EPOXY RESI N COVPCSI TI ON TECHNI CAL FI ELD The present
conposition for sealing seni conduct or devi ces,
sem conduct or devi ce seal ed by an epoxy resin conposition.
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tOXIC conmpounds when burnt, such as nitrogen oxide and phosphoric acid.

10 Al unmi num hydr oxi de, whi ch Is environnentally friendly and non-toxic,
retards a fire mainly due to its endotherm c deconposition to al um num oxi de
and water: 2AI(OH)3 -> AI2G3 + 3H20 - 298KJ/ nol e 15 This reaction takes
pl ace between about 180 200C. Om ng to +hg endot herm c breakdown of al um num
hydr oxi de, the polymer conponent if the epoxy resin conposition containing
al um ni um hy dedhtemcre 00l Bt imeny?0 deids Pys Ol ¥Gbpe8t8dUCHE abaihgl Mad.

Al um num oxi de, in addition to producing charring, acts as an insulating
protective Idﬁ%ﬁ°1¥Q§ﬁ4mwnDre wat er vapor fornmed in the deconposition of
the al um num hydroxi de dilutes any flammabl e gases given off by the burning
epoxy resin 25 conposition. JP 2003-155426A di scl oses the use of al um nium
hydroxi de as a flame r alcar-danliogema N epMm®Aaimitid) CONPRaméi ON. rEtAreRLS
resin conE08|t|on conprises 5-20wt % 30 of al um ni um hydroxi de based on the
total res BRAINIARG, TRETUSRXYIP19 s nddegienof apduphe aphoresox hdere n
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| nc. standar
toxic compounds when bu,;:nt ; such as nitrogen oxide and

phosphoric acid.

10 Aluminum hydroxide, which is environmentally
~ friendly and non-toxic, retards a fire mainly due to its

endothermic decomposition to aluminum oxide and water:

2A1 (OH) 3 i Al.03 + 3H.0 -298KJ/mole
15 ’
This reaction takes place between about 180°C and

200°C. Owing to the endothermic breakdown of aluminum
hydroxide, the polymer component of the epoxy resin
composition conta:l.zu.ng alum:.n:l.um hydroxide is cooled, so

20 fewer pyrolysis products are formed. Aluminum ox:.de, in
addition to producing charring, acts as an insulating

~ protective layer. Furthermore, water vapor formed in the
decomposition of the aluminium hydroxide dilutes any

flammable géses gi‘ven off by the burning epoxy resin

25 composition.

JP 2003-155426A discloses the use of aluminum
hydroxide as a flame retardant in an apoxy resin
composition. The epoxy resin composition comprises 5-20wt%

30 of aluminum hydroxide based on the total resin
composition. The uée‘ of this amount of aluminum hydroxide
in the epoxy re=zin co;uposition ‘ac'hieves the relevant

Underwriters Laboratories 1Inc. standard (i.e. UL-94



entitled "Standard for Tests for Flammbility of Plastic Materials for Parts
.in Devices and Appliances") at only 3.2nmm thi ckness. Wen the epoxy resin
conposition conprised less than 5% the material failed the UL-94 5
flammability test; if the al um nium hydroxi de content was nore than 20% the
material had poor noldability and a | ow 3val ue on hot hardness. For the
UL-94 flammbility test, as the thickness 10 of the test pieces decrease,
the difficul tentidrleshs8Ehgndands foestTasiey efises Flannabididly 0HFf e@lagftildhe
present invention tq provide an epoxy._resin conposition an inorganic 15

flanme retar dAfAtIHALTaROFafR RN LR- Pevicameand APpldances”d stgniomildant | y
lesser thi ckngShm SYYoRYess. When the epoxy resin composition

comprised less than 5%, the material failed the UL-94
5 flammability test; if the aluminium hydroxide content was
more than 20%, the material had poor moldability and a low

value on hot hardness.

For the UL-94 flammability test, as the thickness
10 of the test pieces decrease, the difficulty for passing

o~ this test increases.

It is an object of the present inventibn to
provide an epoxy resin composition comprising an inorganic
15 flame retardant that can pass the UL-94 flammability test

at a Significantly lesser thickness.
- SUMMARY

20 According to one aspect of the invention, there
is provided an epoxy resin composition for sealing a
— - semiconductor device, comprising:
| (A) an epoxy resin;
(B) a phenolic resin curing hardener;
25 (C) an inorganic filler;
(D) an aluminum hydroxide flame retardant;
(E) a curing accelerator; and
(F) a releasing agent;
wherein:
30 the epoxy resin (A) is p:esent in én amount of about 0.8’
to about 1.2 times the epoxy equivalents per hydroxyl
group equivalent of the total phenolic resin (B), the

inorganic filler (C) is present in an amount of about 30



20 Aecording to one aspect of the invention, there is provi ded an epoxy |

~.resin conposition for sealing a sem condutor device, conprising: (A an

epoxy resin; (B) a phenolic resin curing hardener; 25 (C) an inorganic
filler; (D) an alum num hydroxide flame retardant; (E) a curing accel erator;
and (F) a releasing agent; wherein: = 304the epoxy resin (A) is present in
an anount of about 0.8 group equivalent of the total phenolic resin (B), the
to about 1.2 té neisoute78poky waighel 68t ehacepbygr @ustini ROVt ilor,! &ihd C)
is present in an anbunt of about 30 to about 75% by weight of the epoxy
resin conposiATHEPYEhehydraFidam iR xFatardant é’aréﬂn@@ﬁn% pregant in

an anount of 8t tfp u 4 g of h y esy :
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~rel easing_agent (F) resent in an anmpunt_of |ess than about 1.0% by
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the epoxy resin composltxon

10 A further aspect of the present invention
~ provides use of the epoxy resin composition for sealing
semiconductor devices. '

Another aspect of the present invention provides

15 a semiconductor device sealed with the epoxy resin

composition.
~ FIGURE
20 Figure 1 is a schematic diagram of a

semiconductor device sealed with the epoxy resin

composition.

