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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
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aspect of the invention there 1s prov an epoxy resin conposi used
for sembigagicsdidre oaldognion ndede amkorsiliar i si ng a napht hal ene
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of somegcapgi dates with very high heat dissipation capability as well as
sol dering stress resistance at 260C (for robust |IC packages). DETAILED

DESCRI R} Mr-gége& W%\Erkngélntion there is provided 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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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 undergo 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.

2Al(OH); — ALO; + 3H,0 Rxn 2

Enthalpy (heat of reaction) involved, AH = -298kJ/mol
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a more environmentally friendly epoxy resin composition. Among the abovementioned
advantages, this may render the expensive aluminum 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 - USA)’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 (I} 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.




H gher filler content also increases resistance to flow of EMC. Hence there
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atoms is lower compared to both the phenolic resin curing agent represented by formula (1II)
and the paraxylene-modified phenolic resin curing agent (xyloc) represented by formula (IV).
Hence structure (V) possesses relatively highest flame retardancy among these three resin

curing agents and others.

With the above naphthalene type epoxy resin (II) and 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

hereinafter.

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 CE5 (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
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addi t i gBsin, # CuRRe REanhraewingagreplettery a Hilles and etien additivespyg ymixed sufiigiently
antinony .;to. ' -94 V-0 requir i | V. ' . D ent
flame raeﬁ[dalir%'@i%)nc 'g%{g%l?#?lg?re?ﬁ&e r] 1z(g’i {rlllgﬁgﬁghlrdé@lf%isclﬁaf %eagggﬁ%lgg?gghﬁgsrg

i |1 ust riaiedbriy tkeHbke( Bhd tiRReadedifo®RO YcobRE i anll grénd. Théhohdihg thakedfal thugur i ng
agent) and CE7 (Paraxyl ene-nodified phenolic resin curing agent). These
conposi ebtained eande lﬁé‘éé)fe‘éé%lmgb enfings InsiHetione elgr ofaiectiogicasts of glegiaigiparty t he
term nol ogy "conparative exanples” illustrates conpositions which do not
meet ULA@#Arding ud therprasentfiovenyiod, therdoan baddiainesnan envieonmental dridadly sresini ng

Pt ovi RO Ay SR VEE BREna on i U HEE A8 FreRBphsdne e RURRSB: her
epoxy rfgilowinsoistaRchbsOrptiofliniiie tery t h t he napht hal ene tetra-functional
type epoxy resin of formula (I'l), this other epoxy resin can be for

exanpl e bi sphenol tmmoﬁgﬁipmm FMBOBPOVEXES €PpoXy resins,
phenol novol ac type epoxy resins, tri- functional epoxy resins (e.g.,
triphe n p . I RsS] . | £ re.phenal et hane
type e%e};mr% tgés}?nl?)vg%dr:\bzl fs r ?%&élznlaﬁglj ﬁﬁsgpgﬁcg%%@%qﬂﬁfﬁ% ‘g%g@ Erxé1 H rlfgS "fﬁh{g,@

bl endi riixangiléso thefanidunt bHéaeh cempanyent assdrin bympewrghg it pakthiby elght. resin curing
agents (I) and/or (11) by weight is generally in an anount of about 0.8 to
about IERABPPKFE 1equi val ents per hydroxyl group equival ent of the total
amount of resin curing (I11) and/or (1V) and/or (V). It is

The following components of the following proportions are mixed at room temperature using

w

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 silica filler 0.0 parts by weight
Triphenylphosphine {TPP) 0.2 part by weight
Silane coupling agent 0.6 part by weight
Carbon black 0.3 part by weight
Releasing agent 0.5 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




typically observed that the physical properties such as humdity resistance
tend to deteriorate outside of this range. In the present invention, the
filler particle size distribution shouPd be between D10=1.5-2. Qum

D50=10- =40~ for pure silica, and D10=2- D50=15- 25um
D90:40-§@J_§g}§?4?%$5‘é§|( am numnitride, where DXX re g(iﬂs to a dianeter at
er e

ei ght _based. on_ the cunul ative filler particle size distribution.

