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invention relates to an epoxy resin conpound used for sealing of 005
sem conductor devices, which consists of well dispersed raw materials,
especially fine filler, and consequentlyqprovides an excellent flowability
epoxy resin conpound. 10 BACKGROUND OF THE | NVENTI ON El ectronic parts such

as diodes, transistors, inte@®ERORY RESINIGOMPOSIHISGN || ke have typically
been sealed with a thernosetting resin. In integrated circuits,

t hernosetting resins have been used. In particular, an epoxy resin obtained

by 15 curi ng1g_rb@plpggﬁlm1é@iol ac epoxy resin or di-cyclopentadi ene type

with a novolac type sin was found to have excel |l ent heat and

noi sture resistance. However epoxy resins cannot act as encapsul ants al one
due to tpeir high coefficient of thernal expansion (CTE) and |ow thernal
conductivity. 2bNgeRIpsenthmvention trelates teuam qunmsgarﬁompoundgfﬁewoon ng
agent, str ral i.ef el er. r.angd etc are e ed w epoxy
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and surface: nounted have been gradually switched fromDIP 25 (Dual Inline
Package) to '\t'tyterﬁ’ioﬁyfr?%lf‘ CORMIMES such as SOP (Smal | Qutline Package),
SQJ (Small Qutline J-leads), PLCC (Plastic Leaded Chip Carrier) and the

i ke. Thus, large chips are sealed in a small thin package. This, however,

pr oduce$0 prBACKEBROUND OF JEEECINVENTION cracks caused by stress, reduction
in noi sture resistance caused by said cracks, and the like. 30 In the
sol dering step, in particular, the package is suddenly exposed to high

Separ a1 on of sealrigrne date Buct A IcheY, bRy et RS IRt ur e
resi st ance.like have typically been sealed with a thermosetting resin. In integrated circuits,
thermosetting resins have been used. In particular, an epoxy resin obtained by

15 curing an ortho-cresol novolac epoxy resin or di-cyclo-pentadiene type with a
novolac type phenolic resin was found to have excellent heat and moisture
resistance.

However epoxy resins cannot act as encapsulants alone due to their
high coefficient of thermal expansion (CTE) and low thermal conductivity.

20 Many other additives, such as inorganic filler, coloring agent, stress-relief agent,
accelerator and etc are employed with epoxy resin to enhance the performance
of epoxy resin compounds.

In recent years, with higher integration of integrated circuits, chips have
becomes larger and surface-mounted have been gradually switched from DIP

25 (Dual Inline Package) to small thin flat packages such as SOP (Small Outline
Package), SOJ (Small Outline J-leads), PLCC (Plastic Leaded Chip Carrier)
and the like. Thus, large chips are sealed in a small thin package. This,
however, produces problems such as generation of cracks caused by stréss,
reduction in moisture resistance caused by said cracks, and the like.

30 In the soldering step, in particular, the package is suddenly exposed fo
high temperature of 200 °C or above, which invites cracking of the package or
separation of sealing resin from chips, which causes reduction in moisture
resistance.




13 OCT 2005 2 Fillers are enployed in epoxy resins for many reasons. The
mai n functions of filler are to control the viscosity, and reduce thb3dmﬂqm5
shrinkage and coefficient of thermal expansion. In addition. by increasing
the filler content in a conmpound, |ower,water absorption of epoxy resin can
be achieved. This 5 will greatly enhance the noisture resistance of the
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of the total resIHNe EXAMPIRS &fPHiggarhare:as fAllBWi50 pm The conpositi on
di sclosggl did nqjsi g 6,054,222 and 5,008,882 disclose an epoxy resin

composition comprising an epoxy resin, a curing agent, a cure accelerator, a
carbon black and a silica powder. In US Patent 6,054,222, the silica powder
composed of three groups of silica powder differing in particle diameter ranging
from 5 to 75 pm, 0.2 to 0.9 um and 0.01 to 0.08 pm and the mixing ratios based
20 on the total of silica powder is 50-90% 10-35% and 0.1-5% by weight
respectively. The composition disclosed did not include the use of crystalline
filler and this could result in poor reliability due to weaker flexural strength of
using purély fused silica powder alone.
In US Patent 5,908,882, the silica powder has an average particle
25 diameter of not more than 30 um, 5-30% and 15-45% by weight of silica having
an average particle diameter of not more than 7 um and 5 um respectively in
the total resin content and the maximum particle diameter of the total resin
content of not more than 150 um. The composition disclosed did not include
the ratio of crystalline/fused filler. Furthermore, the disclosed composition of
30 maximum particle diameter of the total resin content of not more than 150 pm
~ could result in poor flowability and moldability.
US Patent 6,005,030 discloses an epoxy resin composition comprising

an epoxy resin, a curing agent and inorganic filler, wherein the inorganic filler




the ratio of crystalline/fused filler. Furthernore, the discl osed
conposi tion of 30 maxi mum particle diameter of the total resin conteh} 067 2005

not nore than 150 m could result in poor flowabiliity, and noldability. US
Pat ent 6, 005, 030 di scl oses an epoxy resif conposition conprising an epoxy
resin, a curing agent and inorganic fill®r, wherein the inorganic filler | |
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SUMMARY OF THE INVENTION

