg licasi n
of the fornul alﬁﬂnﬁ'nﬂﬂ)&)(éfes' n curing agent of the formula V, a m xture
of inorganic alumnumnitride filler and si Ilca OXIde fillers, curing

accel er at ere| n m)unt of fi4l er.s.d vveen h foI W n

st rai ght 1?1 ne?hﬂéw’%&s 6&1 o8k °* a™% Prgfﬁ"l %“%i Té]ﬁ imi %.rdant
A(FC=70) X FC‘C8 osifién @s lfbs bf Qluanhm\ nitride. t@g&hertdwtﬂ sﬂlcalhan% a fAxifnfn
B( FC—83)--- =95) 70 80 90 100 Filler Content, FC (w % 15. The

use as cl ai nedlﬁemohwegﬁlégéﬁoﬂh@ﬁpﬁi eceding cl ai ms wherein the al uni num
nitride is coated with silica. 16. The use clained in claim15 in which the
silica cdat ed Thkwmse auchninxs] inlvdaimol 2 whernimp the fitter aridle bizd dodtymitizom 1Re ibkiwegn

Wat Test (20h
er Test (20 SsrBR29% - Loum- DARTh-20um, D90=70-80um for pure silica, and D10=2-
8um, D50=1 5-25um, D90=40-55um for pure aluminum nitride, where DXX refers to

diameter at XX% by weight based on the cumulative filler particle size distribution.

14.  The use as claimed in any one of the preceding claims in which the semiconductor
device contains as a sealing material a cured epoxy resin composition comprising an
epoxy resin of the formula II, an epoxy resin curing agent of the formula V, a mixture
of inorganic aluminum nitride filler and silica oxide fillers, curing accelerator, wherein
the amount of fillers is between the following straight lines AB-BC-CD-DA drawn on

a graph as shown in Figure 1:

1 -————Q:(Fc=70}_~—-D(FC=90) —
w -
L 0.8 v-1 v-0
[ \
© 0.6
Q 1
e
E 0.4 \ -
A v
g 0.2 Y
. 0 : NP B (FC= 83}—.C(FC =95)
P 80 70 90 100

Filler Content, FC (wt %)

15.  The use as claimed in any one of the preceding claims wherein the aluminum nitride is

coated with silica.

16.  The use claimed in claim 15 in which the silica coated aluminum has the following

limits of hydrolysis:

Boiling Water Test (20hrs, 100deg C). NL (ppm)

Standard AIN (without coating) >100,000



Standard ALIN (w thout coating) >100,000 21 Silica coated ALN (SCAN) <150
Pressure Cooker Test (20hrs.120dee C) N (ppm Standard A1IN (w t hout
coating) >80,000 Silica coated AIN (SCAN) <2,500 17. The use as clained in
any one of the precedi n% claims wherein a curing accelerator is present in
an anount of ®Silemcoaed A (B&%AN) wei ght based on the total re&dbh
conposition. 18. The use of a flanme retardant conposition conprising

al um ni um ni t Praeuraoakéd Tese (20hes, [AMdear@) f1 ame retardancy td @pmapoxy resin
conposition used for sealing sem conductor devices the expoxy resin
conposition ftsltatnla@fd&mmﬂﬂsdmgoaﬁlgypoxy resin, a resin curbggoegent
optionally together with silica oxide and a curing accelerator. 19. The use

as clainmed i nS@lhcﬁic%‘atjeﬁAlPI M the amounts of al um num nitchdgpand silica
in relation to the total resin content and the amount of alum numnitride

inrelatign t h t filler nt _1.S;:.S€e e . t .the r.esin.
conposi tilz‘n rrgg% § g':t %Sea%ﬁl'aaéirm\@ et S%Egﬁ:oérg‘%%ﬁ@ %1 ‘g?%gﬁ’u 2?%%“19 %lgr X in
the UL-94 fla it! inf ¥nt @8buntopt fRRR10.05 W6 11V Bnevagid based & thaQotal rédp €
conventional flanme retardants. 20. The use as clainmed in claim18 or 19 in
whi ch the al uRPmpeAPR.ri de particles are coated with silica. 21. The use as
claimed in claim18, 19 or 20 in which the epoxy resin is selected fromthe
group con8i st iThg usé ofiafflunieatetardarit ompodtion somptisng lalumindim cutrids ian a, filker és ol
novol ac resins, CH%I yners between dicycl ocggnt adi ene nodi fg, ed phenaglic
resins and ph&RBAT HABGSFATIaRESioAD CARYY &S R FRmRASIHARASF 0T S8R SCIPEQRABRROF

type epoxy regi I & I & eyt REXKY i A0/ Or o
par axyl ene- mg}e\?l?eesdﬁ'%hg}ﬁxy?é F%sf%léb%%dn'?' e Sgggglﬁ Eﬁfgl ar%{egﬁi)ﬂséﬁgﬁoﬂé‘e%?
precedi ng cl aicnsng&envo@ionally wegedier wilith sileaioxidesand a durinp@ngdlergtar.al kyl
nodi fied) type represented by fornula (1): 22

19.  The use as claimed in claim 18 in which the amounts of aluminum nitride and silica in

t he

relation to the total resin content and the amount of aluminum nitride in relation to the
total filler content is selected so that the resin composition meets the Under Water
Laboratory (USA) requirement for V-0 in the UL-94 flammability test, optionally with

the addition of one or more conventional flame retardants.

