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OBIJECT 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 to at least provide the
public with a useful choice.

SUMMARY OF THE INVENTION

According to the invention there is provided an epoxy resin composition used for sealing of
semiconductor devices, comprising:

(A) an epoxy resin of the formula I1,

(B) an epoxy resin curing agent,

(C) a mixture of inorganic aluminum oxide and silicon oxide constituting 69.5-95% by weight of
the total epoxy resin composition,

(D) a curing accelerator

The naphthalene tetrafunctional type resin of the formula 11 is preferably present in an amount of 5
to 30% by weight of the total epoxy resin composition. It can also be used with a resin of the
formula I. The epoxy resin curing agent is preferably a compound of formula I, IV or V, or a
mixture thereof (herein identified as a phenolic resin curing agent of the invention), more preferably
a compound of IV or V or a mixture thereof.

The curing accelerator is present in an amount preferably of 0.1-1.0 wt % based on the total epoxy
resin composition, said epoxy resins (A) preferably being used in an amount of 0.8 to 1.25 epoxy
equivalents per hydroxyl group equivalent of said phenolic resin curing agents (B).

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 as
compared with conventional epoxy resin compositions used for the same purpose.
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conventional flame retardant agent such as brominated epoxy resin, hexa-bromo antimony trioxide
or pentaoxide. The outcome is an environmental friendly epoxy resin composition free of bromine,
antimony, boron, phosphorus and their compounds. Among other advantages, this may render the
expensive alumina filled epoxy resin composition recyclable and possess high thermal conductivity.
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Epoxy resin composition, without added flame retardant, must have relatively high filler loading in
order to pass the UL-94 (Underwriter Laboratory - USA)'s V-0 flammability requirement.
However, different types of epoxy resin and curing agent have different flammability. This is due to
a combination of the bulkiness, solidity of structure, aromatic and aliphatic carbon content.

Boundary curves can be drawn by joining the points of minimum amount of alumina filler needed
in resin matrix (see graph 1) with respect to total filler content in order to work as a flame retardant.

The 1* embodiment is represented by boundary equation (II) and illustrated in graph 1 where the
UL-94 V-0 requirement can be achieved:

Y 2-0.0668X + 5.69 equation (IT)
Where,
Y = Ratio of alumina filler to total filler content (in wt%) is from 0 to 1.0
X = Total filler content in Wt% is from 69.5% to 95%, (100-X=corresponding resin content)

In accordance with the present invention, epoxy resin composition consists of epoxy resin
represented by formula (II), a naphthalene tetra-functional type epoxy resin, which has rigid
naphthalene skeleton with high symmetry and high density aromatic rings which provides high
melting and combustion temperature. This epoxy resin can provide the highest level of Tg in all
kinds of epoxy resins and excellent curability. These features do assist in providing low flaming
ability, low warpage and good solder cracking resistance.
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The 2™ embodiment is represented by boundary equation (III) and illustrated in graph 1 where the
UL-94 V-0 requirement can be achieved:

Y 2-0.0686X + 5.77 equation (11I)
Where,
Y = Ratio of alumina filler to total filler content (in wt%) is from 0 to 1.0
X = Total filler content in wt% is from 69.5% to 95%, (100-X=corresponding resin content)

In accordance with the present invention, the epoxy resin composition consists of the epoxy resin
represented by formula (If) which is a naphthalene tetra-functional type epoxy resin, which has
rigid naphthalene skeleton with high symmetry and high density aromatic rings provides high
melting and combustion temperature. This epoxy resin can provide one of the highest level of Tg
among various kinds of epoxy resins, excellent curability and relatively lower moisture absorption.
These features are desirable in order to achieve good flaming ability, low warpage and good solder
cracking resistance, all crucial requirements of new generation IC packaging materials.