: Presy o

S\ CB (20 : &4 | ubricating beBfngs' that pronote
flowability as well as mnimzing air-vent flashes during transfer

mol di ngS d AINHwithoutsatingy | e of such filler can P8%8@9 these functions
ineffective. H gher sphericity of fillers and wider filler particle size

di st ri bbilicapoatekARRCESAM)Y to maintain good fl owabkRjs0§ and processibility
for EMCwith higher filler content. Spherical fillers can also help to
reduce AIN and veated Alngle thrapire@urtht bolidy witierabst! sy 6E56WdG S BRPebdAin The
curing l%ﬁgl?legr ator used in the present conposition can be any material as

| ong as fie 10nized M tar 2¢hourseah iQ0deg Oo bt the dressitre coplex yestyrlguaf pofvdehis

conpon r f.th nent (.B). ring . .
accel e?%l%%esj@nggﬁr}glrg ;afl qﬁ&%%d(?% t"ge%r?r‘?ﬁg‘ﬁﬁt%ﬁiZQ?é@r ghes ﬁ’lgtf’%tb?f(e),ﬂyérgg’éﬁ Ys

di azabi myasumdrigemaheingRthmnioniqdoatet phins phtdrafteriBR)estdhenzyl di net hyl ami ne
(BDVA) ,—2-pethylimdazole (2-MZ) and the like.  These conpounds can be used
al one OFori épox§ORRINN 88 hAskiRin F¥Rie Ofetdf@df - Wolew apat i

pr ef er abl ébus_gd irrllan g'(?rh[l)qr?t of eO.el to lpei‘t% %wﬁegg%@cg?t%é c@g?lgﬁed gﬁoxy
resin délﬁlﬁwrlteirs)babqratonhs ispneinf thesmbs sedelpaed .11 bagitry wivhipghitt prepardtiess of

th i ng, ..ol ded. proodyct. d d_nol | e har act eri st |
Lend' toHGh PR B EF BidRe SMCHRCiAC T 20Re: PR 2 omray ke Tha Relded et on
pr oceedsiederid sdn’ @kt litto faadHandewith l!élﬂbffr_b{tu}ee&ﬂﬁroi Gt 27199 RAGHY sfm‘_?s"{?f REANL

epoxy resin conposition used for sealing conprises, as essentia
conpondhimdityfor aiplsast 48y mftes prentieninentdest piean i meadgalior bufriihg eest,awhich

curin I I e.resin.c osition fyrther conprise, .if .
neces gaf?gg‘% %Sliltcl)\g P 5a2;§2 i t\%% éesé’utgggg%cug?’?sa% %H ivsgicalend small %4e; highg
agent (kug flameais wpplied\eXther bokeht BEtHeCspedilen @t M08 I RUEGhétd walidiawny &nd - 9

silicone oil (f)r " .
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 (7.5x7.5mmn, 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-




rubber), and the like. In producing the present epoxy resin conposition for
sealing as a nolding material, an epoxtb3 resin, a curing agent, a curing
accelerator, a filler and other additites are m xed sufficiently and

uni f or i ng . I Xer. -the |ike: .then Lxture.is nmelt . .knead

st ng. et Sepfhifh, Rebhiclcrdobd) Bt bl Frfhalft bfin Selfiot oS RI EDy  o
and gr oaiflthe SnBstrate-Hiold) compaindakii  Widlp theed tiipH &slobaih dides gk mders:eaikiﬂ?,
coating, insulation, etc. of electronic parts or electric parts Accordi ng
to the Psesent invention, there can be obtained an environmental friendly
resin conposition having high thermal conductivity, high flame retardancy,
| ow t heThaitabletsam slsomadgngtollemDils (d bipie Dablslntipe Packagespackagehfor $ITSL test

DESCRI PTI JSF PREFERRED ENMBODL MENTS The present invention.is.herejnafter
dosor | b X5 Ce (AL ATHT GycHlh eotares 2 e 1oh g, dipedine. LA ANBT o
each coppapeat raisRshck NaffQ@ RN AL NGpicallP a£l.8Q0YDWRI ProlofA¥Pbsurd thhdigh
foll ow ng conponents of the foll ow ng proportions are m Xxed at room

t enper atempsrajgien dreeaions xgreseat biishin athe r esichpsuband | materald egpesiglly bromide aand a

poi nt - _eBEn e col R VA e oo H i e o s sample RyRoeliveid REIHCR4 e
epoxy I RaddtodHghe? ¢ledRAL reSistahed) Mhedrebiilis aré SGfréREd PPavRhgilife87C, hydr oxyl
group equivalent: 210 g/eq) Silica coated Alumnum N tride (SCAN) filler*