DETAILED DESCRIPTION

25
Epoxy resins are well known ‘in the art. The epoxy
resin (A) is typically sélected from the group consisting
of ortho-cresol novolac-type epoxy resin, bisphenol-type
epoxy resin, phenol novolac-type epoxy  resin,
30 multifunctional-type 'epoxy resin, 'fnaphthalené—type epoxy
resin, triazine nucleus-type epoxy resin andr mixtures
there’of‘. Preferably, the epoxy resin (A) is an ortho-
cresoyl novolac-type epoxy resin , represented by the

following Formula I:



FIGURE 20 Figure 1 is a schematic diagramof a sem conductor device sealed

-With the epoxy resin conposition. DETAI LED DESCRI PTI ON 25 Epoxy resins are

well known in the art. The epoxy resin (A) is typically selected fromthe

group consisting of ortho-cresol novol ac-type epoxy resin, bisphenol-type

epoxy resin, phenol novol ac-type epoxy +esis, 30 nultifunctional-type epoxy

resin, naphthal ene-type epoxy resin, triazine nucleus-type epoxy resin and

m xtures thereof. Preferably, the epoxy resin (A) is an ortho cresol

are al so wel

Is preferably am |y. O her
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epoxy resin, naphthal ene type p gt L resin or triazine nucleus type epoxy

resin. A preferred phenol-novolac resin is represented by the following 20

novol ac-type epoxy I egrar esent edwg%%o! | ow gg 3613@.—'" Q RK.
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Formula 11:

wherein n is an inteU# . el ected

from hydrogen, o hal o cuﬁgﬁg har deners
p rdener (B)

conposition of the - hQt

~paraxyl ene 15 nodi fi& 33roxyphenyl het hane type

phenolic resin, dicyclopentadie;giﬁﬁ%% ed phenolic resin, nmultifunctional

wherein
5 n is an intager'of 0 to 10; and
each R is 1ndapendantly selected from hydrogen,
halo, alkyl and haloalkyl.

Phgnolic resin curing hardeners are also well
10  known in thé art. The phenalic resin curing hardener (B)
is prgfarably selected'fxom the phenocl-novolac type resinH
family. Other typical phenolic resin curing hardeners
suitable for the epoxy resin composition of the present
invention include, but are not limited to, paraxylene-
15 modified phenolic resin, tri (hydroxyphenyl) methane type
phenolic resin, dicYclopentadiane—modified phenolic iesin;
multifunctional ,ap#xy tesin, naphthalene type pheholic
resin or triazine nucleﬁs type epoxy resin. A’ preferrk’ed
phenol-novolac resin is represented by the following

20 Formula II:

on OH OH
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Formula IT



OH OH CH2 OH Fornula Il wherein nis an integer of 0 to 10; and each Ris
_independently sel ected from hydrogen, halo, alkyl and hal oalkyl. The term
"hal 0" or "hal ogen" includes a chloro, brono, an iodo or a fluoro atom The
term"alkyl" refers to straight chain, 10 branched chain or cyclic

hydr ocar bon groups having from1l to 10 €ag bon atons, preferably 1 to 6

carbon atons, more preferably 1 to 4 carbon atons. Illustrative of such
al kyl ~ groups are net hwheretimyl , propyl, isopropyl, butyl, isobutyl,
sec-butyl, tart-butyl, pentyl, neopentyl hexyl 15 cyclopropyl

cycl obutyl , cyclopentyP 1&n&“c98¢89@§fo QVFﬁ Fggaﬁﬂdto t he blendlng ratlo
of the epoxy resin ( éaH‘: ge; éo'iﬁhag?ﬁﬁ%'t‘iyr es%l’?a out %&g %?IQSB

t he epoxy resin is used In an anount about 0.8 to

pref erabl y alhalio,0.a83kyd amdluthal.ochlkyies, the epoxy eqw val ents per hydr oxyl
group equivalent of the total phenolic resin (B) I'f the blending ratio of
the epox? resin (A to the phenolic resin curing hardener (B) is outside

this range of anmounts, pReORG: aaaiu@hoés“haioguaabahb&&dagng tBioro, a
deteriorate. A variety of inorganic fillers aré commercially avalféﬁle. The

i norgani ¢ fi Hmemg,Canusiedic mx lae fdpoxy atesi.n conposition is preferably
sel ected fromthe group 30 consisting of fused silica powder; spherical
silica powder; crystalline silica powder; secondary agglonerated silica

~powder; porous silica pg@lerie g | IGARAWEIefers to straight chain,
10 branched chain of cyclic hydrocarbon groups having from 1

o~ to 10 carbon atams; prefsrably 1 to 6~¢arbon atoms, more
preferably 1 to 4 c#rbon atoms. Illustrative of such alkyl

groups are mbthyl ; ethyl, propyl, isopropyl, butyl,

isobutyl, sac—bﬁtyly, tert-butyl, pentyl, necpentyl, h’eyxkyl,

15 cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl. | |

With regard to the blending ratio of the epoxy
resin (A) to the total phenolic resin curing hardenef (B),
the epoxy resin is used in an amount of about 0.8 to abouf.
20 1.2 times,‘prefarably about 0.9 to about 1.1 times, the
epoxy equiva.lents per hydroxyl group equivalent o’f ,1’:ha_
total phenolic resin (B). If the ‘blending ratio of the
epoxy resin (A) to the ‘phenolic resin curing hardener (B)
is outside this r#nge‘ of amouhts, properties such as

25 curability tend to deteriorate.