Naphthalene resin curing agent with even higher density aromatic ring and the bulky structure is
represented by formula (V). The weight fraction of hydrogen atoms is lower compared to
paraxylene-modified phenolic resin curing agent (xyloc) represented by formula (IV). Hence it can
possess higher flaming resistance as compared to xyloc resin curing agent. Thus, with above
naphthalene type epoxy resin and curing agent composition, it allows lower filler loading epoxy
resin composition to meet UL-94 V-0 requirement without additional flame retardant agent. Filler
loading should be 69.5% by weight or above based on total epoxy resin composition (with
respective ratio of alumina filler calculated based on equation (III) and referring to example 4 and 5.

When the amount of filler is less than 69.5% by weight, the resulting alumina filler composition
will have inadequate flame retardant performance (CE5). On the other hand, a filler content more
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The smallest peak (i) preferably comprises a fine silica filler that can be either fused or crystalline
in nature. These fine fillers serve as lubricating ‘bearings’ that promote flowability as well as
minimising air-vent flashes during transfer molding. Too much or too little of such filler can render
these functions ineffective. In the present invention, peak (i) and the ‘saddle’ is delicately designed
1o account for 25-35% by wt of the total filler composition having maximum size less than 8pm.
Fillers exceeding 8pm is not effective in performing the above mentioned functions. An alternative
description to supplement the above can be given by D10=1.5-2.0um, D50=10- 20um and D90=70-
80um, where DXX referring to diameter at XX% based on cumulative filler distribution.

The specific surface area of filler should be between 1.0-3.0m%/g. In addition, spherical fillers as
well as wide filler distribution are desirable to maintain good flowability and processibility. In
return, higher filler content loaded is possible. Spherical fillers also help in reducing abrasiveness
and the modulus of the resin composition.

With regard to the blending ratio of the epoxy resin (A) to the phenolic resin‘curing agent (B),
preferably the epoxy resin (A) is used in an amount of 0.8 to 1.25 epoxy equivalent per hydroxyl
group equivalent of the phenolic resin curing agent (B).

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). There can be widely used those curing accelerators generally used in sealin‘ic,J
materials, such as diazabicycloundecene (DBU), triphenylphosphine (TPP), benzyldimethyiamine
(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 wt in the total epoxy resin
composition. In an amount less than 0.1 wt %, hardness of the resulting molded product decrea§es
and mold release characteristics tend to deteriorate. In an amount more than 1.0 wt %, the reaction
proceeds undesirably fast and fluidity tends to decrease.



X = Total filler content in wt%is from=69.5%to 95% (100-X=correspondi ng
resin content) In accordance with the present invention, the epoxy resin
conposition consists of the epoxy resirs represented by forrmula (I1) which
i s a napht hal ene tetra-functional type epoxy resin, which has rigid

napht Ak ereselepbry masingampdsitipn usghfastsealingeamiprigss. afe?ssentinl eRTBRATENTS, 31 FRXY
provi e, hicghing mpditj aginarmncditrnand @ nutirengueelatatore TheTtesin coppryitior siay fagher
provi dempng:, A ndcbgalyi, gheeds ddaiieks afch By silarwoaplirgy dgens rdtéasthy agéntdpgxynatural

I esi Ngyax@¥eehth &Y wakl, dpdskirédtcaipchddrivatl(e. ¥ e ki¥ichr@g! orfabbér)iaad atedliltept i on.
These features are desirable in order, tQ achjeve gocigief lam ng ability, .|l ow
war padiepraducigs dir Bréméﬁpm@frr&&lniCﬁglPP%Q%foaﬁ@é}r}géF p TRGl¢iag pater PRENTS b
new germsring agent] C-yrmekagelengtarea BHerand othenagdditives asp Bixasssufic er@dag@(im_ W tn
even hiighermicenst thy lile othen, ithe mixtoreanohelt kpeddiad kying hotrsllarackriegderros thedldiemnt ed
by fonAdkiR Knéhdedhiodigiigidoldd adtdrovndo Théywdidigemartiahthus ebthimed carcherpseddar t o

par axx&:ﬁﬁlg- ORink] RsuIphGNetd. 6F éie@fdmi@%{ris@g cR@eittpattyy| oc) represented by
formula (FV). Hénce it can possess higher flamng res%ﬂiha% as, conpar ed