20.  The use as claimed in claim 18 or 19 in which the aluminum nitride particles are

coated with silica.

21.  The use as claimed in claim 18, 19 or 20 in which the epoxy resin is selected from the
group consisting of naphthalene type resins, phenol novolac resins, cresol novolac
resins, copolymers between dicyclopentadiene modified phenolic resins and phenol
novolac resins and/or cresol novolac resins, biphenyl type epoxy resins, tri- or multi-

functional type epoxy resins and/or paraxylene-modified phenolic resins.

22 The use as claimed in any one of the preceding claims 18 to 21 in which the resin is a

biphenyl (aralkyl modified) type represented by formula (I):



Formula (I) RR2 R5 R6 HZC CHCH20 O O OCH2CH CH2 O O R3 Ra R7 R8
wherein RL to R8 is independently an atom or group selected from

hydr oghyhydr ogen atom a hal ogen and amal kyl group; or a naphthal ene
tetra-functional type represented by formula (I11): Formula (I1) RR RR
H2CG CHCH2ZO O O OCH2CH CHZ @ RR R\O H2CG CHCH2O1 OO/ OCH2CH CH2 R
R R R wherein each Ris independently an atom or group selected from

hydr ogen at onFormial(Bgen and an al kyl group 23. The use as clained in claim
22 in which the resin is the naphthal ene tetra-functional type represented
by formula (I11). 24. The use as cIﬁFr]FQd i/ﬁﬁany one of the preceding clains
18 to 23 in which the curing i resin curing agent selected from
the group consi st Hag—oCHAOH e JGLEAr+ RY2 agent, phenolic type
resin curing agent and’/or Xyl ene\Tgdi f i ed %ﬁ a- xyl ene gl ycol

di et hyl ether) phen&ic resimcurighg‘agept . 25 e use as clainmed in any
one of the preceding clainms 18to fﬁ i'n wﬁ?ch the curing agent is selected
froma phenolic resin curing agent represented by forrmula (I11): 23 Fornul a

(1)

wherein R; to Ry is independently an atom or group selected from
hydroghyhydrogen atom, a halogen and an alkyl group;

or a naphthalene tetra-functional type represented by formula (II):

Formula (II)

R R
R R
H,C— CHCH,0 — @ @ ~~ OCH,CH— CH,
\O/ R R g N S
__ OCH;CH— CH,

H,C— CHCH,0 —_
</ @ Ny
0
R R
R R

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

23.  The use as claimed in claim 22 in which the resin is the naphthalene tetra-functional

type represented by formula (II).

24.  The use as claimed in any one of the preceding claims 18 to 23 in which the curing
agent is a resin curing agent selected from the group consisting of naphthalene type
resin curing agent, phenolic type resin curing agent and /or para-xylene modified

(para-xylene glycol dimethyl ether) phenolic resin curing agent.

25.  The use as claimed in any one of the preceding claims 18 to 24 in which the curing

agent is selected from a phenolic resin curing agent represented by formula (III):



OHOHOH P. RR CHZ CHZ n wherein ,t is an integer of 0-5 and each Ris

i ndependently an atom or group sel ected

an al kyl group. a paraxyl ene-nodified phbgnolic resin curing agent
represented by fornmula (1V): Formula (I1V) OHOH OH CHZ CH20 n wherein
is an integer of 0-5 and a naphthal ene resin curing agent represented by

forma (V):
OH 11 R

24 Fornmnul a

Formula (
OH OH OH

) R\% )
CH, L&;ﬁ) w CH;

wherein v is an integer of 0-5 and each R is independently an atom or group selected

from hydrogen atom, a halogen and an alkyl group.

a paraxylene-modified phenolic resin curing agent represented by formula (IV):

Formula (IV)
CH OH OH

| |
I@{cm.@_cn,@}c?z@cm@

wherein  is an integer of 0-5 and a naphthalene resin curing agent represented by

formla (V):

from hydrogen atom a hal ogen and

, 1

I{I\)/) RR RRR HRRRR RR*ROHRRR ROO



R R wherein each R is independently an atom or group sel ected from hydrogen
atom a halogen and an al kyl group. 26. The use as clained in any one of
the preceding clainms 18 to 25 in which $he curing agent is a resin curing
agent represented by fornmula V. 27. The use as clainmed in any one of the
preceding clains 18 to 26 in which the epoxy resin is used in an anount of
fromO0.8 to 1. Forimda (Mje epoxy equival ents per hydroxyl group equi val ent

of said resin curing agent. . The use as clained in any one of the
preceding clains 18 to 27 in ich the flame retardant conposition al um num
nitride together wi Rh fused si]ich, crystalline silica and/or alum num

oxi de. 29. The use as rﬁl@ any one of the preceding clains 18 to 28 in
which the flane reta dant sition is particles of alum numnitride
together with siPH'jca ha || ng & maXikum size not exceeding 150 microns. 30.
The use as cl ai in any ong of the preceding clainms 18 to 29 in which the
filler particle size distriQution|lies between that of D10=1.5-2. Qum
D50=10-20um D90=70- 8. si Lila, and DI 0=2- 8um D50=1 5-25um
D90=40- 55um for pure
by wei ght based on the ,
31. The use as clained i oneYof the preceding clainms 18 to 30 wherein
the amount of filleggis betvygen the follow ng straight |ines AB-BC CD DA
drawn on a graph as shown in Figure 1X 1 A(FC=70) "D(FC=90) 0.8 V-1 V-0 \
00.6 o0