15
The objective of this invention is to provide an epoxy resin composition,
which, through the use of a mixture of crystalline and fused fillers, can achieve
good moldability and reliability, especially when encapsulating a large, and high
pin-count |IC package. _
20 According to the present invention, there is provided an epoxy resin
composition comprising:
(A)  anepoxy resin;
~(B) a phenolic novolac curing agent;
(C) an inorganic filler, of mixed crystalline and fused type, with an amount of
25 70 to 90% by weight based on the total resin composition; and-

(D) a curing accelerator
Suitably the weight percentages of the components of the total resin
composition fall within the following ranges:
(A) 6%to20%
30 (B) 3%to12%
(C) 70% to 90%
(D) 0.05%to 0.8%
and the ratio of (A) to (B) is between 1.2 and 2.5.



25 70 to 90% by wei ght based on the total resin conposition; and (D) a

addi ng accel erator Suitably the weight percentages of the conponents o 0CAe0ps
total resin conposition fall argue the follow ng ranges 30 (A)6% 020% (B)3%
W 12% (C) 70% W 90% (D) 0. 05% o0o0. 8% add I\/E4able of (A) to (B) is between 1,2
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Figure 1 shows a spiral flow mold die.
DETAILED DESCRIPTION OF THE INVENTION
15 A crystalline-filler based compound tends to give poor moldability,

especially when used to encapsulate large packages. During molding of a
crystalline-filler based compound, interaction and friction between the sharp
edges of the regular, geometricaily shaped filler render the flow of compound
difficult. At the same time, due to layers of inert liquid being trapped on the
20 uneven surface of the fillers, there is an effective increase in the filler
concentration, thereby making the flow difficult [1]. This will give the compound
poor flowability. Poor compound flowability in turn creates other moldability
problems such as voids, wire sweep and poor adheéion. At the same time,
crystalline-filler based compounds exert very high stress within the package
25 itself, thereby subjecting the package to high reliability failure. Measurement of_
the stress of a 100% by weight crystalline-filler compound will give a very high
value.
Fused filler, on the other hand, with its finer and wider particle size
distribution, provides less hindrance in compound flow and exeris lesser stress
30 on the package. To retain the benefits of high thermal conductivity and low cost
of crystalline filler, applicant’s have found fused filler can be added at a certain
percentage to a crystalline-filler compound to improve flowability and reliability.

In addition, a wide filler size distribution can be employed to enhance flowability



poor flowability. Poor conpound flowability in turn creates other 13 0CT 2005
nol dability problens such as voids, wire sweep and poor adhesion At the
same time, crystalline-filler based conpounds exert very high stress within
t he package 25 itself, thereby subjecti ng t he package to high reliability
failure. Measurenent of the stress of a“100% by weight crystalline-filler
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filler content has poor moldability, with internal and external void problem, and

poor package reliability, not even achieving Joint Electron Devices Engineering

Council (JEDEC) Moisture Sensitivity Level (MSL) 3, with a stress as high as

~3.8 or more. By replacing 25-75 % by weight of the crystalline filler with fused

20 filler, flowability improved significantly with spiral flow increasing by up to 1.5

times and better moldability achieved. At the same time, package reliability is

able to achieve up to JEDEC MSL 2A and stress falling to ~3.0. In one aspect

of the invention, epoxy resin with viscosity of 0.8 - 1.8poise ICl at 150 °C and

phenolic resin with viscosity of 1.5 — 3.0 poise ICI at 150 °C are used although

25 the preferred embodiment of the invention utilises epoxy resin with viscosity of
1.8poise ICI 150 °C and phenolic resin with viscosity of 1.5poise ICI at 150 °C.

Studies based on different ratios of crystallineffused silica filler shows

that longer spiral flow can be achieved with a mixture of crystalline and fused

inorganic silica fillers with a particle distribution of crystalline silica filler between

30 25 to 45 % by weight for particle size below 12 pm, between 55 to 75 % for

particle size between 12 to 90 um and below 3 % by weight for particle size

above 90 pm, and, particle distribution of fused silica filler between 25 to 45 %

by weight for particle size below 10 um, between 55 to 75 % by weight for

particle size between 10 to 100 um and below 3 % by weight for particle sizes



poor package reliability, not even achieving Joint Electron Devices
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internal cracking after MSL 2 were detected.