A variety of inorganic fillers are commercially
available. The inorganic filler (C) used in the epoxy
resin composition is preferably selected from the group

30 consisting of fused silica powder; spherical silica
powder ; crystalline silica powder; ~secondary agglomerated
silica powder; porous - silica powder; silica powder

.obtained by gr‘inding secpndary agglomerated silica powder



obt ai ned by grinding secondary agglonerated silica powder - 7 - or porous
.silica powder and alum na powder and the |like. Fused silica powder,
spherical silica powler and m xtures of these powders are nore preferable.
The amount of the inorganic filler (C) present in the epoxy resin 5
conposition is about 30 to about 70% by-weight, preferably about 30 to
about 60% by wei ght, of the epoxy resin conposition. The use of an anount

in this rangemfpasoust silpeayiptesier hetdnatulehue powdee soldlethad 1SKeSSs
resistance and npldability of the epoxy resin conposition. A though 10
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conposi ti on asarddraine r €iddéant . (The gpemsgdntofl dhun thé hyshang de rdesiabout
21 to about 45% by wejght, preferably about 21 to about 40% by wei ght. The
curing aceel SRHRASIEON ey abehS O ke ePoubo7@Boky wedphteomFefiariabiycan
be any materi l2dN0+8S Lt ~2ECEhES a actgn e ‘
group of the ﬁ:lecfc}i(’:)'%iy 3(rbgsitg (%ogﬁdeét(ﬁie %%rggsﬁﬁgr'ou%?ofgﬁg%ﬁ%’e’%l ir%%%gsi n
curing har dercompgddi tiCur.i rMtheaccsd esfit an Samewdlt f i theal raggee BiEC amdbueity
devices are well kpown i he art of 25 the inyention. Sonme exanples of

n i )
sui tabl e cur iH‘FQ""é'{tLC%I’er%E oce hetween; thapeelderingdcsénesepyesistance
triphenyl phos&h:" 15 Pgn et ' 1 RDVEY a3 yl i3 0}, e
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about 0. 3% by wei ght, of the edt)0>§;)‘l resin conposition. If |ess than about
02% by wei gH"t° offe@ understoo at in the present invention, the

inorganic filler (C) does not comprise aluminum hydroxide.

The aluminum hydroxide is used in the epoxy resin

15 composition as a flame retardant. The amount of aluminum

hydroxide is about 21 to about 45% by weight, preferably
about 21 to about 40% by weight.

The curing accelerator (E) used in thé present
20  epoxy resin composition can be any material as long as it
accelerates the reaction between the epoxy group of the
epoxy resin (A) and the hydroxyl group of the phenolic
resin curing ,hary:dener ' (B) . Curing accelerators used for
sealing semiconductor devices are well known in the art of
25 the invention. Some examples of suitable curing
accelerators  include diazabicycloundecene , (DBU) r
triphanylphoaphine (TPE) . benzyldimethylamine (BDMA), 2- '
methylimidazole (2-MZ) and the like.

30 The amount of curing accelerator (E) used in the
epoxy resin ‘c’ompositipn is about 0.2 to #bout 0.5% by
weight, preferably about 0.3% by weight, of {:he epoxy"
resin composition. If less than about 0.2% by weight of



curing accelerator (E) is used, the hardness of the resulting nolded:
.product decreases and nold rel ease characteristics tend to deteriorate. |f
nore than about 0.5% by wei ght of curing accelerator (D) is used, the
reacti on process proceeds at an undesirably fast rate and the fluidity of
t he epoxy resin conposition tends to decdease. A releasing agent in an
epoxy resin conposition 10 enhances nold release. It also |oosens the .

pol yrmer chai reuming t hiscedaragidrect(B)he ist r eusgid) ofthbhehapdnpslsesioif the
conposi tion, which in turn ;an | ead .t o. runner breaks in fgd ep y reS| n

conposi tions resuling o molded BERAVEE) decFemdfesne ’d?qese‘ﬁ? pof?
conposi tion Dt @  eXd & YARBLESrNRY, 0T 2mERBDI i34 Oﬁb%futbOt h

these types of waxes. For an epoxy resin conposition containing 20 alunm num
hydr oxi de i n GrEunbyof wabglet t leefh dﬁ%.bg vmcgkﬂtenﬁtdme (@poxysr assed, the

conposi ti on, the anmount of rel ea&gg agent sed iin th oxy re5| n
conposi ti8n |rs°’r‘é?§"t HRFPEHVYt PT2°8948y akeATh dr?r’éf apburage2 ang
about 0. 8% byenaeigghtig gr ekReabhy ,?%oqg &rﬁ tcg, 1 {n/ Voddh e
25 of the epoxy ré‘%l n g{)%ogition. ﬁe e oxyere5| n WpOSIJfIOH%th the

anmounts of eatdvmdagere conponents as defined above, particul arly those of
t he al um num hydroxide flame retardant (D) and 30 the rel easing agent (F),
advant ageously achieves a result of V-0 in the relevant Underwiters

Laboratories Inc. standafghddsshng Ug@ft ehhi talne oy éhangaggjnf %m"s',%%tftqur

"Flammabi lity of Plastic Materials for Parts in DeV| ces and Appliances") at
1. Omm whilDe rexihdreces ngo]g:i:o:lelraadabl ikt y!,lso d.apsens rtimepohynek:s chaga,t

from conmponents. (A OXy. resin
~~ P and( t)h g: a?gece Zhe strength of the epoxy resin
composition, which in turn can lead to runner breaks in

molded epoxy resin compositions.

15 ; ; The releasing agent (F) used in the present epoxy
resin composition can be a natural wax, a synthetic wax or

a combination of both these types of waxes.

For an epoxy resin composition conta:.n:.ng

20 alumxnum hydroxide in amount of more than 40% by weight of
the epoxy resin composition, the amount of releasing agent

(F) used in the epoxy resin composition is less than about
1.0% by weight, preferably about 0.2 to about 0.8% by
weight, more préfeﬁably about 0.5 to abont 0.7% by weight,

25 of the epoxy resin composition.