to xylAseording to thepresentageantion;thers cambe gbtaiﬁéd/@l CRATIPITE MHESBpoxy resin
and cepinpgsitige haviog hyebshermmh conducayitolew theweal expansion angddeWHBLISHENEPSOPESNN
conposiriongtheps. [faeh chihbidtidh Basrred beanearaited wiithhpidr agtddi ti onal fl ane
retardant agent. Filler |oading should be 69.5% by wei ght or above based
on total epoxy resin conposition (wth respective ratio of alumna filler
cal cul ated based on pESTURIPTION OF PREFERRED EMBODIMENESe 4 and 5. \Wen
the anmpunt of filler is less than 69.5% by ight, .the resulting al um na
fill erThedmensay nyeptionip PFTGH@\%@ ‘?%‘é@&?@t‘éaﬁq’é\ﬁ%pqﬁﬁ@f”é‘% fAHETf or mance (CE5).
On they %J@fﬁ@g tharhbidt 8F eSBUoRPonEP uSediis eRF8ssed aSHarbitly Weipht iExagiple I

it

an

al um r t ¢l t; pRch tH3kesGal Gaskigbed base
on eqlr}nge%igﬂ& )faeﬁl eg;qﬁgﬁf @§?ig}§{léillé@§t{6%?94 V{)Dg%agﬁggadd?st i onal1 gxt er nal
s a

flame retar agen re needed. CE6 is filled with 80%filler content
and ratio of alumna filler to total filler content is 0.2, the resulting
epoxy resin conposition is not abl m&k gve UL-94 V-0. However, CE7

whi ch contain sanme conposition as dded with 0.4% of anti nony
trioxide and 1. 0% of brom nated phenol novol ac epoxy resin could achieved
UL-94 V-0, When the anount of filler is .nmore than 84% by weight, .n

al uni nererplpwmegompeaents hibe fehiqvang RroneTugns apegpiiid 2 EOO%%HPeﬁag“ﬁgélggd to
achi evemiyer g hiayia) rolgrgyled and ground to obtain a molding material. EpoXy compound o1

formula (1) (softeming point: 108°C., epoxy equivalent: 185g/eq) 5.0 parts by weight
Phenol novolac resin curing agent, (softening point : 90°C., hydroxyl group equivalent: 105

gleq) 2.9 parts by weight
Alumina filler 80.5 parts by weight
Fused silica filler 10.0 parts by weight
Diazabicycloundecene (DBU) 0.2 part by weight
Silane coupling agent 0.5 part by weight
Stress reducing additive 0.2 part by weight
Carbon black ' 0.3 part by weight
Releasing agent 0.4 part by weight

For epoxy resin composition flame retardant performance testing, UL-94, developed by
Underwriters Laboratories, is one of the most widely used. It begins with pellet preparation, then
mold into test piece with size at 125mm x 13mm x 3.2mm thickness. The molded test piece is then
put into a chamber with temperature control at 23+/-2 °C and 50+/-5 °C relative humidity for at
Jeast 48hrs. After pre-treatment test piece is ready for burning test, which follow ASTM D5207. In
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t r anstey expobal 1% alPespHéfd B0 LAY RH fof 120hrsS Théredftdriths pakagdsains st tHrowgte
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fill er<OB082Apusing mnloanged ERROSVIZIP élghdemmrﬁtuaer ireg dens presspiapithingthe eprgpsulant
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Spher iKigtenflall beidswiakhs tn tved [radstortéghes elegtrbl msistanced SEhe maultstdne expressed by of
the resknageargosition.

