-.1 . EPOXY RESIN COVPCSI TION TECHNI CAL FI ELD 5 The present invention
'rel ates to an epoxy resin conposition for sealing sem conductor
devices, and to a sem conductor device seal ed by an epoxy resin
conposi tion. BACKGROUND 10 Existing epoxy.,resin conpositions are

i nherently flammble and therefore requir% the addition of a flane
retardant to reduce flammabilit\apdka, %g%fﬁ”éﬁﬁ%déEhﬁ&@cess of

pl astic essentially starts by ' or so called
pyrol ysis endotherm c processes and deconposition. Flammbl e gases
t hat forn1froggk&iggkgiéiéﬁagact wi th oxygen in the air, which then
ignite, |eadi rmc processes of 20 flane propagation
and heat release. Only a few types of flane retardants are used in

epoxy resin conmpositions: flanme retardants_ containing halogen, flane
ret ar dant s°cont ai ni ng pfESpHRFDIRDE f LRNEP DEORFRAFEREs TONPAI APRGY Tesin

nitrogen, andJppraanic,]| 2ge eliafdant %mﬁ%lag.du%tﬁ'l &YH68d; and to a

Synergi sts conpri'sing a hal ogen contal ni ng ane retardant (and In
particul ar t hcsamicmmdiigliony dyroinaeaimtl B0 amn apv:{noms ok | aterdsifpion .
retardant are conmonly used in industry; they show good flame
retardancy but generate harnful products when burnt, including

hydr ogen br omzxegmhybr om ne di benzof urans, and pol ybrom ne

di benzodi oxi n§. - 2 Furthernore, antinony oxide is suspected of

being a

Existing epoxy resin compositions are inherently
flammable and therefore require the addition of a flame

retardant to reduce flammability.

15 The combustion process of plastic essentially
starts by an endothermic reaction or so called pyrolysis
endothermic processes and decomposition. Flammable gases
that form from the plastic react with oxygen in the air,
which then ignite, leading to the exothermic processes of

20 f£lame propagation and heat release.

Only a few types of flame retardants are used in
epoxy resin compositions: flame retardants containing
halogen, £lame retardants containing phosphorous, flane

25 =retardants containing nitrogen, and incrganic  f£lame

retardants (e.g. metal oxides).

Synergists comprising a halogen containing f£lame

retardant (and in particular those containing bromine) and

30 an antimony oxide flame retardant are commonly used in
industry; they show good flame retardancy but generate
harmful products when burnt, including hydrogen bromide,

polybromine dibenzofurans, and polybromine dibenzodioxins.



carci-nogen. Non-hal ogen containing flane retardants 5 (containing,
‘for exanple, nitrogen and phosphorus) have been devel oped, but these
rel ease corrosive and partly toxic conmpounds when burnt, such as
nitrogen oxi de and phosphoric acid. 10 Al um num hydroxi de, which is
environnental ly friendly and non-toxic,” retards a fire mainly due to

its endotherm c.deconpaositi Lo alum num oxi de an er: 2A1( 3
AL208° 1 3100 TIGHTETTNERS | FOHRREY o Th ik es DTRSaCEE: W2hn ZRSLE =
180C and 200carQdmageira t he endot herm ¢ breakdown of al um num

hydr oxi de, the pol ymer conponent of the epoxy resin conposition
cont ai ni ng al um ni um hydroxide is cooled, so 20 fewer pyrolysis

products are forned. Al yghougneykde, | eodthidiRN 10 PLOHFUCI NOretardants
charring, acts as an insulating™ protective layéer. Furthernore, water

vapor forned i(renfeindagonpbetrt irrmlie he ndtgegsnuneheg dmdxisthagusi ebave

Composi 11 on. 7898003 RLEBR: oy s ey CRELEBR Vet RRdine) ana, pagtiy

as a fl ane retakdant comipatindpoxsharesbarneonposeh i az. dherepeny aeixle and
conposition copprises 5-20wt % 30 of al um num hydroxi de based on the

total resin BBRFBECEEGN 2% use of this amount of al umi num

hydroxi de in the epoxy resin conposition achieves the rel evant
Underwriters Laboratories Inc. standard (i.e. UL-94 3 entitled
"Standar dl@ or Tests for Airminm | ikydnsxidepst jwhich is environmentally

friendly and non-toxic, retards a fire mainly due to its

endothermic decomposition to aluminum oxide and watex:

231 (OH)3 —» BAl.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 containing aluminium hydroxide is cooled, so
20 fewer pyrolysis products are formed. Aluminum oxide, 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 gases given off by the burning epoxy resin

25 compesition.