The epoxy resin composition, with the amounts of
each of the components' as defined above; particularly
those of the aluminum hydroxide flame retardant (D) and

30 the releasing agnnt (F), advantageously achieves a result
of V-0 in the ralevant: Underwriters Laboratories Inc.
standard (i.e. kUL-94 entitled "“Standard for Tests for

Flammability of Plastic Materials for Parts in Devices and



5 canp05|t|on may further conprlse i f necessary, various additives such as
.-a silane coupling agent, a coloring agent (e g. carbon black or red iron
oxide), a stress- reducing additive (e.g. silicone oil or rubber), and the
| i ke. Such additives are well known in the art of the 10 invention. In
produci ng t hepresent epoxy resin conpositg on, the individual conponents are
m xed sufficiently and wuniformy using hot rollers, a kneader or simlar
type 15 appamdpplianbes’nolaedloOminehddd rumdmummg hesod ombedaband tgr,ound.
The nol ding material subsequently obtained can be used for sealing of

seni conduct of® -@eviNCeFUnpar Hre%ksy of the term "sealing” is well known in
the art, and would therefore be understood to include coating, insulating
or 20 encapsulating. The term "sem conductor device" as used herein

i ncludes any sol i d- st arpaeite€romanicomponehest (Afakode¢F) ceshe epbagr 2esin
circuits, capacitors, resistors, diodes and,6 25 transistors. Figure 1 shows
a sem conducCORPRSHtEOTs BPEG St they afFé’f“PGF-"-"@[z)ox’yEl r ERPTH RIS f’PSPr‘-"“SO

EXAPLES The siiiatied NYERH! oy Wd | s394n° dESEILAE] didne | oher £83E:10

fol l owing non-Timting | es. y rlesin conposi on
conpri si ng t lagendonmpengnt s:aaﬂ.tomdbli’ehl orl tadd irepeabrdldeh, Tabl etzZebal-ow)

were m xed at roon1teq§§rature using a qlxer. The n1xed epmder was then
kneaded usi nFedusiingadditive, (9t 9, silicone oil er), and the

like. Such add;tlves are well known in the art of the

10 invention.

In producing the present epoxy resin composition,
the individual components are mixed sufficiently kandw
unifomly using hot rollers, a kneader or similar type

15 apparatus. Thé rolled or kneaded product is then cooled
and ground. The molding material subsequently obtained can
be used for sealing of semiconductor devices. The meaning
of the term “sealing” is well known in the art, and would
therefore be understood to include coating, insulating or

20 encapsulating.

The term “semiconductor device” as used herein
includes any sblid-state electronic or electrical devices,
integrated circuits, capacitors, resistors, diodes' and

25  transistors.

Figure 1 shows a semiconductor device sealed with

a layer of epoxy resin composition.
30  EXAMPLES

The present invention will now be described with

reference to the fdllowing non~limiting Examples.



t enperature range between about 80C and about 1300C. The kneaded mixture
.was then cooled and ground to obtain a nolding material. Table 1:

Conmposi tion of Epoxy Resin Conposition of Exanple Conponents of Anbunt epoxy
resin; conposition (A) Cresol novol ac-type epoxy resin of14.71 parts by

wei ght Formula | (Softening point: 55C- gpoxy equivalent: 198g/eq) (B)
Phenolic resin curing hardener of1l.82 parts by weight Fornula Il, reacted
wth 2 parts of TPP (Softening point: 80C, hydroxyl group equivalent:
1049/ eq) (B)_ Phenolic resin curing hardener of 6.28 parts by wei ght Formula
1T (Sof t eni ngEXaBR%e 192C hydroxyl group equival ent: 104g/eq) (C) Fused
silica powder45.42 parts of weight (excluding alum num hydroxide) (30/70

m xture of flake and spherical filler) (D) Al um num hydroxi de30.00 parts of
wei ght (E) 2-Methylim dazol efoRy pardssirof wemngbbitionRel emipiigstgent theuch
as natural 0.70 parts of weight wax, synthetic wax or conbination) Carbon

bl ack (coPor SRR 20F PRt s?%ﬁlﬁve’r gfand; repeatedpinngakdenobrdowirt s

Component s | i Axkea) RCOUAR, telBRru b IS %’ ke L RMIG
powder was then kneaded using a bi-axial roller at a
temperature range between about 80°C and about 130°C. The
kneadéd mixture was then cooled and ground to obtain a

10 molding material.

s
Table 1:
Composition of Epoxy Resin Composition of Example 1

Components of Amount
epoxy resin composition

(A) Cresol novolac-type epoxy resin of 14.71 parts by weight
Formula I ;
{Softening point: 55°C,
epoxy egquivalent: 198g/eq)
(B) Phenolic resin curing hardener of 1.82 parts by weight
Formula II, reacted with 2 parts of TPP
(Softening point: 80°C,
hydroxyl group equivalent: 104g/eq)
(B) Phenolic resin curing hardener of 6.28 parts by weight
Formula TI

- (Softening point: 92°C,
hydroxyl group equivalent: 104g/eq)
(C) Fused silica powder 45.42 parts of weight
(excluding aluminum hydroxide)
(30/70 mixture of flake and
spherical filler)
(D) Aluminum hydroxide ' 30.00 parts of weight.
(E) 2-Methylimidazole - : 0.07 parts of waight
(F) - Releasing agent (such as natural 0.70 parts of weight
wax, synthetic wax or combination) ‘
Carbon black (coloring agent) : 0.30 parts of weight
Silane Coupling agent : ~ ‘ 0.70 parts of weight