The earliest materials used for plastic packaging of microelectronic
devices were silicones, phenolics and bisphenol A (BPA) epoxies because of
their excellent molding characteristics. Silicones were used as molding

20 compounds because of their high-temperature performance and purity. - Poor
adhesion of silicons with the device and metallization resulted in device failure
in salt spray tests and flux penétrants during soldering. Although epoxy
materials offer much better adhesion than silicones, the common epoxides
such as BPA have a low glass transition temperature in the range of 100 fo

25 120°C, and high concentrations of corrosion agents such as chloride ions [2].

In the formulation for this application, ortho-cresol-novolac epoxy resins
displaced BPA materials because of their high epoxide functionality and
improvement in heat-distortion temperature. Mold compounds have moved
steadily toward all epoxy systems as the high temperature novolac materials

30 were improved and the hydrolyzable impurity levels were driven below 20ppm .
[2].

The binder system of a plastic encapsulant product consists of an epoxy

resin of cresol novolac type or di-cyclo-pentadiene type, hardener or curing



above 90 pm and, particle distribution of fused silica filler between bel ow
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phenol novolac is used to increase cure 5 speed. The glass transition
curing t enpRecgiqrator usashisi preferablt 087 topdLiddyrweight in the total epoxy resin

15 composition. In the preferred embodiment, 0.1 to 0.4% of triphenylphosphine
(TPP) by weight of the total epoxy resin of triphenylphosphine (TPP) is used.
The curing accelerator is preferably used in an amount of 0.1 to 0.4 %
by weight in the total epoxy resin composition. In an amount less than 0.1 % by
weight, hardness of the resulting molded product decreases and mold release
20 characteristics may tend to deteriorate. [n an amount more' than 0.4 % by
weight, the reaction can proceed 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,
25 various additives such as silane coupling agent, flame retardant (e.g.
brominated epoxy resin, antimony trioxide or hexabromobenzene, Phosphorus),
coloring agents (e.g. carbon black or red iron oxide), releasing agent (e.g.
natural wax or synthetic wax), stress- reducing additive (e.g. silicone oil or
rubber), and the like. In one embodiment of the invention, the epoxy resin
30 composition further includes carbon black. The carbon black may be present at
a level of 0.1% to 2% by weight, expressed as a weight percentage of the total
resin composition. ,
In producing the present epoxy resin composition for sealing as a

molding material, an epoxy resin, a curing agent, a curing accelerator, filler and
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product decreases and,no rel ease O characterjstics may tend to
det eri or at e.éx?rﬁ‘ 'a%ﬁn{oﬂﬁmr@ HRAMPIES, 265 Wt\ifertbrﬁq aghi® PENide dhosensf

proceed undggina! skill ﬁﬁﬁh@%ﬁ Withi Hichn éiadﬁsélesﬁs’l"ecéﬁ&%%tscriw&w R $o) §o EPOXY

resin conpositionh used tor sealing conprises, as essentlal components, an

epoxy resi nmakeand uge thgepreseahiniveotiganand &rd net interdtleal tockimit tige acopd ef at or .
The resin co ition may further, conprise, if necessary, 25 various

2ddi t1ves SHBRE D IBVPRRE Eesfist FythedaRvenianuher A& KPYARIEndEdqd Tep@osmhat

epoxy I ggi Nhadfifhé '&Biérih’fén%('b@%v@raréeéﬂagﬁ@@W%&ﬁ@ﬁmeﬁ@%@ﬁ@ﬁiﬂé%: EfSKE 1 ng

agents (e.g. carbon black or red iron oxide), releasing agent (e.g. natural
wax or synth@ig degaxmadst e nsure dcsunacyaddiht irespeat. 9. nuimbiecsnesed e.gr

rubber), an | i I e i of _the lnvention, the epo resin
50" conpos: (BRI 1 eiperduPea X Boh orthe s el it oh btk dRda s
present at stoul@\tr) adfoudtéd tfer.2%m e VEXAHpblese X ePSGEhtast adicahipdpenheent age
of the total resin conpgsition. In producing the present epoxy resin

conposi t i orHgest iNOMperIR i Parks By weidhit eri al , an epoxy resin, a curing
agent, gscuring accelerator, filler and 1 3 OCT 2005

EXAMPLES
Example 1
The following components of the following proportions are mixed at room

temperature in a mixer:

Parts by weight
Cresol novolac type of epoxy compound (softening point: 55 12.33
°C, epoxy equivalent: 196g/eq) represented by Formula |
Phenolic novolac curing agent (melting point: 75 °C, hydroxyl 6.20
equivalent =105g/eq) represented by Formula
Triphenylphosphine (TPP) . 0.18
Crystalline silica 38.44
Fused silica 38.44
Carbon Black 0.30
Others (quantity of in example 1 in Table 1 will vary) 3.70