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

halogen and an alkyl group.

26.  The use as claimed in any one of the preceding claims 18 to 25 in which the curing

agent is a resin curing agent represented by formula V.

27.  The use as claimed in any one of the preceding claims 18 to 26 in which the epoxy
resin is used in an amount of from 0.8 to 1.3 times the epoxy equivalents per hydroxyl

group equivalent of said resin curing agent.

28.  The use as claimed in any one of the preceding claims 18 to 27 in which the flame
retardant composition aluminum nitride together with fused silica, crystalline silica

and/or aluminum oxide.

29.  The use as claimed in any one of the preceding claims 18 to 28 in which the flame
retardant composition is particles of aluminum nitride together with silica having a

maximum size not exceeding 150 microns.

30.  The use as claimed in any one of the preceding claims 18 to 29 in which the filler
particle size distribution fies between that of D10=1.5-2.0um, D50=10-20um, D90=70-
80um for pure silica, and D10=2- 8um, D50=] 5-25um, D90=40-55um for pure
aluminum nitride, where DXX refers tc;:diameter at XX% by weight based on the

cumulative filler particle size distribution.



0.4 NUO.2 Z0 B(FC=83) ---MC (FC=95) 60 70 80 90 100 Filler Content, FC
(wt %9 32. The use as clainmed in any one of the preceding clains 18 to 31 in
which the aluminum nitride is coated wpth silica. 33. The use clained in
any one of the preceding clains 18 to 32 in which the silica coated

al um num3has fﬂhe ubohd dainmgl iniany tone of theymeiding daimBdi8|to 13§ Wiidren tieamhount of

(20hr s, 100deg ) St andard Al th >100,000 Silica
coated Al N ( SEHRES kis BB e iaang, byl &ﬁ@ﬁz@g’b&rw R Gpiaph as
Standard AN GumhkiDaHEiegRATI Ng) >80,000 Silica coated ALN (SCAN) <2,500 34.
The use as clained in any one of the preceding clains 18 to 33 in mhlch a
curing accelerator is present in an anmount of fromO0.05 to 1% by wei ght
based on the total resin conmposition. 35. The nethod of inparting flanme
retardancy to a sem conductor device sealed with a resin conposition

conpri sing incorporati I hhﬁgﬁesLn_Qangﬁk&L@mma fl ame retardant

conposi tion conprisiing alumRxumnitride. 26 36. The nethod as clained in
claim35 in mhiéhO@he—ﬁkaﬁe—feigrdaﬁf—eﬁﬁpmgrffﬁﬁ—conprises alum numnitride
treated to |nh|@|g Hydrol ysis. \37. The nethdd as clainmed in claim35 or
claim36 in whieh fHe resin is a epoxy resim. 38 The nmethod as clained in
claim35 in whi¢hetiHe epoxy resim\is selected fromthe group consisting of

napht hal ene typée€ regins, phenol nO\oI ac resi ns, cresol novol ac resins,
0 0.2

3
0 : B {rc=083) —Jllc (FC=95)

60 70 BO a0 100
Filler Content, FC [(wt %)

AlN : F

32.  The use as claimed in any one of the preceding claims 18 to 31 in which the aluminum

nitride is coated with silica.

33.  The use claimed in any one of the preceding claims 18 to 32 in which the silica coated

aluminum has the following limits of hydrolysis:

Boiling Water Test (20hrs, 100deg C). NL (ppm)
Standard AIN (without coating) >100,000
Silica coated AIN (SCAN) <150
Pressure Cooker Test (20hrs, 120deg C) N (ppm)
Standard AIN (without coating) >80,000
Silica coated AIN (SCAN) <2,500

34.  The use as claimed in any one of the preceding claims 18 to 33 in which a curing
accelerator is present in an amount of from 0.05 to 1% by weight based on the total

resin composition.