15
Examples 2 to 4

The epoxy resin compositions of Examples 2k to 4

comprise the components in the amounts set out in Table 2



(bel ow) . These epoxy resin conpositions were prepared in a sinilar manner to
. the epoxy resin conposition of Exanple 1. The epoxy resin conpositions of
Conparative Exanples 1 to 3 conprise the conponents in the out in Table 2
(bel ow) These epoxy resin conpositions 10 were prepared in a simlar nmanner
to the epoxy resin conposition of Exanpl#1l- Tests All of the Exanples
(Exanmples 1 to 4 and Conparative Exanples 1 to 3) were then subjected to
foll owi ng teqbealowle Mhrise apaixyVredimreompa tSitinere gadperad (bal aw) .
Sprial Fl ow Measur enent Thi s test was conducted on an anount_of each epoxy
resin conposisifddazuiannefy E0a the |eRIFE kFREIN o roRpeFi tiony afmExampLe, 5|
flow nol d diq was placed in a nolding machine and heated up to about 1750C.
When the tenperature reached about 175 2C, the epoxy resin conposition was
poured into a transfer pot and a plunger was |owered. The 30 epoxy resin
conposition was nol ded for abqut 120 seconds and then the nold press was
opened. The 3 ‘efnﬂ £8 Bhe | ustrous tip) was neasured after
the nold die

The epoxy resin compositions of Comparative
Examples 1 to 3 comprise the components in the amounts set
out in Table 2 (below). These epoxy resin compositions

10 were prepared in a similar manner to the epoxy resin

Fas composition of Example 1.
Tests
15 All of the Examples (Examples 1 to 4 and

Comparative Examples 1 to 3) were then subjected to the
following tests, the results of which are also set out in

Table 2 (below).
20 e Spiral Flow Measurement

o~ This test was conducted on an amount of each
epoxy resin composition, which gave a cull thickness of

about 3 + 0.3mm.

25

A spiral flow mold die was placed in a molding
machine and heated up to about 175°C. When the temperature
reached about 175 * 2°C, the epoxy resin composition was
poured into a transfer pot and a plunger was lowered. The
30 epoxy resin composition was molded for about 120 seconds
and then the mold press was opened. The spiral flow length

(up to the lustrous tip) was measured after the mold die



- 12 was taken out fromthe nolding machine. Flammbility Test
(Underwiters Laboratory flammbility rating; UL-94 V-0, UL-94 V-1) From
each Exanpl e of epoxy resin conposition, five specinmens with di nensions of
about 127mm x 12. 7nm x 1. 0mm were nol ded using a 37 ton nol di ng nmachi ne.
Before the test was conducted, all speeinens were treated at the foll ow ng
condition: tenperature of about 23 2C with about 50 5% relative humdity

for at |east wis haiken odiadrapatiaTaid i mvabdtheertical ly and burnt 15
for about 10 0.5 seconds. A record was taken of the flamng tine and of
any burnt residue dropping of each specinen. After the flam ng of the

speci nens di ed out, the,burner, was i di ately pl aced under the speci nen
hARTR LA, TS,

agai n. The bu' ner was t 10 seconds and a record 20 was

taken of the flam ng tifBhdddia ey mgfs%&gdﬂkm&%ﬁugg}t zfa%ghy}e

droppi ng of each specinmen. The same procedure was repeated”for
speci mensy I n order t&Lpdsk Vit UL-P4 V-J) the results nust be within the
following criteria. :

From each Example of epoxy resin compositidn,
five specimens with dimensions of about 127mm x 12.7n‘un,~x
1.0mm were molded using a 37 ton molding machine . Before

10 the test was conducted, all specimens were treated at ‘the

-~ following condition: temperature of about 23 + 2°C with
about 50 * 5% relative humidity for at least 48 hours.

Each specimen was clamped vertically and burnt

15 for about 10 % 0,5 secdnds. A record was taken of the
flaming time and of ’ any burnt residue dropping of each
specimen. After the flaming of the specimens died out, the
burner was immediately placed under the specimen again.
The burner was removed after about 10 seconds and a record

20 was taken of the flaming time, the glowing time and of any

burnt residue dropping of each specimen.

The same procedure was repeated for all
specimens. |
25
In order to pass the UL-94 V-0, the results must

be withiny the following criteria.

Criteria conditions V-0
After-flame time for each individual specimen t; |< 10 seconds
or t, e
Total after-flame time for any condition set < 50 seconds
(t; plus t; for the five specimens)




Criteria conditionsV-0 After-flame tine for each individual specinmen tl< 10
seconds or t2 Total after-flame tine for any condition set< 50 seconds (t1
plus t2 for the five specinens) 13 After-flame tinme plus after-glow tine
for each< 30 seconds individual specinmen after the second flane application
(t2 + t3) After-flanme or after-glow of -amg speci men up toNo the hol di ng
clanp Mol dability Check Tablets having a dianmeter of about 40nm and
wei ghi ng abJAftexgfeamd tievee plaseoafteargllbe eTFoeSeatn CONTYAS3Y Q8Sonds
‘| individual specimen after the second flame
application (ts + t3)

After-flame or after-glow of any specimen up to No
the holding clamp

. Moldability Check

Tablets having a diameter of about 40mm and
5 weighing about 65g each were made from the Examples of

epoxy resin compositions.

These tablets were molded on a 100LQFP with a
dummy leadframe at a temperature of about 165°C for about
10 100 seconds.

With regard to the results, the term “GOOD” was
used to indicate that no runner break occurred after ﬁhe
ejected pins were ejected out and the term “WNG” was used

15 to indicate that runner breaks occurred after the ejected

pins was ejected out.

Tablets prepared from the Examples of epoxy resin
— compositions, each having a diameter of about 48mm and
20 weighing about 759, were used to seal TEG die for 16p PDIP
devices (16-pin Plastic Dual 1Inline Package). These
assembled units were then subjected to the following High
Temperature Storage Test (HTSL) and Pressure Cooker Test

(PCT) .