CHZCE-ICHE CH2CHCH2 CI—I2C\]\Z—ICH2 (1)

I / | ] /
o © c _°© o ©
. | R | R i K
ys e
o e
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8 other additives are m xed sufficiently and uniformy using hot rolls, a
kneader or the like; and the kneaded product is cool ed and ground. TThérT 2003
nol ding material thus obtained can be used for sealing, coating,

i nsul ation, etc. of electronic parts or,electric parts. 5 The present

i nvention is hereinafter described speci ?i cally by way of Exanples. The

follow ng e : t Qy. vi de those of ordinar kill
n the art aen R Yot oy 86 a3 o difRH 1S Ao AREp LS <aleeted and
use the preBemtthergrenpicomsisting cirydnsgen atopmdeslogen btdthé dndeCs e0ps affyl What
the inventors regar:“g as their inyention nor are they intended to represent
10 that the9OPEr AR AL'S 3pdNGReRPEOAI0 and only experinents perforned.
Efforts have been nmade to ensure accuracy with respect to nunmbers used
(e.g. anountsggtenperatgge, etc)oput sone experinental errogs and

devi ations shoulpd be accqunted fprg In the Exanples, the anbunt of each

conponent u {n com di ng | rts by weight. 15 EXAMPLES Exanple 1 The.
foll owi ng co AR H ng proportions are mxed at nom
tenmperature ina m xex.~Parts.by i ght Cresol novol ac type of epoxy

conpound (softening point 5512 33 C, epoxy equi val ent 196gl eq) represented
by Formula | 6.20 Phenolic novolac curing agent (nelting point 75 C
hydr oxyl 5 equhetsir R isSndspeedgntiyen eéamtardgroypresieated ftam dydeogen atom, a

Tri phenyi PhosBRLASNG B AT orBba! Ahd'R i€ bh'i5R38: dfofiysed silicass. 44
The mixed powder was kneaded at 70 to 100 °C. using a bi-axial roll,
cooled and grbund to obtain a molding material.
Then, the epoxy resin composition was subjected to the following
10 evaluation tests:
(1) Spiral flow measurement
A certain amount of molding material sufficient to give a cull thickness of
3 + 0.3mm was weighed. A spiral flow mold die as shown in Figure 1 was
placed in the molding machine and was heated up to 175 °C. When the
15 temperature reached 175 °C, a measured amount of molding material was
poured into the transfer pot and pilunger was lowered. The molding pressure
used is 63kg/cm®. The material was molded for 120sec then the mold press
was opened, the spiral flow length (up to the lustrous tip) was measured after
the mold die was taken out from the molding machine.
20
(2) Stress measurement
Stress at T °C =~ (a1 . cenip)(T-TQ)E1+(0t2 - 0tonip)(Tg-175)Ez
Stress = 0 at 175 °C (Mold Temp.), ctenip =0.3*E-5,

25 where
aq - coefficient of thermal expansion of compound below the grass transition
temperature, Tg
aenip — coefficient of thermal expansion of IC chip, ~0.3E-5/ °C
E+ —flexural modulus of compdund measured at 25 °C

30 E - flexural modulus of compound measured at 240 °C



the grass t

Car bon Bl ack0, 30 O hers (quantity of in exanple | in Table I wll vary)3.70
(1) 20 9 wherein R which may be the sane or different, is an atom or gr@?p}
selected fromthe group consisting of hydrogen atom hal ogen atomns aJ1 005
to C4 alkyl groups; and n is an integer -10 (2) 5 wherein Ris

I ndependently an atom or group sel ected 1forom hydrogen atom a hal ogen and
an al kyl group; and n is an integer of 0-10. The m xed powder was kneaded at
70 to 100 C. using a bi-axial roll, cooled and ground to obtain a nolding
mat eri al . T@BriMeasiwrement pf cesffinieab opieirmiabexpa@sicrubj ected to the fol | owi ng

10 evaluation te Slra f | ow nmeasyr enent ertaln amount, of nol di ng
material suffici ih? 'ﬁ‘&a%“@ema &l IW?%’B?ﬁ%s@ Q)ftaé? S ANiningR INQlseghide A
spiral flo e r e h I chi ne
and vas hoas 2oy s Cof SIS 1S Tha IBickndeS 3 BirAf°tsinh, 237 0R! Hafige?™

measur ed5arrmmdingfmadmljengThmtspecMewmwer@mwa:témﬁ@ tésting barthkeThgratal and

pl unger was,] owered, ,The nol din ressure used s, 63kgl cnR2. The_materi al
hes ol deq MsehanieL ahaRear that HeRisrcibe oliss TApeifen, (eIREraFeaT Of o
length (up # édl#fléléﬁt%rcﬂ‘fﬁeﬁ'ﬁdl)expgﬁsgﬁqﬁélﬁ\ﬁ%nﬁfétﬁfve e ol d die was taken
out fromthe maki ng machi ne t ress neasurene Stress at T C s,
(ar-am (T-Tg) El+(as - anp)(Tg-176)E2 Stress 0O at 175 C (Mol d Tenp.), anp