Fused sirhd g HIPs!aE ail6 WEREMEhE POTRB "Phd JRAges Tid bFetUB!sbRng 6Mitiof2 T bON
bl ack Rebeg@i ng Sagezrllt 14.8 parts by '\r/‘\r/gkllgll:‘[utc g/e(g% pa?etcs by Swei Sgt o

of 125°C and 100% relative humidity (RH) for extended period of time. 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 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 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
Burn 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.



0.0 parts by weight 0.2 part by weight 0.6 part by weight 0.3 part by
weight 0.5 part by weight * According to Knudsen and Howard [the extent of
reaction of SCAN hydrolysis controlletlto be in stipulated linmits
according to the two tests as foll owed: Boiling Water Test (20hrs, 100deg O
NH3 ( ppfrPmpagatiyekxampleadny (wit hout coating) >100,000 9 Silica coated AN

( SCAN) <150 Pressure Cooker Test (20hrs, 120deg C)NH3 Standard AIN (w t hout
coat i ngfsaliscoswd gboye addisanal EPAKNIYSTCAMNNRISIHOE 98¢ Qompaurdsdt kagedrpny regipes
conpared.. | gy . IS:.SU [ 100m
of e + Syl e eeldt pARgUBEES i R S allg TooR Eflpat B2 SRFRIS Db 2ot 4
g of poTH&E dppxy Rl &@dmposidond aefsubfeciednioziBiel sumk girodediired GilGiH I Exanipld 40eg C.
the extent, of hydrolysis is nmeasured by analyzing the amoni a_content of

t he wat eptaigmeldingymategalssTestaesulty forythessgneldingripeenials svere phigined dn thegwame

f ' - It Lab tories, i
01 1 ho Hagrerf T EAnp e O R T T par at o, then mbld i nto

test piece with size at 125mm x 13nmm x 3. 2mm t hi ckness. The nol ded t est
piece is then put into a chanber with tenperature control at 23+/-2 C and

5@)+/-5_Cr<il tive humdity for at [east 48hrs. After pre-treatment test
i ece | TaE A OMBATIN G CHEmPIES o1 BT PoUnERIGH 6 hSTRPBISEY OGS PUHAE ( oot
the specinens are clanped vertically A spnll 3/a in high blue flane s
appliefd to the bottom of the &PFnen for 105w Examplehen wit hdr awn, |and
COMPOSITIONS: 1 2 3 CEl | CE2 | CE3 | CE4 | CE5 | CE6 | CE7
Aluminum nitride filler 70 0 18 68 0 16 68 70 |70 70
Fused silica filler 0 83 62 0 80 64 0 0 0 o
Naphthalene epoxy resin (I1) 13.6 6.6 9.1 142 | 88 |88 | 136 16 14.2
Biphenyl epoxy resin (I} 13.6
Naphalene resin curing agent (V) 14.8 88 9.3 162 |95 |96 | 148 | 148
Phenol Novolac resin curing agent 124
(111)
Paraxylene-modified phenolic resin 14.2
curing agent (IV)
Triphenylphosphine (TPP) 02 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 03 0.3 0.3 0.3 0.3 0.3 03 0.3
Releasing agent (waxes, efc) 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 09 1.0 14 |08 1.0 1.4 1.5 1.5 1.5
UL-94 / 3.2mm (V-0/V-1) V-0 V-0 V-0 V-1 (V-1 (V-1 | V-0 { V-1 [ V-1 | V-1
Soldering  crack test (QFP- | 0/6 0/6 0/6 o/6 |06 [Of6 | 1/6 |0/6 |0/6 |06
100L/Pl/n=6)
Delamination check (QFP- | 0/6 0/6 0/6 176 | 0/6 | 0/6 176 | 0/6 |0/6 | 0/6
100LPV/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™ | 800 300 800 700 | 800 | 800 | 700 { 800 | 800 | 800
failure)