For thermal conductivity measurement the epoxy resin composition is first made into tablets and
then into the cylindrical blocks with diameter 40mm by height 25+5mim at the temperature of
175°C, ISOkgf/cm2 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 30 30 10
application (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

The following results were achieved:

Thermal conductivity (W/mK) 3.0
UL-94 / 3.2mm (V-0/V-1) V-0
Soldering crack test (PBGA-35x35/PI) 0/4



Wth regard to the blending ratio of the epoxy resin (A) to the phenolic
resin curing agent (B), preferably the epoxy resin (A) is used in an

anount of 0.8 to 1.25 epoxy equival ent “per hydroxyl group equival ent of
t he pﬁfnoﬁrc esin. currn ent (B). The curing accelerator used in the

prese éﬂnaterial as long as it can accelerate the
r eact Dgtanpaateresheck €PBEOx30%30dUp of the component (A) and the hydroxyl

gr oup60fC/ster@apperd (B). There can be w4lely used those curing

accel iyt in sealing nmatgppal s, such as

di aza%r cyc% oungggﬁr% 6@@?9) tri phenyl phosphine (TPP), benzyl di met hyl am ne
(BDMA), 2-nethylim dazol e (2-Mz) and the |ike. These conmpounds can be used
alone or in conbination of two or m)re The curing accelerator is

preferably used in an amount of 0.1 to 1. O%by wt in the total epoxy resin
corrposrtron In an anmount | ess thaﬁxem]?%t 3% " hardness of the resulting

mol degs B&f sﬁﬁﬁﬁ%re &prorrﬁ C%Jn% oqm@ﬁ%tqu‘ efbbiinchbviPin

det er g ze Qct e &OE ﬁroﬂﬂn RLRAcRRIS
undest eatlr e I [v) were Cbt i cFl t % % FPOXY resin
corrpo £96 HmFE)er p§§§l? fé“é ARG IS aF corrponen , an epoxy
resi n;=*gmP eé@%ﬁs aff‘a%%lo (,2 filler and a curi ng accel erator. The

resin conposrtron may further co rise, if necessary, various additives
such as silane coupling agent, rel &8mmesdg®nt (e.g., natural wax or
synthetic wax), stress-reducing additive (e.g., srlrcone oil or rubber),
and t Mpoky kesin compositihus iargcanipmupdekecordapieyedipssi2i eobgizent hawhon seal i ng
as a Mabld 3)@ndshlgedtad to B sepOEIOcedBESSs in Examplerigoadeit modding mategials.

accel drest REultsdof tHebeépoxRdesih beipasitilins wepsSomhidedrindel sané fanheankliy and

uni f oEZaip léJF'm&sst)é%s}ﬁMnHHQ“able@ then, the mxture is nelt kneaded
usi ng hot roIIs a kneader or the |ike; and t he kneaded product is cool ed

and ground. The nol di ng materi éMEV@@X% ¢4 icgn be used for sealing,
coating, insulation, etc, of el ectroni c par s or electric parts. According

to -th?A .ese t?(%)g(\r/{%ﬁt r?(f:))n ere can be ?%grﬁ;igg??n &N ‘Qu{s?%hniﬁgtcﬂ*mé [b(iir y
and P@rﬁ;ﬁﬁg F‘émﬁi‘fég}’%% easrf;ﬁ%%f@gr? g %?‘H&%ﬁg@“ 4o 41ty ”Z'e(ﬁ”
at t ai sEBCRied fo Picisame precedpesaRing ns results for these

molding materials were obtained in the same manner as in Example 1. The results are shown in
Table 2 and 3.

Table 2 (1¥ Embodiment)