=0. 3" E-5. Zfﬁﬁ@q:eéﬁgfaIfnentoPﬁexuraI‘ r’%%upf thermal expansi on of conpound bel ow

10 The molding material was made into tablets and molded into specimens
of dimensions :
Length : minimum 60mm
Width : 10+0.5mm
Thickness : 4+0.2mm
15 The specimens were then subjected to testing by the Tensilon machine at 20 to
25 °C which measured the Flexural strength and Flexural modulus of the
compound where:
Flexural strength : the ability of a material to withstand bending forces applied
perpendicular fo its longitudinal axis with simply supported
20 ends may be defined as
Flexural strength = 3*Lv*P
2*W*H?
Lv = span of support (mm)
W = width of test specimen (mm)
25 P =Load applied to fracture test specimen (kgf)
H = Height of test specimen (mm)
Flexural modulus : a measure of the stiffness of the material during the first or
| initial part of the bending process [3].

30 (5) Moldability
The molding material was made into cylindrical tablets of diameter
40mm by 28.60g before it was molded into 100L Quad-Flat-Packages (QFP),
14mmx20mmx2.7mm, encapsulating chips of size 7.5 mm x 7.5 mm under the
conditions of 175 °C, 100kg/cm? and 120 seconds, using a low pressure



tenperature, Tg a,hm- coefficient of thermal expansion of IC chip, -0.3E-5(
C Er - flexural nodulus of conmpound neasured at 25 C 30 E2 -flexuraf

nodul us of conpound neasured at 240 C 13 OCT 7005 10 (3) Measurenent %PCTZBUS
coefficient of thermal expansion The rml1d‘i ng material was made into tablets
and then nolded into specinens of dianeter 152mm thickness 3-5mm using a

75ton trans | i Cl r bjected to sting
by the Ther e REaiRRRadRtR, The PRERESSTRRT WRLAGREATS i bietid
t enper at ur epbfag devides fdranokiabflityc cleadks imthis baserihternplons] extebell VoicRadd above
Tg. (4) Mea urenea@ of flexural nodulus 10 The nolding material was nade
into tabl etéorétr"l‘?is Ieﬂéﬂaqkrﬁeﬁ's%l@@itﬁﬁhs - of dinmensions : Length : mninum
60mm Wdt h. 100.5nm Thi ckness: 40.2mm 15 The speci nens were then subjected
to testing by the Tensilon machine at 20 to 25 C which neasured the
Fl exur al 5st (G fiptiderasrdciresistante teslul us of the conpound where: Flexura

' t hst and bendi ng forces applied

h: th lify.of ial to wi
et pon cul art arhe e Rydraroider Stagking Teshivera dlonee da Sa0danien may be
defined as &infogphre Sdfrﬁm/bozoﬁ) %Fﬂgi'h%ﬁf&ﬁ/ MBIS PR e in HBB&’dEnsqé%'? W

=wi dt h of test specinmen (nm = Load applied to fracture test eci nmen

(kgf) H = HePght (dint decispre cDevines niapgineering Council) standard. Then, the
devices were passed through the IR reflow oven of 260 °C as peak
10 temperature for 10 seconds three times. Thereafter, the cracks present at the |
surfaces of the devices were observed using a microscope. In addition, the
packages are also scanned using CSAM (C-mode Scanning Acoustic
Microscope) for delaminated interfaces. The result was expressed as the
number of cracked/delaminated devices/ total number. The test was repeated
15 for Moisture Sensitivity Level -2A testing where the devices were soaked in
conditions of 60 °C/60%RH for 120hours before passing through IR reflow oven
at 260 °C three times.
The results of the above-mentioned tests are shown in Table 1.

20 Example 2-6 and Comparative Example 1-3

According to the formulation shown in Table 1, the components were
blended and resin compositions were obtained and the tests were obtained in
the same manner as in Example 1. The test results obtained are shown in

25 Table 1. The results clearly showed that mixture of crystalline and fused
inorganic silica fillers within the defined range is critical in determining
moldability namely external and internal voids, and solder crack resistance in
terms of delamination on top die surface and internal cracks.

The mixture of crystalline and fused inorganic silica fillers ratio outside of

30 the defined range caused significantly poorer flowability which in turn caused
internal and external voids. This poor flowability behaviour also contributed to
weaker adhesion due to poorer wetting behaviour and it in turn caused

delamination on the top die surface and led to internal cracks.