* : the ratio of Aluminum nitride filler in % by weight to total filler content (FC) in % by weight




reapplied for an additional 10 sec; the duration of flamng and glowing is
noted as soon as the specinen has extinguished. A |layer of cotton is

pl aced beneath the specinmen to determbltie whether dripping materials wll
ignite it during the test period. Five test pieces are needed for every
sanple. If the total flamng time of five test pieces is |less than 50
seconds, the epoxy resin conposition is consigfred to pass UL-94 test and

is classified as V-0. On the other hand, if tgptal flamng tinme is nore
than 50 seconds, the sanple is considered to fafjl UL-94 test and is
classified as V-1 and V-2. The materials are cfassified V-2, the |east
stringent classification, or V-1 or V-0, whicﬂaare the npst stringent

classification for the test. ble 1 bel ow sunpgrizes the requirenents for
each classification. Perfor ce testing, at~Ehe package |evel, begins
with pellet preparation into ri ous sizes. endi ng on test purposes, it

can be nolded into 14x20mMm d>E¥at-Package (&FP) with 100 external | eads
on a Copper |ead frame at a tenpe ure of 1758, 80- 120kgf/cm and 60-
120sec. Subsequently the packages h chip i t (7.5x7.5nrn, polyimde
(P1) coated) are exposed totﬁg nospher e of C/ 60% RH for 120hrs.
Thereafter the packages are £gn t hrough a vqsying tenperature profile
according to the JEDEC stand with peak tenpgrature 255C in an infrared
(IR) oven. Thereafter, crack%f%resent at the Sgyfaces of the devices are
observed using a m croscope. addition, the gackages are al so scanned
using CSAM (C 10 node ScannKEg Acoustic M croggope) for del am nated
interfaces with focus on the chip top and theZsubstrate-nold conpound
(iii) with these chips to obtgin devices for sg der cracking test. The
tabl ets are al so nade DI PS (1& pin -Inline Packages) packages
for HTSL test at 1508 Wi ch cHlcuit resi stance are exam ned for

val ues exceeding 1.0 (val x<trical res®stance after nmold is
typically <0.8n. During pr|ol gExposure to hi tenperature, free ions
present wthin the encapsyl a erial, especgally brom de and antinony
can corrode the gold ggty/ae.. ¢ m-f or exd&ble Kirkendall void which in
turn

ol

\

Wherein R; to Rg is independently an
atom, a halogen and an alkyl group

Formula (I)



| eads to higher electrical resistance). The results are expressed by
average life. The 16p DIPs are also used in the PCT test. The packages are
subj ected to soaking conditions of 12bC and 100%rel ative hum dity (RH)
for extended period of time. 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 measurenment of the epoxy resin conposition, it & first nade
into tablets and then into the cylindrical blocks with di angter 40mm by
hei ght 255mm at the tenperature of 175C, 150kgf/cn?2 and 300smc using a | ow
pressure transfer nolding machine. Table 1 :Summary of UL 94<Verti cal
Burning Test for Classification Materigls V-0, V-1, V-2 O

CriteriaC assification V-2V-1V-0 Nu of speci nens555 Nu of

I gnitions222 Maxinumflam ng tine pe% %peci men per flame appfd cati on 303010
(sec) Total flamng tine, five specinEnsy\ 2 ignitions (sec) 25050 Fl am ng

drips ignite cottonYesNoNo Maxi mum af tjerf | time, per specifgn (sec) 606030
Burn to hol di ng cl anpNoNo anpl es 1-3 EpeXy resin conpos ons are
conpounded according to re es of trﬁi ention shown in le 2, and
subjected to the sane proc gs as iy Exanple 1 to obtain n®l ding
materials. Test results fon these e y resin conpositionstﬁere obt ai ned
in the sane mainmer as in anpl 1. e results are shown rmg Table 2. 11
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As di scussed above additional epoxy resin conpositions are conpounded based
on recipes outside the region defined above in Figure 1 and | abel ed
conparative exanples in Table 2. ThesE‘epoxy resin compositions are

subj ected to the sane procedures as in Exanple 1 to obtain nolding

materials. Test results for these noldi materials were obtained in the

sane nmanner as in Exanple 1. The resul are shown in Table 2. Table 2:

Conpari son of exanples on clainmed boundgfies w.r.t. conparative ones

out si de Exanpl esConpar ati ve Exanpl es OSI T1 ONS: 123CE1CE2CE3CE4CES5CE6CEY

Alum numnitride fiIIer7001868016687070g9 Fused silica filler08362080640000
. 28. 88.813.61614. 2 Bi phenyl epoxy

resin (1)13.6 Napha g agght (V) 14.88.89.316.29.59.614.814.8
Phenol Novol ac resi v y 2.4 1) Paraxyl ene-nodified phenolic
resin 14.2 curing agent (I'W ) enylﬁﬁbsphine
(TPP)O.20.20.20.20.20.20.20.Aﬂ (. 2 Si | gne coupling

agent 0. 60. 60. 60. 60. 60. 60. 60,60,60. 6 Carggn

bl ack0. 30. 30. 30. 30. 30. 30430. 30{30. 3 Rel gaskHhg agent (waxes,

et ¢) 0. 50. 50. 50. 50. 50. 50. 30. 50. $0. 5 Ant rgmn¥® t ri oxi de0000000. 6000 Br om nat ed
epoxy resi n0000001. 4000 Alumingmnitridgl fEler :

FC*l.OO0.000.231.000.000.201.2@1.001.0@3(3 PROPERTI ES

Napht hal ene epoxy rgg 6\ 69. 11
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Thermal conductivity (WnK)1.50.91.01.40.81.01.41.51.51.5 UL-94 / 3.2mm
(V-ON-1) V-0V-0V-0V-1V-1V-1V-0V-1V-1V-1 §§O| dering crack test (QFP-

0/ 60160/ 60/ 60/ 60/ 61/ 60/ 60/ 60/ 6 100L/ P} 6) Del am nation check (QFP-

0/ 60/ 60/ 61/ 60/ 60/ 61/ 60/ 60/ 60/ 6 100LPI/ n=6) HTSL at 150C (hr to 1
failure)100010001000100 100 100 100 100 100 100 0000000 PCT at 125C/ 1009%:H
(hr to 1' 800800800700800800700800800800 failure) * : the ratio of Al um num

nitride filler in %by weight to total filler conte;rt (FCO in % by weight
12 Oc3 13 N V II

O’H

n

I

(‘)H
@ [CHZ_ cm@} CHzm@_CHzJ@

Wherein # is an integer of 0-5 and
n=0 (7%), n=1 (25%), n=2 (38%), n=3 (14%), n=4 (12%) and n=5 (4%
Result from GPC: Gel Permeation Chromatography

Formula (IV)
OH




Cd 14z CO E Oo0 15 16 Fornula (V) OH R R Werein R is independently an
atom or group selected from hydrogen atom a hal ogen and an al kyl group
17 What we claimis: 1. A seniconductol® device sealed with a resin
conposition which contains as a flame retardant a material conprising
alumniumnitride. 2. A sem conductor device as clainmed in claim1 in which
the fl amymlﬁmhses alumniumnitride treated to inhibit
hydr ol ysi & “3* déictor device as clained in claiml or claim2 in
which the resin is an

R R
R@ﬁOR
OH |
R R R
R
OH R R R
R
R“\-._
TOOL
OH | R
R R

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

group




epoxy resin. 4. A sem conductor device as clainmed in claim3 in which the
epoxy resin is selected fromthe grouP consi sting of naphthal ene type
resins, phenol novol ac resins, cresol hovol ac resins, copol ymers bet ween
dicyclogﬁg i ene .nodi fied phenolic resins and phenol novol ac resins
and/ or % c%@@éggc resins, biphenyl type epoxy resins, tri- or

mul ti-functional type epoxy resins and/or paraxyl ene-nodified phenolic

resins. 15. A semico@ut%}% .g:e\éiaged as,clainmed in clai r’r]_lS in which t resin
is a bi phenyf* THEMAF Hof Sealyd B Fesht SURRQSHPIYIICE onfaLns 35 a ein
Rl to R8, Wwhietdidd¥ rhfcridlRompABing Aluntthfuhfhi@ile. are each an atomor group
sel ected fromthe group consisting of hydrogen atom and al kyl groups or a
napht hal ene tetra-functional type represented by formula (I11). 6. A