Examples Comparative Examples

2 3 CEl CE2 CE3 CE4
Alumina filler 300 38.0 65.0 22.0 22.0 0.0
Fused silica filler 50.0 40.0 3.0 58.0 38.0 89.0
Alumina filler:Filler content (wt %)* 0.38 0.49 0.96 0.28 0.28 0.00
Naphthalene epoxy resin 1.3 12.0 17.0 11.3 9.5 6.0
Paraxylene-modified phenolic curing agent 7.0 8.3 11.0 7.0 6.0 3.3
Diazabicycloundecene (DB} 0.3 03 1.5 0.3 03 0.3
Silane coupling agent 0.5 0.5 1.0 0.5 0.5 0.5
Stress reducing additive 0.2 0.2 02 0.2 02 0.2
Carbon black 0.3 03 0.3 03 03 0.3
Releasing agent 04 0.4 1.0 0.4 04 0.4
Antimony trioxide 0.0 0.0 0.0 0.0 1.5 0.0
Brominated phenol novolac epoxy resin 0.0 0.0 0.0 0.0 1.3 0.0
Thermal conductivity (W/mK) 1.3 1.1 1.1 1.0 1.0 1.4
UL-94 /3.2mm (V-1/V-1) V-0 V-0 V-1 V-1 V-0 V-0
Soldering crack test (PBGA-35x35/P1) 0/4 0/4 0/4 0/4 0/4 0/4
{no. of gracked devices/total no.)
Delamination check (PBGA-35x35/PI)
60°C/60% RH for 120hrs 0/4 1/4 1/4 0/4 i/4 0/4
HTSL at 175°C (hr to 1™ failure) 800 800 900 500 500 1000

* . the ratio of Alumina filler {in wt %} to total filler content (FC in wt%)



The present invention is hereinafter described by way of the foll ow ng
Exanpl es. In the Exanples, the anmount of each conponent used is expressed
as parts by weight. Exanple | uses a B phenyl epoxy resin of fornula I
which illustrates the nol ding processes and testing nethods as used in
Exanples 2 and 3. EXAMPLE | The follow ng conponents in the follow ng

pr opofighRs(at EmBbiigdtn@dl room tenperature using a mxer a biaxial roll,

cool ed _and around to obtain a nolding naterial  Epoxy conpound of formula
(1) (softenl ng p0| nt: 108C., epoxy eqw%‘l“é‘ﬁst : : vei ght

Phen s cu g—agen . ‘

v l‘g&%‘?l%‘?ﬁ g/ eq) 2J 9 pzi(r)tg by }[I\Blgﬂ AL a . I par tgg by
me|g parts wei i oynRgec
(DBU) u ”a gﬁ?con%m “JE/§SI | ane coupl |@%0 age%i 0.5 %%at gg&v\e:ggﬂt eg%ﬁr ess
reduch@ t,@d égﬁlr ag t2 part by weight GCgdon R @ck 053 pask by swei ghtz

Rel easjlﬁgn@g,gl;};de Appeft by weight For gpoxy rnasin cosrposbsi onofil anm.2
ret ar daite cpphifcakemnce testing, UL-94, devel oped by Liderositens 0.5
Labor &tra re@scingiagdioee of the nost wi del youised. 02t begd.hs wdfh pél2l et 0.2
pr eparcCatbooblackt hen nold into test piecetith 9ilze at0i25mBPx 18@Fm x &3 2mm
t hi ckRebssingTgeat nol ded test piece is theh? put %nto al€hanBér wltth 04
t enperfatineyy Woider ol at 23+1-2 C and 504995 C @& ati v&0 humogl ty %or a&

| east BA‘BWF%‘*dPP\T“Pb’PV%?CéP‘{XWé"é‘Prrent test ptece i &% eadyo?or BOrnidd te

whi ch oI Iloco uctm In 6 the test, the specinenggare,glamed

verti tY in. high blue f(,q,me I S @pp! |9q tovtlhe ‘b@ttom,of

t he 5@3% e§5x35yp1 hdrawn, andggeapplgsed fopsan gddi tioanal ¢p sec;

t he dqﬁ@gf&gkéafdev, eb/BM RO and glowing is noted as soon as the specinen has
ext i Ngelasdton check @BTA-h3gm@mj t on is placed beneath the specinen to
det er rdormsopdveH Roes20tsi ppi Nng material s wi b4 i gnittde it ddri n§st he 2tdest ?ﬂ%rl od.
HTSL at 175°C (hr to 1* failure) 800 900 900 300 500
* - the ratio of Alumina filler (in wt %) to total filler content (FC in wt%)

As used herein the term “comprising” is used in an inclusive sense such that other components can
be present in the composition as well as those specifically referred to.