Fl exural nodulus : a neasure of the stiffness of the mat initial part of

t he bendi ng process (3). during the or 30 (5) Mdldability The nol di ngB 0CT 2005
material was nade into cylindrical tablets of dianmeter 40mm by 28. 60g
before it was nol ded into 100L Quad- Fl aé-zPackages (QFP), 14mx20mMmx2. 7nmm
encapsul ating chips of size 7.5 mnmx 7 mm under the conditions of 175 C,

100kgt cnme and 128,Sf@0 o] 5 11 t -ansf er
nol di ng machi ne. h@%pgﬁ%gg@d;grgﬁ%%\%m ?ﬁ cﬁﬁsi@@ﬁ%rﬁ%%srggz Xgais SiEA ai n
devi ces f orfiliens dvthin ithy defieed, rangetdnds ratitdewetd a®ld1dd coRtbitX At Qhrivgd d and

for the sold crack, re5|stance test. 5 (6) Solder crack resistance test The
devi ces forSQHgaIRgG gaint (9"%1%9& 'WQ{O{E’@S?P% EesH BadeRriovisssaitaning paint phemokpher e

(I;}c eg?%ﬁogﬁgsi;rg;c@é n r| ng unm%)é&f%yt%}gr g?ﬁ%gh thag'd C#%VI cegc}&g{]t

passed tfHir aegistarioe drikeriaf | ow oven of 260 C as peak 10 tenperature for 10
seconds three tines, Thereafter, the cracks present at the surfaces of the
devi ces were observed using a m croscope In addition the packages are

al so scanned using CSAM g T%,gp lg@,{wcgm Meﬁ&%scope) for
esu

del am nated interfaces. was e esse nunber of
cracked/ del am nat ed devices! total nunber. The test was repeated 15 for

e Sensl L At i oA shoah S Py oS aRaseean oven
at blzgolﬂb ! Bﬁ%ﬁ%érgp i) rfaiﬁrr‘lecdrﬁ%) r{ggn@gvgtr@%b?éqﬁé& d?@nﬂwggtgggl &r\{gﬁét Bofififed pwn in
-f or mul at i orthe eanre imamre as In Bxemplenporide testeresults obtained are shown in
Table 1. The results again showed that a mixture of crystalline and fused
inorganic silica fillers within the defined range is critical in determining
moldability namely external and internal voids, and solder crack resistance in
15 terms of delamination on top die surface and internal cracks.
The above-mentioned examples were conducted with a variation of 2%
by weight of the total filler content. The mixture of crystalline and fused
inorganic silica fillers ratio outside of the defined range caused significantly
poorer flowability and adhesion, which in turn caused delamination on the top
20 die surface and lead to internal cracks. The phenomenon is same as for
Comparative Example 1-3.
On the other hand, mixtures of crystalline and fused inorganic silica
fillers ratio within the defined range are able to achieve acceptable moldability
and solder crack resistance criteria.
25

Example 9 and Comparative Example 6

According to the formulation shown in Table 1, the components were

blended and resin compositions were obtained and the tests were obtained in

30 the same manner as in Example 1. The test results obtained are shown in
Table 1. The resul‘ts'égain showed that a mixture of crystalline and fused
inorganic silica fillers within the defined range is critical in determining
moldability namely external and internal voids, and solder crack resistance in

terms of delamination on the top die surface and internal cracks.



bl ended and rosin conpositions were obtained and the tests were obtained in
the sanme manner as in Exanple 1. The test results obtained are shownﬂym 005
Table 1. The results clearly showed that m xture of crystalline and fuse
inorganic silica fillers within the definged range is critical in determ ning
nol dability nanely external and internal Vvoids, and sol der crack resistance

mxture of cryat T ac Srahpies re il ers i e Rl GRS uPtte o

m xture of crystalline and sed I norganic Si

30 the defi atthe totajdillencertbnt inithi Dicyelnpetadisrs mysif.] Thabhixturg ofttrgdiallinet ur n
caused interpal and external vaids. This poor. flowability behaviour also
contri but edSFQ?U%%QWQFQ%ﬁéﬁiP%X'ﬂﬁWaPB %%'B@Pf\m? Fgﬁ@e%éﬁmﬂﬁ againgaused in
turn causedsigffficantyp poorsr fewabifty! ®Bughans | LS racks.
1a0CT2005 1? On t???ot her hand,y rrxtgres L%c?@éc}??/%?glrielgﬁteé@r?d%%gs% 5

i norgani é spasgtherentedas within the defined range and ratios were able to
conbine with various softening point cresol novol ac epoxy resin and vari ous
sof teni ng poi nt phenol resin curing agent to achieve acceptable noldability
and sol der Refdrsncds resi stance criteria. Exanple 7-8 and Conparative Exanple