35.  The method of imparting flame retardancy to a semiconductor device sealed with a
resin composition comprising incorporating in the resin composition a flame retardant

composition comprising alaminum nitride.



copol yners between di cycl opent adi ene nodi fi ed phenolic resins and phenol
novol ac resins and/ or cresol novol ac resins, biphenyl type epoxy resins,
tri- or nulti-functional type epoxy reggns and/ or par axyl ene-nodi fi ed
phenolic resins. 39. The nethod as clained in claim37 in which the resinis
a bi phengb. (aTakkykthoddad ickiihed tiy pelaine (@5e e nwidch ie f funidiIratatdaht compositian (1)
RR5 R6 HRCG- CHCH20 O, O OCH2CH- CH2 O O. . R3. Re R7. R8 wherein R3to R8 is

i ndependent | y CamPHSSAERInymorifidedreatedde inhibhhydiglysisgen atom a hal ogen and
an al kyl group; 27 or a naphthal ene tetra-functional type represented by
fornul a @F!): ThEmethddas(dlaimer iikclafn RS okpi@im GAIGHMBich the raSEHS ak eGo¥Pre@nR O
H2C- CHCH20O :i4:i4c OCH2CH CH2 R R R R wherein each R is independently an

atom or @8oup Thenethadlasf dlsimelyinclage 35 imtvhich the bpdxygesin anstlanedfréntlthggroup 40.
The nmet hod as cl ai rred@l laim 39 in which the resm i.s the napht hal ene
tetra- functi aﬁaalswp B“*‘ 18 dtYB§ Ieihsmphenql | noyolag jresims crasol pigpolag resins, ned

20y one of chhlAkREAbEh SLalBPeiibR A0aEPs WLATALBON ohERTIBvbRc Used

and as a curi ng aresin ng age rom rou
resins and/or cresol novolac resins, biphenyl type epoxy resins, tri- or multbﬁmctlonal

type epoxy resins and/or paraxylene-modified phenolic resins.

39.  The method as claimed in claim 37 in which the resin is a biphenyl (aralkyl modified)
type represented by formula (I):

Formula (I)

R, R‘l RS

wherein R to Rgis independently an atom or group selected from
hydrogen atom, a halogen and an alkyl group;



consi sting of naphthal ene type resin curing agent, phenolic type resin
curing agent and /or para-xylene nodified (para-xylene glycol dinethyl

et her) phenolic resin curing agent. 4227The nethod as clainmed claim4l
wherein the curing agent is selected froma phenolic resin curing agent
represent ed byr 4 saphthadene tetra-furcgional | tgpe(epreyentyd Hoomulagllk cH2 CH2  n

wherein 21 is an integer of 0-5 and each R is independently an atom or group
sel ected fron1h¥Q&%gﬁﬁnﬁton1 a hal ogen and an al kyl group 28 a

par axyl ene- nodi fi'ed phenolic resjin curing agent represented by fornula (I1V)
Formula (N) OH OH OH fCHzCHZ O GO n wherein 1j is an integer of 0-5 and
a napht hal ene resin curing agep L

"ted by formula (V): Formula (V) R
R RR OO~R OHRRRR R@
H,C— CHCH,O —

OCH,CH— CH;

\O/ lll R R \O/
H,C— CHCH;0 — __ OCH,CH— CH,
</ @ N/
© R R
R R

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

40.  The method as claimed in claim 39 in which the resin is the naphthalene tetra-
functional type presented by formula (II).

41.  The method as claimed in any one of the preceding claims 35 to 40 in which an epoxy
resin is used and as a curing agent a resin curing agent selected from the group
consisting of naphthalene type resin curing agent, phenolic type resin curing agent and
/or para-xylene modified (para-xylene glycol dimethyl ether) phenolic resin curing

agent.

42.  The method as claimed claim 41 wherein the curing agent is selected from a phenolic

resin curing agent represented by formula (III);

Formula (III)
OH OH OH

CH, w CH,

)

wherein » is an integer of 0-5 and each R is independently an atom or group
selected from hydrogen atom, a halogen and an alky} group




OHRRR RO0O OHR R R wherein each Ris independently an atom or group
sel ected from hydrogen atom a hal ogen and an al kyl group. 43. The nethod
as clainmed in claim42 wherein the curiygg agent is a resin curing agent
represented by fornula V. 44. The nethod as clainmed in any one of clains 37
to 43 wherei ra tphmxglsogymadiBéd phenal®edesin wusng aageontrepréseintadimb®. HHrmaolal (Bt i nes
t he epoxy equival ents per hydroxyl group equivalent of said resin curing
agent. 29 45. The nethod as clainmed in any one of the preceding clains 35
to 44 wherein the flanme retardant conposition conprises alum numnitride
together with fupednslal(I¥R, crystalline silica and/or alum num oxide. 46.
The nmethod as clainmed in any one of the preceding clains 35 to 45 in which
the flame retardanOHconposition is @i ticles of alumPBum nitride together
with silica haV|ng nmaxi mum si ze n t exceedi ng 150 ﬂlcrons 47. The net hod

as claimed in cIa|m46 wher thef|II r par cle si distribution lies

bet ween that of 5- 7@H or pure silica, and

D10=2- 8um D50= 1 i U itride, where DXX
r at XX%

refers to dianete by melght a d ,on e cunulatlve filler particle
size distribution. 48. The nethod as claimed in any one of the preceding
clains 3 1o 4fhdBinWhi ehidkder of@H1 conduct or device contains as a sealing
material a cured epoxy resin conposition conprising an epoxy resin of the
formula I'l, an epoxy resin curing agent of the fornula V, a m xture of
inorganic alumnumnitride filler and silica oxide fillers,

and a naphthalene resin curing agent represented by formula (V):

Formula (V)

R R
R

R
ool
R ©©
Boos

R R

OH

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

43,  The method as claimed in claim 42 wherein the curing agent is a resin curing agent

represented by formula V.