sem congluct op @aNédrAuadr 8t R 1hithel liRLRIM 110 WIREIE thelfnd %?dfﬂladt %ﬂ Fises
as erelrn

napht hal ene tetra-functional type presented by formula (
descri bed. 7aluminiumi niuidgdrsaisd telmhitgehygolysiai med i n any one of the preceding
claims in which an epoxy resin is used and as a curing agent a resin
curing agent selected fromthe group consisting of naphthal ene type resin
curing agent A sghecwmiductot ypeice asiclrimed imglaigehor aldim 2 in whivhatheylesineis an

nodi fied (para-xyl ene glycol dinethyl ether) phenolic resin curing agent.
8. A seni conth&¥dF"evi ce as claimed claim 7 wherein the curing agent is
selected from a phenolic resin curing agent represented by formula (I11)
as herejhn descri hed;. a ﬁar.axyl eE‘:‘a- npdi fi ed phenolic resin curing agent
repr eseht ed BySePBrqndRetor deniceas glapraed, i glaimy 3y which thé §PeXYnEESHY Wavelektedr esi n
curing agent £or ' ' A

sem conduct ofrr&glgﬂii/li@csgg&%@g%#ﬁukgw r?ﬁléﬁqlg?%@m%? P l%ﬁglc%‘fbﬁ%gregﬁlg’ngref%l a
resin curi ngvadpenesingprops bmees] bétyvetm dinyklopthtadibne Modefied qiedelid essirdeandce as

claimed in a ope of1 cl ai ns to 9 wherein the .e]tl)ox } .
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.

5. A semiconductor device as claimed in claim 3 in which the resin is a biphenyl (aralkyl
modified) type represented by formula (I) wherein R; to Rg, 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).

6. A semiconductor device as claimed in claim 5 in which the resin is the naphthalene

tetra-functional type presented by formula (II) as herein described.

7. A semiconductor device 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. A semiconductor device as claimed claim 7 wherein the curing agent is selected from
a phenolic resin curing agent represented by formula (III) as herein described; a

paraxylene-modified phenolic resin curing agent represented by formula (IV) as herein



resin is used in an anount of fromO0.8 to 1.3 tines the epoxy equival ents
per hydroxyl group equivalent of said resin curing agent. 11. A
sem conductor device as clainmed in anylgbne of the preceding clains wherein
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claimed i n adescibead.of the preceding clainms in which the flane retardant
material is particles of alumnumnitride together with silica having a
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claimed in claim12 wherein the filler particle size distribution lies
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and D10=2- Bum D50=1 5-25um D90=40-55um for pure alum num nitride, where
DXX ref th.s t& stmemdoctondeyx@mbylameed)in aaond obrlaihe 3ctordwdietene the epdxyr

particle size di.strijution. 14, S 'coi;g ctor, device containin S
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of the formit@up bquitileMRMsNidrESh Bulthy Adddt. agent  of the formula V, a mxture
of inorganic alumnumnitride filler and silica oxide fillers, curing
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precedi ng cl aj.ns men the al u&r%num nitride is coated with silica in

accor dance wi'tff TAYMBHNAYS i bed by Knudsen and Howard in their
article referred to herein. 16. A seniconductor_ device as clained in claim
15 i n wht-ch friemisonductior deyiesiasnslaimadum anyonernd the preseding claims in which the
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maximum size not exceeding 150 microns.

13. A semiconductor device as claimed in claim 12 wherein the filler particle size
distribution lies between that of DI10=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.

14, 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 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 (as herein described).

15. A semiconductor device claimed in any one of the preceding claims when the
aluminum nitride is coated with silica in accordance with the method described by

Knudsen and Howard in their article referred to herein.

16. A semiconductor device as 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

Silica coated AIN (SCAN) <150




Pressure Cooker Test (20hrs, 120deg O N (ppnm) Standard AIN (w t hout
coating)>80,000 Silica coated AIN (SCAN)<2,500 17. A sem conductor device
as clainmed in any one of the preceding%lainms wherein a curing accel erator
IS present,in a aUJEt of .from0.05 to | % by wei ght base n the total
resin conpoerticonish  SShhr it 388t n conposi ti on used for ng

sem conduc}t or. devj.ces, conprising an epoxy resin, a resin curing agent, a
filler mat¥gndgrd émwt@%ﬁoﬁl%h numnitride as a flanme ret8Pant