4-5 According to the fornulation shown in Table 1, the conponents were 10
bl ended and r €lsi Rhedayoliadrois RimalombohiFiked RotyméreSysiens (k999)dkiuaiened in

t he sanme manner ' I . .The tes |ts obtained are shown in
Table 1. The res'ﬁ??@‘g’g?ﬁ-ﬁgéﬁ%@ﬁﬂa?‘ﬁ%tpgj#’jgﬁre of crystalline and fused

i nor ganilo si | ixaP&tht, eMichel hi@), _trbguﬁe{i Ded rrRNagakim, CEdwdral B, N PRt M ni ng
nmol dabltty nanely external and internal voids, and solder crack resistance
in 15 ternms of EerRsHlatedi Micreelecpnigsd 1986 deln ey mndr Hans,cNewk¥orkThe

above- nenti oned 5@9%933 were conducted with a variation of 2% by weight of
the total filler Contént. The m xture of crystalline and fused - inorganic

silica fillers.r8hab, dighej Hangibodkef Riektic Fdstitg Teckaslagy (F99B) Johpantiby
poorer fl owabi l Ig%on%?ﬂle%j grslé,%ré,sé/lglg.ch in turn caused del am nation on the
t op

15

All references cited herein are hereby incorporated by reference in their
entireties, whether previously specifically incorporated or not, for all purposes.
Citation of any reference herein is not intended as an admission that any of the
foregoing is pertinent prior art, nor does it constitute any admission as to the

20 contents or date of these documents.

Having now fully described this invention, it will be appreciated by those
skilled in the art that the same can be performed within a wide range of
equivalent parameters, concentrations, and conditions without departing from
the spirit and scope of the invention and without undue experimentation.

25 While this invention has been described in connection with specific
embodiments thereof, it will be understood that it is capable of further
modifications. This application is intended to cover any variations uses or
adaptations of the invention following in general, the principles of the invention
and including such departures from the present disclosure as come within

30 known or customary practice within the art to which the invention pertains and

as may be applied to the essential features hereinbefore set forth.
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Al'l references cited herein are hereby incorporated by reference in their
entireties, whether previously specifically incorporated or not, fog aﬁdT
purposes. Citation of any reference herein Is not intended as an a r?l si%gg;'
that any of the foregoing is pertinent prior art, nor does it constitute
any adm ssion as to the 20 contents or date of these docunents. Having now
fully described this invention, it will be appreciated by those skilled in
the art that the sane can be perforned #thin a wi de range of equival ent
paraneters, concentrations, and condttions w thout departing from the
spirit and scope. of the invention and wi thout undue experinentation. 25
While this invention has been described in connection with specific

embodi nent s GLAIMSSf, it will be understood that it is capable of further
nodi fications. This application is intended to cover any variations used or

adapt ati ons 10f t e epukgnesincchgdsitionn@ngrisgreier al , the principles of the
invention and including such departures fromthe present disclosure as cone
within 30 kifAhanepoxyisisimary practice within the an to which the invention
pertains and as nmay be applied to the essential features hereinbefore set
forth. | 3 (yaphsnoliungvolacaaringosgerd; CLAI MS: 1. An epoxy resin composition
conpri si ng: iA%_an elg)_oxy_ resin;_ (B) .a phenolic novolac curing agent; 5 (O
an i nor gani ¢Csaninotganic sticadflerofipired cpytaliing apd AvgedkyRedWMthpes with: (i)

comosi ti on. (&) gl fetporiept 3 1 afi BRAwSIoB gipa i 158 Pesle cai o

inorganic silica fi <conprises crystalline silica filler with 10
particle distri but(;:o‘(;#.%rsggﬁ\’/\een 25 to 45 % by weight for particle sizes

(i) ratio of crystallineffused: 0.3-1.5; and
(ili) the said inorganic silica filler comprises crystalline silica filler with
10 particle distribution between 25 to 45 % by weight for particle sizes
below 12 um, between 55 to 75 % by weight for particle sizes
between 12 to 90 pym and below 3 % by weight for particle sizes
above 90 pm and fused silica filler with particle distribution between
25 to 45 % by weight for particle sizes below 10 um, between 55 to 75
15 % by weight for particle sizes between 10 to 100 um and below 3 %
by weight for particle sizes above 100 um; and

(D) a curing accelerator.