44,  The method as claimed in any one of claims 37 to 43 wherein the epoxy resin is used
in an amount of from 0.8 to 1.3 times the epoxy equivalents per hydroxyl group

equivalent of said resin curing agent.



curing accelerator, wherein the anmount of fillers is between the follow ng
straight lines AB-BC CD DA drawn on a graph as shown in Figure 1. 1
A(FC=70) ~D(FC=90) 0.8 V-1 V-0 w\ \ »¥0.6 0\ 0.4 u0.22Z0 B(FC=83)---
EC(FC=95) 60 70 80 90 100 Filler Content, FC (WM % 49. The nethod as

cl ai med 451 arlheomethofl at blnimed reaiyngnecdfaherpredaling cldBns\Be teeidh whinein thie dameum

nitride is coated with silica. 50.. The nmethod as.clainmed in.¢claim49. in
whi ch the si IR0 FQRPONHRR FOmBPriges (3leminug) | ifidsg tegetiers W ?9%fﬂo|sgh§ass;

Boi I ing Water, ﬁﬁiiné 2805 Snd/OPA68iRAm Meidé pPm  Standard AIN (w thout coati ng)
>100,000 30 Sitlica coated AN (SCAN) <150 Pressure Cooker Test

(200 MR LrRpish BT Rt G515 40000 e

precedi ng cl ajetisdadh bRipdsifios Us iphdicled Gsfedl@nifuél nitidd tageer with aimicallﬁwﬁﬁ% 20f
fromO0.05 to 1% by weight based on the total resin conposition. 52.

seni conduct ormaeiiusesige aplerkcogding hi) @EERHE- r esi n conposi ti on whi ch contai ns
as a flame retardant a material conprising alumniumnitride in which the
resin is4d  The method as claimed in claim 46 wherein the filler particle size distribution lies

between that of DI0=1.5-2.0um, D50=10-20um, D90=70-80um for pure silica, and
D10=2- 8um, D50=1 5-25um, D90=40-55um for pure aluminum nitride, where DXX
refers to diameter at XX% by weight based on the cumulative filler particle size

distribution.

48.  The method as claimed in any one of the preceding claims 3 to 47 in which the
semiconductor device contains as a sealing material a cured epoxy resin composition
comprising an epoxy resin of the formula II, an epoxy resin curing agent of the
formula V, a mixture of inorganic aluminum nitride filler and silica oxide fillers,
curing accelerator, wherein the amount of fillers is between the following straight lines

AB-BC-CD-DA drawn on a graph as shown in Figure 1:

1 -—qi(Fc::'m) — D (FC=30) T

@
O v-1 V-0
[ ‘\\ ]
° 0.6
[¢) 1 1
o
5 0.4 \ '
H
\ '
g 0.2 \
. 1
- = B (Fc=83) —JlC (FC=95)
o 60 70 80 90 100

Filler Content, FC (wi %)

49,  The method as claimed in any one of the preceding claims 35 to 48 wherein the

aluminum nitride is coated with silica.

30, The method as claimed in claim 49 in which the silica coated aluminum has the

following limits of hydrolysis:

Boiling Water Test (20hrs, 100deg C). NL (ppm)
Standard AIN (without coating) >100,000



napht hal ene tetra-functional type presented by formula (11): Fornula (11) R
R RH2CG CHCH2ZO)#R OCH2 HCH2 O R R R O H2C CHCH20 O O/ OCH2CH CH2 R
R R R wherein RL to Rs is independenti3) an atomor group selected from
hydrogen atom a hal ogen and an al kyl group; 53. A sem conductor device as
claimed in clSilina soatehARR(IBAN)e flame retardant conprises <HOum ni um
nitride treated to inhibit hydrolysis. 54. A sem conductor device as clained
in claimb52 oPreSstrerGeolar Teaty26hculPOdgg &Jent a napht hal ene Néppm) curi ng

agent represented by formula (V): 31 Formula (V) RR R~ OO~R OHRRR
R-00~ R OH Rs@nRr@@IR (wlHoft diating) >80,000

Silica coated AIN (SCAN) <2,500

51. The method as claimed in any one of the preceding claims wherein a curing
accelerator is present in an amount of from 0.05 to 1% by weight based on the total

resin composition.

52. A semiconductor device sealed with an epoxy resin composition which contains as a
flame retardant a material comprising aluminium nitride in which the resin is a

naphthalene tetra-functional type presented by formula (II):

Formula (IT)

R R
R : R
HzC— CHCH,0O — | : T OCH,CH— CH,
\0/ R R \ S
- OCHZCH c:H2

H,C— CHCH,O —
S ©
O

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

53. A semiconductor device as claimed in claim 52 in which the flame retardant comprises

aluminium nitride treated to inhibit hydrolysis.