Five test pieces are needed for every sanple.

test pieces is |less than 50

seconds,

If total

ot her

hand,

flamng tine of five
Bhe epoxy resin conposition is
considered to pass UL-94 test and classified as V-0. On the

i f

total flamng tinme is nore than 50 seconds, the sanple is considered fai
UL-94 tgst and classified as V-1 andV-2. The materials are classified V-2
the |l eagt stringent classification, or V-l or V-0, which are the npst
stringent classificatio c - zoet QW 3ummari zes the
requi renents for each c§a33|f§cat|§ rfoF nc iti ng at the package
| evel begins with pellpt: i epafht i pt qmi@% Svagisdus mizes. Depending oh test
purposes|, it can be no|ded into 35x35nn1CNer4NbId d-Pllastic Ball-GidiArray
(OWPBGA)| with 352 bal | 5 *on arf or gati c sabstr sol der resist atia
t enper atiure of 175C, 5C g ently the packages
wWth achipinit (9x9nn1 pon|n1de(PI) coated) are exposed to an
at mosphere of 60C/ 60% RH for 120hrs. Thereafter the packages are sent
t hrough | a varyi ng—t+enpera 36 _no_t.c.JfDEQ,ztdghard W th
a peak tlenperatur g of ]255C[in - |a : er, cragks
present jat the suffacgs of|the: 1 croscope. In
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CriteriaC assification V-2V-1V-0 Nunber of speci nens555 Nunber of

I gnitions222 Maxi mum flamng tinme per speci nen per flanme 303010 application
(sec) Total flamng time, five specinmens, 2 ignitions (sec)25025050 Fl am ng
drips ignite cottonYesNoNo Maxi mum-afiterflow tinme, per speci nen (sec) 606030
Bum t o hol di ng cl anpNoNoNo The fol lowi ng results_were achi eved: Thernal
conductivity (WnK) UL-94 / 3.2mm (V-ON-.1) Sol dering crack test
(PBGA-35x35/PlI) 3.0 V-0 0/4 7 (no. of cracked devices/total no.)

Del am nati on check (PBGA-35x35/Pl) 0/4 60C/60% RH for 120hrs HTSL at 175C
(hr to 1St failure)1000 Exanpl es 2-3 Epoxy resin conpositions are
conpounded according to reci pes of 1St enbodi gent shown in Table 2, and
subjected to the sane procedures as in Exanpl® 1 to obtain nolding

materi al s.

O

NS

OCH,CH— CH,

Q
:
:
d
v

Wherein R; to Ry is independently an atom or group selected from hydrog

atom, a halogen and an alkyl group

Formula (D




Test results for these epoxy resin conpositions were obtained in the sanme
manner as tn Exanple 1. The results are shown in Table 2. Exanples 4-5
Epoxy Yesin conpositions are conpounded according to recipes 2n' enbodi nent
shown in Table 3, and subjected to t\he same procedures as in Exanple 1 to
obtain nolding materials. Test results for these epoxy resin conpositions
were obtained in the same manner as in Exanple 1. The results are shown in
Tabl e 3. Conparative Exanples 1-8 Additional epoxy resin conpositions are
conpounded based on recipes outside the clainmed region and | abelled
conparative exanples in Table 2, 3 and 4. These epoxy resin conpositions
are subjected to the sanme procedures as in Exanple 1 to ofgain nolding
materials. Test results for these nolding materials were obtained in the
same manner as in Exanple 1. The results are shown in Tabf& 2 and 3. Table
2 (1St Enbodi ment) Exanpl esConparative Exanpl es 23CEl CE2CERCE4 Al unmi na
filler30.038.065.022.022.00.0 Fused silica filler50.040.03%058. 058.089.0
Alumina filler:Filler content (wm 9% *0. 380. 490. 960. 280. 28000 Napht hal ene
epoxy resinll.312.017.011. 39.56.0 Paraxsd ene-nodi fi ed phen§ghi-c curing .
agent 7.08. 311.07.06.03.3 D azabicycloué?gcene (DBU) 0. 30. 31 0.30.30.3
Si | ane coupling agent0.50. 51. 00. 50. 50 ress reducing