25

. High Temperature Storage Test (HTSL)

The sealed 1l6p PDIP devices were stored in a

controlled elevatad temperature (up to about 175°C) for an



These tablets were nolded on a 100LQFP with dummy | eadfrane at a tenperature
of about 165C for about 10 100 seconds. With regard to the resulys, the
term "GOOD" was used to indicate that no runner break occurred after ejected
pins were ejected out and the term"NG' was used 15 to indicate that runner
breaks occurred after the ejected pins was-ejected out. Tabl et s
prepared fromthe Exanples of epoxy resin conpositions, each having a

di ameter of abénddiimtime J0pveicghabguib600 Hghrslereitheédtt @1eR¥ritaE die
for 16p PDI P devices (16-pin Plastic Dual Inline Package). These assenbled

units were tRRSubjitiesyalo mesifEhanss npessyr rmee Sadenge andst
HTSL) and Pr. (%leé[ CT 5 ature or,
gl'est %HTSL) e seglf %ﬁ%‘#@x\ﬁ)l c‘)é'fg!‘{l/\lfe':ﬁtem’rs)toreg}!;I Hf?’ST’I 8%- éﬁ%%/at ed

tenperature (4gut.0 about 1750) for an 14 extended tinme (up to about 500
hours) wi thout electrical bias. Interval resistance nmeasurements were taken
and finaP measurements were conducted at the conclusion of the test.

Damage, such as package cracks, junction thermal
resistance increase or depolymerisation were considered a

failure.
10 e Pressure Cooker Test (PCT)

Sealed 1l6p PDIP devices were stored in saturated
steam, at a pressure of about 103 + 7kPa and a temperature

of about 125°C in a sealed autoclave containing deioniséd
15 water. The devices were suspended at a minimum height of
about 1lcm above the initial water level in the chamber.
Interval electrical measurements were made and the devices

were stored for up to about 100 hours.

20 Failure was considered when an open circuit was
detected and by external degradation of the packages, such
- as corroded device leads or the formation of conducting

matter between the leads.

25 Table 2:

Composition of Epoxy Resin Compositions

and Results of Tests

Formulation Unit

Cresol novolac-type epoxy % |14.7 (14.3|~ 12.8}- 14.314Q3
resin (Softening point: 55°C,




Damage, such as package cracks, junction thermal resistance increase or
depol yneri sation were considered a failure. 10 Pressure Cooker Test (PCT)
Seal ed 16p PDI P devices were stored in saturated steam at a pressure of
about 103 7kPa and a tenperature of about 125C in a seal ed autocl ave
cont ai ni ng dei oni sed 15 water. The devicgs were suspended at a m ni num

hei ght of about 1cm above the initial water level in the chanber. interval

el ectri cal poiy eddiivalent e 198 eand tihe devicep re gtordd fof up|to
about 100 hours. 20 Failure was consi dered when an open gircuit was detected
and by ext erjeabséEgiadaacotypd ddeaypacklages |- such asiea|+odddedeli celd eafls
or the for e98n OfsrdRAlRY | peintTR bR, bet wgen the | eads. 25 |Tablje 2:
Conposi ti on QLQEPOéq&J@ﬂibﬂt Tnggbhbons of Tests| For frul at|i on {Cr esjol
novol ac-t ype i AP HHTEREN T (PO [il% 5 B2 18 el 118 [0
equi val ent : gg g§ ovolac tyjpe epoxy% 16. 4-16./4- rjesin (S t ening
poi nt: 70C, éhé\nﬂ e 0g/ eq) | Phenolicjresiin cyring
react ed%. 81e(§2§§3n { E SBﬁat'h of Parts of TTP (Softerning |poinf: 8pC,
epoxy equivalen
Phenolic resin curing hardener $ |6.3 5.7 |~ 5.2 |~ 5.6 |5.6
(Softening point: 92°C,
epoxy equivalent: 104g/eq) :
Phenolic resin curing hardener & = - 6.3 |- 6.3 |- -
(Softening point: 110°C,
epoxy equivalent: 104g/eq)
Fused silica powder % |[45.4 ]41.4132.9(52.9 61.2 41.1(28.1
- Aluminum hydroxide % (30 35 40 |25 |11.2;35 .48
2-Methylimidazole % 10.07{0.05|- 0.05)~ 0.03}-
Releasing Agent (Natural wax % (0.7 (0.7 (0.7 |0.7 [1.2 [1.2 {0.7
or Synthetic wax or
combination of both) :
Silane Coupling Agent % (0.7 (0.7 10.7 |0.7 |0.7 j0.7 (0.7
Carbon black (coloring agent)| % (0.3 0.3 [0.3 |0.3 (0.3 (0.3 (0.3
Others (Low .stress additive, % |- - 0.5 0.5 |0.5 |- 0.5
etc)
Properties
Spiral Flow cm |70 60 60 150 |60 |70 60
UL-94 Flammability Test (3.2mm) [VO/Vi[V-0 |[V-0 [V-0 |[V-0 |[v-1 |[V-0 |[v-0
-~ UL~94 Flammability Test (1.6émm) [VO/V1V-0 [V-0 |V-0 (V-0 |V-1 |Vv-0 {V-0O
UL-94 Flammability Test (1.O0mm) [VO/V1i|lV-0 (V-0 [v-0 |v-0 [v-1 |v-0 [v-0
Moldability (Runner Break) = |Good |Good|Good|Good|Good|NG | |NG
chack on 100LQFP ;
HTSL @ 500bhrs ‘ - (0/10(0/10{0/10/0/10|0/10{0/10|NA
(175°C, 16p DIP, SiN)
PCT @ 96hrs - 10/10(0/10{0/10/0/10{0/10{0/10|NA -
(121°c, 100% RH, 20V, 16p
DIP, SiN)