54. A semiconductor device as claimed in claim 52 or 53 wherein as a curing agent a

naphthalene resin curing agent represented by formula (V):



wherein each Ris independently an atom or group selected from hydrogen
atom a halogen and an al kyl group. 55. A sem conductor device as clained
in claimb54 wherein the epoxy resin is ysed in an anmount of from0.8 to 1.3
times the epoxy equival ents per hydroxyl group equivalent of said resin
curing agent. 56. A sem conductor device as clainmed in any one of clains 52
to 55 wherein Foemulat¥) retardant conprises aluminumnitride together wth
fused silica, crystalli iLica and/or alum num oxide. 57. A sem conduct or
device as clainmed in an f claims 52 to 56 in which the flane

retardant material Rs particles &8 alum numnitride together with silica
havi ng a maxi num si zZ¥ edi ng 150 mcrons. 58. A sem conductor device
as clainmed in claimb5¥ he filler particle size distribution lies
bet ween t hat ofogéO:l.Sw’. D50-R0-20um D90=70-80um for pure silica,
and D10=2- 8um 0=1 55ump D90=40-55um for pure alum num nitride, where
DXX refers to diameter at XX% by wei ght based on the cunulative filler
particle size distribwéign: 39. A Qngbnductor devi ce containing as a
sealing material a cu conposition conprising an epoxy resin
of the fornmula Il, an epo Hing agent of the formula V, a m xture
of inorganic alum num ni er &nd silica oxide 32 fillers, curing
accel erator, wherei gg he amognt of, fillers is between the foll ow ng

straight |ines AB-BC CD DA drawn §raph as shown in Figure 1: 1 A(FC=70)
MD(FC=90) 0.8 V-1 V-0 W\R\“\ :

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

halogen and an alkyl group.

55. A semiconductor device as claimed in claim 54 wherein the epoxy resin is used in an
amount of from 0.8 to 1.3 times the epoxy equivalents per hydroxyl group equivalent

of said resin curing agent.

56. A semiconductor device as claimed in any one of claims 52 to 55 wherein the flame
retardant comprises aluminum nitride together with fused silica, crystalline silica

and/or aluminum oxide.

57. A semiconductor device as claimed in any one of claims 52 to 56 in which the flame
retardant material is particles of aluminum nitride together with silica having a

maximum size not exceeding 150 microns,

58. A semiconductor device as claimed in claim 57 wherein the filler particle size
distribution lies between that of DI0=1.5-2.0um, D50=10-20um, D90=70-80um for
pure silica, and D10=2- 8um, D50=1 5-25um, D90=40-55um for pure aluminum
nitride, where DXX refers to diameter at XX% by weight based on the cumulative

filler particle size distribution.

59. A semiconductor device containing as a sealing material a cured epoxy resin
composition comprising an epoxy resin of the formula II, an epoxy resin curing agent

of the formula V, a mixture of inorganic aluminum nitride filler and silica oxide



0.2 0 B(FC=83)-C(FC=95) 60 70 80 90 100 Filler Content, FC (wt % 60. A
sem conduct or device clainmed in any one of clains 52 to 59 when the al um num
nitride is coated with silica. 61. A sepiconductor device as clained in
claim60 in which the silica coated alum num has the following limts of
hydrol ysi s: Hilers, nyriigt ®xelEemsdr, (idheis, thé Gaeud) of Nillegn dsrpetwitcantiarfdllédig

(wi thout coating) >100,000 Silica coated AN (SCAN) <150 Pressure Cooker
Test (20hrs, firexﬂ@bh@s ABBfgD-D4 awaaqual %&IRPN?% %&mm]&s&w Ag) >80, 000

Silica coated ALN (SCAN) <2,500 62. A sem conductor device as clained in any
one of claims 52 to 61 whepein a curing i’ﬁ CLFOr)a_t or is present in an anount
of fromO0.05 ta 1% by wel g baséd on the™ota Fesin conposition. 63. An
epoxy resin corﬁpo.&i-u_OﬂlM' gegn condyuct or devi ces conprising an
epoxy resin, awesijn curing a'ggnt, a fillern matertal conprising alum num
nitride as a fJ &rfef retardant—optionalty togetteriwith silica oxide and a
curing accelerator,| in which _t anounts of alumnumnitride and silica in

relation to thettotlal resin contegt and the " anmpbunt of aluminumnitride in
relation to the tot | i $0 that the resin

conposition neets the Under Water Ligorat ory {USA) requirenent for V-0 in 33
the UL-94 flanmmmbi’lTTy Test, optigia B)‘/“\“Aﬂ;g ﬁgi??)&diti on of one or nore

. 60 gli} . Lo . .
conventional f9anme retarda ].te§'cor16tﬁf't An epoxy resin conposition as clainmed in

N
claim63 in which the al uminicam™hityi'de™ Sérticles are coated with silica.
65. An epoxy resin conposition as clained in claim63 or 64 in which the

epoxy resin is

60. A semiconductor device claimed in any one of claims 52 to 59 when the aluminum

nitride is coated with silica.