optionally together with silica oxide and a curing accelerator. 19. An
epoxy r esidlicaneptedi AINISCENX| ai med in claim 18 in which th@.¥¥ounts of
alumnum nitride and silica in relation to the total resin content and the
anmount Dbf al Andemicondnctor iddeice ras roddined dn any drieeoft the ghrededinge clamos wvhiatein &

sel ected so that the resi.n conposition efs t U Wat er Laboratory
(USh) T equn rSHBBACFIFTapr (S PIESTRas ok 2gRuntral A0 5 By 0 By VeI e (o ¢
t he addi ti one@fl r@NEcdfindRigs. conventional flanme retardants. 20. An epoxy
resin conmposition as clainmed in claim18 or 19 in which the al um nium
nitrideygartjel e M I} 21 resin I tion as
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the group cofwixgtredig, Dtesimnphidpedgene at fihe mastiflscomPiRing aliRutind@itride as as,
cresol novol ac resins, caqpolyners between dicycl opent adi ene nodi fi ed
phenol i ¢ r esil#8e EIdHH OREPnaly ogather vath silkic ondet @BHE ageslRtE. r esi ns,

bi phenyl type epoxy resins, tri- or nulti-functional type epoxy resins
and/ or ¥ar ax4h epexynissinicoagosiipe abtlpinedds iclagm 182n ahichpbg pmowsts of glunpoent i on

as clainmed i y..ong.-of . t recedi lainms 18 to i_n igh the resin
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selected fromthe group consisting of hydrogen atom and al kyl %201{?5 or a
e

meets the Under Water Laboratory (USA) requirement for V-0 in -94
flammability test, optionally with the addition of one or more conventional flame
retardants.

20.  An epoxy resin composition as claimed in claim 18 or 19 in which the aluminium

nitride particles are coated with silica.

21.  An epoxy resin composition 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
€poxy resins, tri- or multi-functional type epoxy resins and/or paraxylene-modified

phenolic resins.

22 An epoxy resin composition 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 (1)
wherein R to Rz, 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).

23.  An epoxy resin composition as claimed in any one of the preceding claims 18 to 22 in
which the resin is the naphthalene tetra-functional type represented by formula (II) as

herein described.



napht hal ene tetra-functional type represented by formula (11). 23. An epoxy
resin conposition as clainmed in any one of the preceding clains 18 to 22 in
which the resin is the naphthal ene tetdla-functional type represented by
f or mul I1),as herejin described. 20 . 24. An epoxy resjin conmposition as

cl ai med?T'n aftf) “BRY BFIHNERFUCE A ARIRrhinAny rge o) tepreeeding RmhES 0 g
agent is a rgfich thé'Cliith 806RGs 28tELaGhd HOM kOE1ed Bt ﬁfen%‘rgﬁlls oBfkiQing of

napht hal ene type resin curing agent, phenolic type resin ng agent and
[ or para- xyhaphthahamditfpe desip anrng gtentephghyloo kypei nesin hoplring tagent) angh An gare:

[ [ t. .25, A [ itipon as clainmed in any one of
Lhe. pr eced: g Eramadificd G Shiens el dmePrEetEen phgpols afs peigedef ot 1 om a

phenolic resin curing agent represented by fornula (I111) as herein
descri bed; a,paraxyl ene-nodified phenolic resin _curing agent. represented
by fornti-a (ﬁB/)eP%f Wéﬁnéaomp&é@e}liaﬁégna?fblnaﬁna@aﬁpﬁ&reaﬁecm Haigs 1&g Hgant
r epr esent ed : éﬂ:‘l'ﬂ? ' cry '
conposition g}sﬁc%lqgl me é%@egﬁ% %ﬁeré;?ég][‘ﬁ t Z‘%Hre;e)lgg%lr%gj %‘ﬁg}gﬁ@%??{pg&kz@[eﬁ r? y
whi ch t he cuformglaa@dnbs hereim desstibed; arpangxydgenhodifipd phemiliedediy cuginguagentV.