addi ti ve0. 20. 20. 20. 20. 20. 2 Carbon bl ack . 30. 30. 30. 30. S-ELIeaS|ng

agent 0. 40. 41. 00. 40. 40. 4 AntlnEEy trioxi ﬁ @. 00. 00. 01. 50

N
c

™~ OCH,CH— C

H,C— CHCH, 0 —

Wherein R is independently an atom or group selected fromd

halogen and an alkyl group

Formula (IT)

i
I
|
1




-Brom nat ed phenol novol ac epoxy resin0.00. 00.00. 01. 30.0 Thermal-
conductivity (WnK)1.31.11.11.01.01.4 UL-94 / 3.2mm
(V-1/V-1)V-0V-0V-1V-1V-0V-0 Sol dering crack test

( PBGA- 35x35/ PI ) 0/ 40/ 40/ 40/ 40/ 40/ 4 (na~of cracked devices/total no.)

Del am nati on check (PBGA-35x351PlI) 0141/41/40/41/40/4 60C/ 60% RH for 120hrs
HTSL at 175C (hr to 1 failure)8008009005005001000 * : the ratio of Al um na
filler (inw % to total filler content (FCin w% 8 Table 3 (2"d

Enbodi ment) Exanpl esConparative Exanpl es 45CE5CE6CE7CE8 Al unmi na
filler39.053.060.016.016.00.0 Fused silica filler39.022.08.064.064.087.0
Alumina filler:Filler content (w 9% *0.500.710. 880. 200. 200. 00 Napht hal ene
epoxy resin9.711.013. 08. 88. 15. 2 Napht hal ene guri ng _

agent 10. 512. 215. 09. 58. 86. 2 Di azabi cycl oundecghe (DBU) 0. 40. 41. 50. 30. 30. 2

Si | ane coupling agent0.50.51. 00.50.50.5 Stre@s reduci ng

addi ti ve0. 20. 20. 20. 20. 20. 2 Car bon bIackOJMlEKL30.30.30.3 Rel easi ng

agent 0. 40. 41. 00. 40. 40. 4 Antinony trioxide0. @Q. 00.00. 00.40.0 Brom nat ed
phenol novol ac epoxy resin0.00. 00. 1.00. PThermal conductivity

(WmK) 1. 51. 50. 91. 01.01. 1 1 g
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UL-94 / 3.2mm (V- 1IN-1)V-0V-0V-1V-1V-0V-0 Sol dering crack test

( PBGA- 35x35/.P1') 0/ 40/ 40/ 40/ 40/ 40/ 4 (no, of cracked devices/total no.)
Del am nati on check (PBGA-35x35/P1) 1/40/41/40/42/40/4 60C/ 60% RH for 120hrs
HTSL at 175"C (hr to 1" fail ure8009009@05005001000 * : the ratio of Al um na
filler (inw % to total filler content (FCin wt% As used herein the
term"conprising” is used in an inclusive sense such that other conponents
can be present in the conposition as well as those specifically referred
to. gzZZEE-pEEEEE an Eg paoipcy Oy OEQNC WOC E>rv C7 mO co |~
(CLf) ITC) N '
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0x 4 Qa0 o 0 15 CLAIMs: 1. An epoxy resin conposition used for
seal i ng of sem conductor devices, conprising: (A an epoxy resin of the
formula I'l, (B) an epoxy resin curinglagent, (C) a m xture of inorganic
al um num oxi de and silicon oxide constituting 69.5-95% by weight of the
t ot al (3gdMBiresin conposition, (D) a curing accel erator 2. An epoxy resin