2. An epoxy resin composition comprising:
20  (A)an epoxy resin;
(B) a phenolic n.ovolac curing agent;
(C) an inorganic silica filler of mixed crystalline and fused types with:
(i) total filler content at 70-90 % by weight based on the total resin
composition;

25 (i) ratio of crystalline/fused: 0.3-1.5; and



bel ow 12 pm between 55 to 75 % by weight for particle sizes between,1l2 to
90 pm and below 3 0(o by weight for particle sizes above 90 pm and f ASeRLT 2005
silica filler with particle distribution between 25 to 45 % by wei ght for
particle sizes below 10 an, between 55 to 75 15 % by weight for particle

si zes between 10 an 100 pm and below 3 % by weight for particle sizes above

100 pm and (D) a curing accelerator. 2. N epoxy resin conposition

conprising: 20 (A) an epoxy resin; (B)1& phenolic revalue curing agent; (C
an inorganic silica filler of mxed crystalline and fused types with: (I)
total filler content at 70-90 % by wei ght based on the total resin

conposi tion; 25 (ii) ratio of crystaNneljsed: 0.3-1.5; and 13 OCT 2005 16

(111) the said(inohgaglia ibldefft Slikh ief Oby%faﬂ{] ﬁcé'finb Eul || e”

with particle distribution etween2 e sizes

bel ow 12 pm bet we,%mél@ distribhtioh b}ét\zv@érgbs th Q35 %bg'\ﬁé@hﬁf& ruaéts‘.ifé’é”' 12 to

90 pm and below 3 % by weight for particle sizes above 90 pm and fused

silica filler w thbglewt 12| gmdibsitwednts5no bes eaeby \Héghp f&5 Yrtiye \¥Rieght for

particle sizes below 10 pm between 55 to 65 % by weig P be ai de si zes
bet ween 10 to 100 patwaed b?alt@\B(Bu% abgi hadowyhd % doy pmlghtdbe [eirtids sitesve 100

per. (O _a curing accelerator. An epoxy resin conposition according

to claimd or 2 wiheendQ hen awéﬁgﬁ@d ﬁ@peéweag@b reri¢lp disthyiione hetvash t he

total resin COITpOSéé O§'5 IVaijy welgthqlfgr parpglefs?zlels lc?vg 1r a betwegn 55 to 65

% by weight for particle sizes between 10 to 100 pm and below 3 %
by weight for particle sizes above 100 ym.
(D) a curing accelerator.
10
3. An epoxy resin composition according to claim 1 or 2 wherein the
weight percentages of the components of the total resin composi.tion fall within
the following ranges:
(A) 6% to20%
15 (B) 3%to12%
(C) 70% to 90%
(D) 0.05%t0 0.8%
and the ratio of (A) to (B) is between 1.2 and 2.5.

20 4. An epoxy resin composition according to claim 1 or 2 including 0.1% to
2% carbon black expressed as a weight percentage of the total resin

composition.



(A)6%to 20% (B) 3% 012% (C) 70% 090% (D) 0. 05% to 0.8% and the ratio of (A) to
(B) is between 12 and 2.5. 20 4. An epoxy resin conposition accordingltd(T 2005
claiml or 2 including 0.1%to 2% carbon black expressed as a wei ght
percentage of the total resin conposition. 13 OCT 1005 17 5. The

conposition of claim1 or 2 wherein the epoxy resin (A) is in accordance
with Formula (1), and has a viscosity of 0.8-1.8poise O lat 150C. CH2CAR32
CH2CHCH2 CH2CHCH2 R (1) 5 wherein R wi¥ch may be the sane or different, is
an atomor group selected fromthe group consisting of hydrogen atom

hal ogen atons and G to C4 alkyl groups; and nis an integer of 0-10. 6.

The conposition of claim1 or 2 wherein the phenol ic novolac curing 10

agent (B) issin eqqféoes@rgs@at.aht&r @l %r(i'v)m e %@Qﬁi(; & in

1. 5- 3. Opoi se lat 1 wherein I'S |n5epende t an atomor group
selected fr oa@obmyrmg@mtmr@rmula(l)mﬁcpma@ryéoafy@ﬂcksu sberse ICREE8D°CS an
integer of 0-10. 15 7. The conposNOn of claim1 or 2 wherein said curing
accelerator (D) conprises one or nore curing accelerators selected fromthe
group consi st ifg2CBCHAI azabi Cﬁ@@H@Bﬁeoene (HRACHR dphenyl phesphine (TPP)
benzyl di net hyl lam ﬁ%" BDMVA ), | 2- mH hyI i m dazlol e~ ;(2 MZ) and m xtures
thereof. 20 ¢

l@iﬂz r@ CH2 ] (j

5 wherein R which may be the same or different, is an atom or group selected

from the group consisting of hydrogen atom, halogen atoms and C; to C, alkyl
groups; and n is an integer of 0-10.

6. The composition of claim 1 or 2 wherein the phenolic novolac curing
10 agent (B) is in accordance with Formula (ll) and has a viscosity of
1.5~3.0poise ICI at 150°C.

CH OH OH ' (2)

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

halogen and an alkyl group; and n is an integer of 0-10.
15

7. The composition of claim 1 or 2 wherein said curing accelerator (D)

comprises one or more curing accelerators selected from the group consisting

of ©  diazabicycloundecene  (DBU), triphenylphosphine (TPP),

benzyldimethylamine (BDMA), 2-methylimidazole (2-MZ) and mixtures thereof.
20