61. A semiconductor device as claimed in claim 60 in which the silica coated aluminum

has the following limits of hydrolysis:

Boiling Water Test (20hrs, 100deg C). NL (ppm)
Standard AIN (without coating) >100,000
Silica coated AIN (SCAN) <150
Pressure Cooker Test (20hrs, 120deg C) N (ppm)
Standard AIN (without coating) >80,000
Silica coated AIN (SCAN) <2,500
62. A semiconductor device as claimed in any one of claims 52 to 61 wherein a curing

accelerator is present in an amount of from 0.05 to 1% by weight based on the total

resin composition.

63.  An epoxy resin composition used for sealing semiconductor devices comprising an
epoxy resin, a resin curing agent, a filler material comprising aluminum nitride as a
flame retardant optionally together with silica oxide and a curing accelerator, in which
the amounts of aluminum nitride and silica in relation to the total resin content and the
amount of aluminum nitride in relation to the total filler content is selected so that the

resin composition meets the Under Water Laboratory (USA) requirement for V-0 in



selected fromthe group consisting of naphthal ene type resins, phenol

novol ac resins, cresol novolac resins, copolyners between dicycl opent adi ene
modi fi ed phenolic resins and phenol noyplac resins and/or cresol novol ac
resins, biphenyl type epoxy resins, tri- or multi-functional type epoxy

resi ns and/ orthp&afHa%y flamenability ftest.doppioaaldy ivith ks additio66f orenoregporeyconeantional
conposition gﬁ clainE%Hin any one of clainms 63 to 65 in which the resinis
a bi phenyl (a"¥MKIAATHFYSfi ed) type represented by fornula (1): Fornula (1) R
R /R6 H2G CHCH20 O O OCH2CH CH2 O O R3 Ra R7 Rg wherein RI. to R3.is

i ndepend@ht | yARSPEXDOE§SH cofRBoptian: peelaraed ek @8 ogenhigh dhg alyminymopdndand

an al kyl gro i whi ch may be the sane or different, are
each an atom;gam%@%%rgcgatg? @es? romthe group consi sting of hydrogen atom

For /45 8 ARl st RS S DU o MAmERIRERE R
HC- CHCH20 Qe%ed%la% gfd® cdRsitify B Adphetdiatee ?@m Fhdrd] nBSIReRARRL | Y

an atom or group selected from hydrogen atom a "hal ogen and an al kyl group
67. An epoxy cresil novaapoesinsj arpobisnars bétweedn divyaopersadiensd modifliedphé®licaedns i n

whi ch the . . . .
and phenol novolac resins and/or cresol novelac resins, biphenyl type epoxy resins,

tri- or multi-functional type epoxy resins and/or paraxylene-modified phenolic resins.

66.  An epoxy resin composition as claimed in any one of claims 63 to 65 in which the

resin is a biphenyl (aralkyl modified) type represented by formula (I):

Formula (I)

R, R, R
>_<2 N
H,C— CHCH,O O /O\ OCH,CH-— CH,

NS N S
0 0

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

wherein R; to Rs, which may be the same or different, are each an atom or group
selected from the group consisting of hydrogen atom and alkyl groups or a

naphthalene tetra-functional type represented by formula (II):

Formula (IT)

HzC— CHCH;O /\ OCHzCH— CH,



resin is the naphthal ene tetra-functional type represented by formula (I1).
68. An epoxy resin conposition as clainmed in any one of claims 63 to 67 in
which the curing agent is a resin curiquyg agent selected fromthe group
consi sting of naphthalene type resin curing agent, phenolic type resin
curing agent wherein@aclpRriaindgbemientipan hicador grpay mlecyédefnangiyymrglendtomretahyl

et her) phenol hflogedsind a@lkylgr@gent . 69. An epoxy resin conposition as
claimed in any one of claims 63 to 68 in which the curing agent is selected
froma phenolic resin curing agent represented by formula (I11): Formula

(111) OfH Gy By ﬁsug?&né&%ﬂﬁ‘ { Ela ﬁ%éd fﬁné Ot E9fhs 83 1068 i E%I@ﬁ% Ris

i ndependent |y an at’om or up selecte ydrogen atom a hal ogen and
an al kyl groupsmmEheemyhthmlenﬂmhaiﬂmdlqnhleﬂypéreanase:stedlbptﬁmmga dfent represented
by formula (1V): Fornmula (1V) OHOH OH Cn wherein -1 is an integer of 0-5

and a naggt haAﬁregog&sm 6 Ofé@tl@ﬂ@@blaflﬁéﬁ Bt 6kt 6 clalRhdeh 20 6Y)in viich gy mul a
(M) RR RRRROQOR

curing agent is a resin curing agent selected from the group consisting of naphthalene

type resin curing agent, phenolic type resin curing agent and /or para-xylene modified

(para-xylene glycol dimethyl ether) phenolic resin curing agent.