Cor’rp0§| P\E%Q ?}I 1es nadoﬁléf’l)s%ﬁ wSbd ek Q%lﬁg%’f%rﬁﬁﬁﬁﬁ(i(d@deh%esu%@ﬂphﬂné‘n amount of

epoxy equi val efits per roxyl group equrval ent of

sal d phenol ic resin (B). 3. An epoxy resin conposition of claiml or claim
2 whel#8) an eprxygesin of ttedosherdt,or (D) is present in an anount fromoO.1-1
wei gh(Bpai epaytrediasednpagenhe total resin conposition. 4. An epoxy resin
CONPOSC} & MixtAECHN igdbip@nic @hghiaum dxidesad stlivon@rileponstatiimges 86 Viomdeeigbr of
devi Cese tofal epy ggy@mn{r@%l@ncorrpo& tion of claim1, wherein the anmount of
the m oxi de and silicon oxide is defined by equation II:

%ﬁggéw%%gt%ere Y = Ratio of alumna filler to total filler
Cont tent A ZY@ | SpfdoRifol dflaiml whereif et fx k& &ﬁ@h@éﬁm'aﬂ Acint 8£d.80mM
69. 5% 0 512 4 o &9 RYRRAE RO o of b dalivulc oot 1 BRAKHe F&H (B).

corrp05|t|or1 o] élae?’ﬁo ereln tetra- tional type resin
cont ai ni ng 5-30% by vvel ght represented by forrrul a (1) | s present in an
amount. ah eppoyTdsitt @niftion of claim 1 or claim 2 wherein the curing accelerator (D} is present in

an amount from 0.1-1 weight per cent based on the total resin composition.

4. An epoxy resin composition according to claim 1 used for encapsulating semiconductor
devices.

5. The epoxy resin composition of claim 1, wherein the amount of the mixture of aluminum oxide
and silicon oxide is defined by equation II:

Y >-0.0668X + 5.69
Where,
Y = Ratio of alumina filler to total filler content (in wt%) is from 0 to 1.0
X = Total filler content in wt% is from 69.5% to 95%, (100-X=corresponding resin content)

6. The epoxy resin composition of claim 5, wherein the naphthalene tetra-functional type resin
containing 5-30% by weight represented by formula (II) is present in an amount of from 5 to 50%
by weight, based on total epoxy resin composition.

7. The epoxy resin composition of claim 5 or 6, wherein the paraxylene-modlﬁed phenolic resin
curing agent (xyloc) represented by formula (IV), is present in an amount of from 50 — 100% by
weight based on total resin curing agent composition in epoxy resin composition.

8. The epoxy resin composition of claim 1, the amount of the mixture of aluminum oxide and
silicon oxide is defined by equation III:

Y 2-0.0686X +5.77
Where,
Y = Ratio of alumina filler to total filler content (in wt%) is from 0 to 1.0
X = Total filler content in wt% is from 69.5% to 95%, (100-X=corresponding resin content)

9. The epoxy resin compos1t10n of claim 8, where in the naphthalene tetra-functional type resin
represented by formula (II) is present in an amount of from 5 to 30.5% by weight based on total
epoxy resin composition.



by wei ght, based on total epoxy resin conposition. 7. The epoxy resin
conposition of claim5 or 6, wherein the paraxyl ene-nodified phenolic resin
curing agent (xyloc) represented by fongula (1V), is present in an anount
of from50 - 100% by weight based on total resin curing agent conposition
i n epd¥y Thespaxyoesipesmppsifion 8f cigime ] bpdheyein gl nepbibaleos rasinonria agenti m 1, t he
anmountrepesdnied by formnka (3F) ispresdnn imaroahaat ahffomsA0 tod60%dxi eteightsbaded omedalby
equat iredin btifing agent cémPesdfon ih epoxiy redtheiomposior. Rati o of alumina filler to
total filler content (in wt% is fromO to 1.0 X = Total filler content in
w%is from69.5%to 95% (100-X=corresponding resin content) 9. The epoxy
resin conposition of claim8, where in the naphthal ene tetra-functional
type resin represented by fornula (Il) is present in an anount of fromb5
to 30.5% by wei ght based on total epoxy resin conposition. 16 10. The
epoxy resin conposition of claim1l, wherein the naphthal ene resin curing
agent represented by fornmula (V) is present in an anount of from80 to
100% by wei ght based on total resin curing agent composition in epoxy
resin conposition.