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

30 of alvuminum hydroxide based on the total resin
composition., The use of this amount of aluminum hydroxide
in the epoxy resin composition achieves the relevant

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



Materials for Parts in Devices and Appliances”) at only 3.2nm
*thickness. \Wen the epoxy resin conmposition conprised |less than 5%
the material failed the UL-94 5 flammability test; if the alum nium
hydr oxi de content was nore than 20% the material had poor

mol dability and a low value on hot hardnéss. For the UL-94

flammabil ity test,. as the thickne f the test pieces,decrea .
the arrticul 155 For B olie e Fr, Mhelhe s FLpmReBLI T U BRustic
the present imseatialst Foxprbikde amh epexjceesSianhdOonppiishods”) at only
conprising an_inorganic. .15 flame_retardant that can pass the UL-94

flammability Be$P™ at*RESFRFFTi caltiSP | e588r (PR TVKhes SESIPMARITPOBL ELon
According to QpRpa3ReAl DistheHdlyerly onchENehLred SaPr @W AN ARLEPOYY.-04
resin conposition for sealing a sem conductor device, conprising:

(A) an epdxy fésmmabiBity Hestol i%f r bké nadumingupahdsiroxide grdienn was
inorganic filler; a | ug, nuUMm [:QX% I r g?:g%i' ( a
curing accel erpéf%r;gzgéﬁdag %)’ ant1h r%en’“é‘}}s%i‘%&ag’gﬁ ;Paorgsﬁler?(;e%\: %%e%%o%ylow
resin (A) is paksenbni hoganhapdnessof about 0.8 to about 1.2 tines

t he epoxy equival ents per hydroxyl group equivalent of the total
phenolic resin (B), the inorganic filler (C) is present in an anount

?L about 30 4 to aboutpds%hy WELIAt £OhnhEEiEPEY¥Y:EEE] Na§0ARESLELEness
e
10 of the test pieces decrease, the difficulty for passing

this test increases.

It is an object of the present invention to
provide an epoxy resin composition comprising an inorganie
15 flame retardant that can pass the UL-%4 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
“;emiconductor device, comprising:

e (A) an epoxy resin;
(B) a phenolic¢ resin curing hardenexn;

25 (C} an inoxganic filler;

{D) an aluminum hydroxide flame retardant;
{B) a curing accelerator; and
(¥) a releasing agent;

wherein:

30 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

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



al umnum hydroxi de flame retardant (D) is present in an anount of
about 21 to about 45% by wei ght of the epoxy resin conposition, the
curing accelerator (E) is present 5 in an anount of about 0.2 to
about 0.5% by weight of the epoxy resin conposition, and the

rel easing agent (F) is present in an amoint” of |ess than about 1.0%
by wei ght of h X e Si . he
present i nvents ol Bror de b dB Y 168 Al b et ARRG floh  ene
sealing sem sbasdistar ieltcesie Aﬂmhjner zﬁﬁ:pﬁﬁlarﬁ:f {bp preespfésent in an

I nvention prOV|des 15 a senjcqnduct or  devi ce seal ed with the epoxy
resin conpostPPBRE BfGRR® rq20%% gt? e 2PopE f%%hgﬂ'at"feﬁ"ﬂ?fag?gm a®PoxyY
sem conduct Orrégihc%oﬁgﬂs@.%w:i h the epeXWhgl efddblLHUROS| KEPN.is present
DETAI LED DESCRI PTI ON 25 Epoxy resins are well known in the art. %’
epoxy resin -'(-#\) apg aF%PmrttalcPﬁ/ %’é‘P‘éét 8d2fr":@rnﬂhf§-”«'gr%u§%cbm’sﬁ@tlﬂbg= Qﬁ the
ort ho-cresol a e h |- X [

phenol novol a %e%eép%&%y §§§§¥s£§%bml t ﬁngﬁ%ona typn%%ce)p% %/Sirieg(lFr{ is
napht hal ene- t;y.ﬁesepﬁx;ln a@s ianodrry azf Nkessicthas- hppetedoOd nesiweigidc of
m Xt ures thereof Preferably, the epoxy resin (A) is an ortho-

cresol novol at® ?yﬁ@c’ﬁ%of?s?%sizﬂmp?ﬁbfg ént ed by the follow ng

Formula I: 5 QL . IN

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
semiconductox device sealed with the epoxy  resin

composition.

DETAILED DESCRIPTION

25
Epoxy resins are well known in the art. The epoxy
resin (A) is typically selected from the group consisting
of ortho-cresol novolac-type epoxy resin, bisphenocl-type
ePORyY resin, phenol novolac-type epoxy resin,
30 multifunctional-type epoxy resin, naphthalene-type epoxy
resin, triazine nucleus-type epoxy resin and mixtures
thereof. Preferably, the epoxy resin (A) is an ortho-
aresocl novolac-type epoxy <resin, represented by the

following Foxmula I:



U Una Ht ~|

t he phenol -

wherein 5 nis an integer of 0 to 10; and each Ris
“independently sel ected from hydrogen,
Phenolic resin curing hardeners are also well
The phenolic resin curing hardener (B)
‘ novol ac type resin
curing hardeners

hal o, al kyl and hal oal kyl .