27. An epoxy resin oSiti as_clained.jn any one of the preceding
claims 18 t FPESTHed ﬁhn?%rﬂl"ﬁm@%ﬁwr%ggsanﬁgd naphthalencisaiRcUERE BB 0. 8

to 1.3 ti nesrebggerﬁ&pgyforﬁq}gMlagﬁgl%irp&rscgﬂyéa( oxyl group equivalent of said
resin curing agent. 2Z8. An epoxy resin conposition as clained in any one of

the preged nﬂn%é@%ﬁ%siﬁ%aﬁ%oﬁﬁﬁh Pﬁ gfgﬁhtg"ﬂnlt Cg,ofnla%?ﬁler]ﬁfxraelrdn (élaiﬁlﬁnﬁljo Sin

al um numni tri oget her "wt crysta I'T'1I"ca and/ or
al um num oxiwhich 8= cubingeigentyis a eSimcwemgRgsittremoseateddyabrmaalaivn any one of the
preceding clains 18 to 28 in which the flanme retardant material is

particlEs OfAﬁlegmyntéBﬂanoh{ﬁoéiﬁoﬁ Qg elalifdd i dn ok lof BR pro@Minpdcl@in¥ers (LB il Ze
not exceeding 150 microns. 30. An epoxy resin conposition as clainmed in any
one of the pVeicbdhagpexwniresin 18 used apan amaynt of frame 6.8 (tp k.3 pimas ieeepsixye

di stributi Onec.fu&v%?en?s%e%?ﬁm&?ﬁém% e&]i\())é_lént%}“gaig‘rje@in Qgpn?gla%ént.
28.  An epoxy resin composition as claimed in any one of the preceding claims 18 to 27 in
which the flame retardant comprises aluminum nitride together with fused silica,

crystalline silica and/or aluminum oxide.

29.  An epoxy resin composition as claimed in any one of the preceding claims 18 to 28 in
which the flame retardant material is particles of aluminum nitride together with silica

having a maximum size not exceeding 150 microns.

30.  Anepoxy resin composition as claimed in any one of the preceding claims 18 to 29 in
which the filler particle size distribution lies between that of D10=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.

31.  An epoxy resin composition as claimed in any one of the preceding claims 18 to 30
wherein the amount of fillers is between the following straight lines AB-BC-CD-DA

drawn on a graph as shown in Figure 1 (as herein described).

32. An epoxy resin composition as claimed in any one of the preceding claims 18 to 31 in
which the aluminum nitride is coated with silica in accordance with the method

described by Knudsen and Howard in their article referred to herein.



2CGum DO0=70-80um for pure silica, and D10=2- Bum D50=15-25um D90=40-55um
for pure alum numnitride, where DXX refers to dianmeter at XX% by wei ght
based on the cunulative filler parti dle size distribution. 31. An epoxy
resin c OShili I n ofth HECS I 115, 1.8 4,030
wher ei ng?ﬁe }ébmg&fmfs fh C%Hﬁ%glsmﬁag lejie eln eFS Ic?v@rgceragrl | thjllor‘??sm

AB- BC- CD- DA wHichwire ﬁhcaﬁccﬁteﬁ[ﬂhnﬂﬁnuﬁi’ma foll5ivingl 1enils éﬂg’dhﬂﬁﬁﬁ:n descri bed).
32. An epoxy resin conposition as clainmed in any one of the preceding
claims 18 to 31 in which the alumnumnitride is coated with silica in
accordance vvith the nethod described by Knudsen and Howard in their

article r n epoxy resin conpositi clainmed in
any one o ol THEH G0fs, 19 “t0 32 in which the sil |%

al um num Ras it h lowing lLimts of hydrolysis: Boiling est

(20hrs, log'ga@daae‘ﬂﬁ)bﬁ%oué?%%wg}d AN (wi thout coating) >10§qg§80§| l'ica
coated Al <1 ure Cooker Test (20hrs,12Cdeg QN (ppm

St andar d g'ﬁ? %Hé’ag’@ ﬁ}?)ng) >80, 000 Silica coated AN ( RI)<2 500 34. An
epoxy resin corrpOS|t| on as cl alraed in any one of the preceding clains 18 to

33 in whié atdddegL)oresent in an anount & {EM®HM 0.05 to 1%
by wei ght based on the total resin conposition.
Standard AIN (without coating) >80,000
Silica coated AIN (SCAN) <2,500
34. An epoxy resin composition 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.