It will be understood by persons skilled in the
art of the invention that many modifications may be made
without departing from the spirit and scope of the

5 invention.



epoxy equival ent: 104g/eq) Phenolic resin curing hardener%b. 35.7-5.2-5.65.6
(Softening point: 92C, epoxy equivalent: 104g/eq) Phenolic resin curing
har dener % - 6. 3-6. 3-- (Softening point: 110C epoxy equival ent: 1049/ eq)
Fused silica powder %15.441. 432. 952. 961. 241. 128.1 Al um num

hydr oxi de3035402511. 23548 2- Met hyl i m dazqglge -0. 070. 05- 0. 05- 0. 03- Rel easi ng
Agent (Natural wax%.70.70.70.71.21.20.7 or Synthetic wax or conbination of
bot h) Sil ane dc3amMs ng Agent 0. 70. 70. 70. 70. 70. 70. 7 Carbon bl ack (col oring
agent ) %9. 30. 30. 30. 30. 30.30.3 O hers (Low stress additive, % 0.50.50.5-0.5
etc) Properties Spiral Floncn70606050607060 UL-94 Flanmability Test (3.2nm)
VO/ V1V- OV- OV- OV- 0V- 1V-0V-0 UL-94 Fl anmability Test

(1. 6nm) VO VI\E OV- OV- OVARV- lab&iy 0 Wesh Fl eolipdéition Tegor(l S8Ming a
VO/ V1V- OV- 0V- OV- OV-1V-0V-0 Mol dability (Runner ‘

Br eak) - Good RGBS AeNCoh@sopsi si®a:QFP  HTSL @ 500hr s

-0/ 100/ 109/ 100/ 100/ 100/(%8NAaH75Cx 16p DIP, SiN) PCT @96hrs

-0/ 100/ 100/ 100/ 100/ 100/ ¥NA XL PRE*Y1 GB R4 20v, 16p DIP, SiN) It will be

under st ood by persons gl I,Q_dﬂug,ﬂlqc 3els i@l i€ nighhalidedla i hat many
nodi fications may be nmade w thout departing fromthe spirit and scope of
t he (C) an inorganic filler;
(D) an aluminum hydroxide flame retardant;
(E) a’curing accelerator; and
10 (F) a releasing agent;
wherein:
the epoxy resin (A) is present in an amount of about 0.8
to about 1.2 times the epoxy equivalents per hydroxyl
group equivalent of the total phenolic resin (B), the
15 inorganic filler (C) is present in an amount of about 30
to about 75% by weight of the epoxy resin composition, the
aluminum hydroxide flame retardant (D) is present in an
amount of about 21 to about 45% by weight of the epoxy
resin composition, the curihg accelerator (E) is present
20 in an amount of about 0.2 to about 0.5% by weight of the
epoxy resin composition, and the releasing agent (F) is
present in an amount of less than about 1.0% by weight of

the epoxy resin composition.

25 2. An époxy resin composition according to claim 1,
wherein the amount of aluminum hydroxide is about 21 to

about 40% by weight of the epoxy resin composition.

3. An epoxy resin composition according to claim 1
30 or claim 2, wherein the amount of releasing agent (F) in
the epoxy resin composition is about 0.2 to about 0.8% by

weight of the epoxy resin composition.



invention. 16 CLAIMS: 1. An epoxy resin conposition for sealing

~seni conduct or device, conprising: (A an epoxy resin; (B) a phenolic resin
curing hardener; (C an inorganic filler; (D) an al um num hydroxi de flane
retardant; (E) a curing accelerator; and 10 (F) a rel easing agent; wherein:
the epoxy resin (A) is present in an awrognt-of about 0.8 to about 1.2 tines
t he epoxy equival ents per hydroxyl group equivalent of the total phenolic
resin (B) , the 15 inorganic filler (C is present in an anount of about 30
to about 75% by wei ght of the epoxy resin conposition, the alum num

hyd i de fl t ar dant | . . t bout
45% by wei gt 'of the e Tk TeLaty SemplafBiof (UUEL-ALnd MY Sy Bufe)!

present 20 i pfantkevpiecedingowildins | owRE08in0.th¥ bypary OResih t (®) epexy
resin conposition, and the rel easing agent (F) is present in an anmount of

| ess than ab&@lertesd byfnemghtthef tgecupoxponedstivgnpef t i omtho2sresoin
epoxy resin co sition according to claim.l wherein the amount of .

al umi num %ydf"@)@?’g‘@q Q:Ymoutep_ﬂ‘yt o *ehidtn %%W%ﬁ grPof BRE*EpoXPSilsin
COMPOSi ti0N. phen®l EPRSVYoI1&E: EyEe TPBPoklyON ACLH di NGyl i LAkl bna3degbel! ai M
2, wherein the anount of releasing agent (F) in the epoxy resin conpdSition

i s about 0. 2epoxgboutediBdo bynaphdihgiliens-tiyipe epepyxyesiresionpositriazine

nucleus-type epoxy resin and mixtures thereof.

10 5. An epoxy resin composition according to claim 4,
wherein the epoxy resin (A) is an ortho-cresol novolac-

type epoxy resin, represented by the following Formula I:

RANC L RA D R ¢
RO OO

15 wherein
n is an integer of 0 to 10; and
each R is indapendently selected from hydrogen,
halo, alkyl and haloalkyl.

20 6. An epoxy resin composition according to any one
of the preceding claims, wherein the phenolic resin curing
hardener (B) is selécted from paraxylene-modified phenolic
resin, tri(hydroxyphenyl) methane +type phenolic resin,
dicyclopentadiene-modified phenolic resin, multifunctional

25 epoxy resin, naphthalenthype phenolic resin or triazine

nucleus type epoxy resin and mixtures thereof.