69.  An epoxy resin composition as claimed in any one of claims 63 to 68 in which the
curing agent is selected from a phenolic resin curing agent represented by formula
(I):

Formula (1)
OH CH
R R R

CH, W CH,
N

wherein  is an integer of 0-5 and each R is independently an atom or group selected
from hydrogen atom, a halogen and an alkyl group

a paraxylene-modified phenolic resin curing agent represented by formula (IV):

Formula (TV)
OH OH OH

@{CH}@.CHZ@JJC?_©£HZ@

wherein 7 is an integer of 0-5

and a naphthalene resin curing agent represented by formula (V):



R OHRR_R R/ OOCHI11 R R R wherein each Ris independently an atom
or group selected from hydrogen atom a hal ogen and an al kyl group. 70. An
epoxy resin conposition as clainmed in agpy one of clains 63 to 69 in which
the curing agent is a resin curing agent represented by formula V. 71. An
epoxy resin conposition as claimed in any one of clains 63 to 70 in which
the epoxy resit@rmlaé¥d in an anount of from0.8 to 1.3 tines the epoxy
equi val ents per hydroxy greup equival ent of said resin curing agent. 72.
An epoxy resin conpositijon ag clainmed in any one of clains 63 to 71 in which
the flame retardanR _compei mnumnitride together with fused silica,
crystalline silica aiﬂiﬁ' : num oxi de. 73. An epoxy resin conposition as
clained in any one of~Cl-gwe—B83-10 72 in which the flame retardant nmaterial
is particles of ﬁ!uninuq1nitride tdﬁether with silica having a maxi num size
not exceedi ng 19 mcroms. 7R Angpepoxy resin conmposition as clainmed in any
one of clains 63 to 73 in whijch the filler particle size distribution lies
bet ween that of D O=1g5- i\ 6<10-Mum  DY0=70- 80um f or pure silica,
and D10=2- 8um D50=1 5-25ur id- 55um for pure alum numnitride, where
DXX refers to dianeter at 7 based on the cunulative filler

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

halogen and an alkyl group.

70.  An epoxy resin composition as claimed in any one of claims 63 to 69 in which the

curing agent is a resin curing agent represented by formula V.

71.  An epoxy resin composition as claimed in any one of claims 63 to 70 in which the
epoxy resin is used in an amount of from 0.8 to 1.3 times the epoxy equivalents per

hydroxyl group equivalent of said resin curing agent.

72.  An epoxy resin composition as claimed in any one of claims 63 to 71 in which the
flame retardant comprises aluminum nitride together with fused silica, crystalline

silica and/or aluminum oxide.

73.  An epoxy resin composition as claimed in any one of claims 63 to 72 in which the
flame retardant material is particles of aluminum nitride together with silica having a

maximum size not exceeding 150 microns.

74.  An epoxy resin composition as claimed in any one of claims 63 to 73 in which the
filler particle size distribution lies between that of DI0=1.5-2.0um, D50=10-20um,
D90=70-80um for pure silica, and D10=2- 8um, D50=l 5-25um, D90=40-55um for
pure aluminum nitride, where DXX refers to diameter at XX% by weight based on the

cumulative filler particle size distribution.



1 4A(FC=70) ~D(FC=90) 0.8 V-1 V-0 w\ \ 00. 6o\ ro0.90.2 zZ0
B(FC=83)--- MZ(FC=95) 60 70 80 90 100 Filler Content, FC (WM 9% 76. An
epoxy resin conposition as clainmed in afy one of clains 64 to 75 in which
the silica coated alum numhas the following Iimts of hydrolysis: Boiling
Wat er Te%3. (28hreppy) Ockdy cQupbitioppsiclaiBedindanyl oAk Nf (oMimscak toc Bdtwheegin the
>100,000 Silica coat Al SCAN) <150 . Pressure Coqker Test (20hrs, 12Cdeg
O N (nnm . SERSkEAE fiers ﬁ%eﬁwﬂ%cﬁﬁ@\ﬁ@g TR HHS %ﬁgaﬁﬁ&a&ﬁammn@smm
<2,500 77. Anglg gysﬂowiﬂfqgggqsition as claimed in any one of clainms 63 to

76 in which a @lﬁrlng accel tor is present in an anmount of fromO0.05 to 1%
by wei ght based on the total resin conposition.

1 ——*{(FCEIOJ — DFc=90) 7

%
L 0.8 v-1 V-0
[ \\‘ )
© 0.6 "
[+]
o
H 0.4 \ L}
s
\ v
© 0.2 \
- \
- O : B (Fc=83) —JlC (FC=95)
4 60 70 80 90 100

Filler Content, FC {wt %)

76.  An epoxy resin composition as claimed in any one of claims 64 to 75 in which the

silica coated aluminum has the following limits of hydrolysis:

Boiling Water Test (20hrs, 100deg C). NL (ppm)
Standard AIN (without coating) >100,000
Silica coated AIN (SCAN) <150
Pressure Cooker Test (20hrs, 120deg C) N (ppm)
Standard AIN (without coating) >80,000
Silica coated AIN (SCAN) <2,500

77.  An epoxy resin composition as claimed in any one of claims 63 to 76 in which a
curing accelerator is present in an amount of from 0.05 to 1% by weight based on the

total resin composition.