17 4. An epoxy resin conposition according to any one of the preceding
~cldinms, wherein the epoxy resin (A is selected fromthe group consisting
of ortho-cresol novol ac-type epoxy resin, bisphenol-type epoxy resin,
phenol novol ac-type epoxy resin, multifunctional-type epoxy resin,
napht hal ene-type epoxy resin, triazine- jguel eus-type epoxy resin and

m xtures thereof. 10 5. An epoxy resin conposition according to claim4,
wherein the epoxy resin (A) is an ortho-cresol novolac type epoxy resin,

represented by the following Formula I: 15 wherein nis an integer of 0 to
10; and each I s i ndegen y .ec from: hydr N, halo, _al kyl _.and
hal oal kyl . 0 6. An e%%xgsgé iﬁzggﬁp%gngggg%8§o?§?§§d%8ga%% Siglxop’the

precedi ng cl 3indrei @ PHetd1AkReRQlsih CATiAgC HarBaneRaN(BFNEE OB) the

sel ected from paraxyl ene-nodi fi ed phenolic resin, tri(hydroxyphenyl)

met hane t ype foddiwmling Fesimla dilcycl opent adi ene-nodi fi ed phenolic resin

mul tifunctional 25 epoxy resin, naphthal ene type phenolic resin or triazine

nucl eus type epoxy resimmnd m xtures theogof. 7. An epoxy resi n conposition
according to claim®, erein the phenolijc resin curing hardener (B) is of

the follow ng Forrul a . wherein nRis i nteger of Gto 10k and each R is
I ndependently sel ect r hydngen, ~ ] ‘

Formula II

-~
5
wherein
n is an integér of 0 to 10; and
each R is independently selected from hydrogen,
halo, alkyl and haloalkyl.
10
8. An epoxy resin composition according to claim 7,
wherein the phenolic resin curing agent (B) is a mixture
of compounds of Formula II.
PN 15 9. An epoxy resin composition according to any one

of the preceding claims, wherein the inorganic filler (C)
is selected from the group consisting of fused silica
powder; spherical silica powder; crystalline silica
powder; secondary agglomerated silica powder; porous
20 silica powder; silica powder obtained by grinding
secondary agglomerated silica powder or porous silica

powder and alumina powder; and mixtures thereof.

10. An epoxy resin composition according to claim 9,

25 wherein the inorganic filler (C) is fused silica powder,



hal o, al kyl and hal oal kyl. 10 8. An epoxy resin conposition according to
claim7, wherein the phenolic resin curing agent (B) is a mxture of
conmpounds of Formula Il. 15 9. An epoxy resin conposition according to any
one of the preceding clainms, wherein the inorganic filler (C is selected
fromthe group consisting of fused silicagpewder; spherical silica powder;
crystalline silica powdler; secondary agglonerated silica powler; porous 20
silica powder; silica powder obtai ned by grinding _secondary aggl omerated
silica powderPReriGady$idiliGa: ROWISRIOF InBiXtYxPnEPBERQEr: and mi xtures
thereof. 10. An epoxy resin conposition according to claim9, 25 wherein the
inorganic filler (C is fused silica powder, spherical silica powder or
a mxture thaieof. 11. AAN ety refim coMposition aeeordifg [t aayyObfe Of
the preceding clains, wherein the curing accelerator (E) is selected from
the group co®fi sthagRiFecetingbripingunddenedn DBy, qunigiengrephdephitos

(TPP), begnzyldi net.hyl am BVA) d 2-nmet.hylim dazole (2-MZ),.12. An_epoxy
resin con%psi on %ordﬁ%é&?@ny & 10 BH thegxﬁ?‘é'%edi%‘@nﬂf‘%?:ﬁﬁ? wh&fei n
the rel easi ngiaGaBk dylel cuhdddedlelr al(pwdy, a t¥RpRehiIpHB%pRind COMTRpRFL I ON
of both types of waxés. 13. An epoxy resin conposiiion according to any one

15 of the préeadylgivedhysdaminer (BDMANe agdo2yme¢ébyidlimidazole (2-M2Z) .

12. An epoxy resin composition aécording to any one

10 of the preceding claims, wherein the releasing agent (F)
P ;

is a natural wax, a synthetic wax or a combination of both

types of waxes.

13. An epoxy resin composition according to any one
15 of the preceding claims, wherein the epoxy resin

composition passes the UL-94 flammability test at 1.0mm

thickness.

14. Use of an epoxy resin composition as defined in
20 any one of claims 1 to 13 for sealing semiconductor

devices.

15. Use according to claim 14, wherein the

semiconductor device is a solid-state electronic or
25 electrical device, integrated circuit, capacitor,

resistor, diode or transistor.
16. A semiconductor device sealed with a layer of an
epoxy resin composition as defined in any one of claims 1

30 to 13.

17. A semiconductor device according to claim 16,



conposi tion passes the UL-94 flammbility test at 1.0nmmthickness. 14. Use
.of -‘an epoxy resin conposition as defined in 20 any one of clains 1 to 13
for sealing sem conductor devices. is. Use according to claim 14, wherein
the sem conductor device is a solid-state electronic or 25 electrical
device, integrated circuit, capacitor,- pesistor, diode or transistor. 16. A
sem conductor device sealed with a |layer of an epoxy resin conposition as
defined in any one of claim30 to 13. 17. A sem conductor deyice according
to clai m 16, whexg@imhethe n kaxen arff APVROxFIER n CORRGSHFHon hggs a

thi ckness of 3..0mm or_ | . , i.conduct or device according to claim
17, wherein tti‘éqrﬂz%}fgrs #?ﬁggi resiﬁ'%@gdrrposi tion has thickness of 1.0mm or

| ess.
18. A semiconductor device according to claim 17,
5 wherein the layer of epoxy resin composition has a
thickness of 1.0mm or less.
ﬁ