10 known in the art.
% preferably selected from
famly. & Rer typi cal phenolic resin

suitable for the epoxy re5|n conposition of the

present invention i 1?;
nmodi fi ed phenolic re ]
resin, dicyclo I fiedyg | tifuyncti I

epoxy resin,
type epoxy resi
the foll ow ng
wherein n is an inbege
sel ected from hydrogen, ,
or "hal ogen”

10

15

20

n cl eus
ent ed by
: all 6 -
of Ofto 10; =& I
al kyl al kyl . erm " hal o"

an iodo or a fluoro atom

i ncl udes a chl oro, ]%I'[ﬁ}é.

wherein
n is an integex of 0 to 10; and
each R is independently selected from hydrogen,

hale, alkyl and haloalkyl.

Phenolic resin curing hardeners are also well
(B}

is preferably selected from the phencl-novolac type resin

known in the art. The phenolic resin curing hardener

family. Other typical phenolic resin curing hardeners

suitable €for the epoxy resin composition of the present

invention include, but are not 1limited to, paraxylene-

modified phenclic resin, +tri(hydroxyphenyl) methane type

phenolic resin, dicyclopentadiene-modified phenolic resin,

muzltifunctional epoxy resin, naphthalene type phenolic

resin or triazine nucleus type epoxy resin. A preferred

phenol-novolac resin is represented by the following

Formula II:

OR OH CH

R e R%\l W)
I

Formula 1II

c



The.t'erm "al kyl" refers to straight chain, 10 branched chain or
“cyclic hydrocarbon groups having from1l to 10 carbon atons,
preferably 1 to 6 carbon atons, nore preferably 1 to 4 carbon atons.
Illustrative of such al kyl groups are nethyl, ethyl, propyl,

i sopropyl, butyl, isobutyl,,sec-butyl, tert-butyl, pentyl,
neopentyl, hexyl, 15 cyedop{,opyl, cyclobutyl, cyclopentyl, and

cycl ohexyl. Wth regard to the blending ratio of the epoxy resin (A
to the total phenolic resisn zwrimgeder dehe? ¥W)10; tardepoxy resin is
used in an amount of about, 0.8 .to0 ab 20 1.2 ti r.ef I

about 0.9 to about 1.1 ??%%SF t'fe l%éﬁgﬁpé%ﬁﬁ%%Jggﬁgbggﬁ ﬁ?&%ﬁk%?drogen’
group equi valieaie pfallel saflahapbeibRyic resin (B). If the blending
ratio of the epoxy resin (A) to the phenolic resin curing hardener

(B) is od@tside this range of anobunts, properties such as 25

curability tend to detephOralen *hyBE+ &by qiai&%é&ani&ciﬁaégré @hforo, a
commercially available. The inorganic filler (C) used in the epoxy

resin conposibromoi saprébdeabryastlueredatedmm t he group 30 consisting

of fused silica powder; spherical silica powder; crystalline silica
powder; secondary agglonerated silica powder; porous silica powder;
silica powder obtainedriby gtéssli nGalkgardamefegyl oner ateidrsidhica chain,

powder 7 or porous silica powder d g%ﬁgina owder and t%%FLike. 1
Pused si L0ca BERRERsasFhERPoRAT Y5 LA PRHEEPS O FEEFBE M6 PO
powders are npge;pr el B4 €ardhe, apRPUREab1ihe Ed105023BGh |d@md Omore
present in the epoxy resin 5 conposition is about 30 to about 70% by

wei ght, pref epebfgrabbpul 30 tho carier G0wrs- b igHtraiitn e pingh alkyl
resin groups are methyl, ethyl, propyl, isopropyl, butyl,
isocbutyl, sec-butyl, tert-butyl, pentyl, neopentyl, hexyl,

15 eyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl.

With regard to the blending ratio of the epoxy

resin (4) to the total phenolic resin curing hardemer (B),

the epoxy resin is used in an amount of about 0.8 to about

20 1.2 times, preferably about 0.9 to about 1.1 times, the

epoxy equivalents per hydroxyl group equivalent of the

total phenolic resin (B). If the blending ratio of the

o epoxy resin (A) to the phenolic resin curing hardener (B)
is outside this range of amounts, properties such as

25 curability tend to deteriorate.

A wvariety of inorganic fillers are commercially
available. The inorganic £iller (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 grinding secondary agglomerated silica powder



conposition. The use of an anount in this range of anmounts provides

*a bal ance between the soldering stress resistance and noldability of

t he epoxy resin conposition. Although 10 inorganic fillers may

conprise al um num hydroxide, it is to bevunderstood that in the

present invention, the inorganic filler ('C) does not conprise

alum num hydr 9x! §8xolile A HIRDUMLNMIEOXNGC d Skt pOWAOE SRAMHESL Dke.
15 conp05|t|on a ane retar The anount of “al um num

hydr oxi de i s Ebsed 2iﬂmuaﬂgnﬂdeﬁm@$gha31g@1 spiatar pokgleralzod mixtnres

about 40% b Th I t d h
20 epoxy re}sll‘ﬁ c%ﬁ"&fﬁ tgﬁ‘%&%%%gﬁg:%c%&%t g’rﬁ %F)’S‘gifeemlg t e gre%e of the

accel erates tbﬁof agtbon Hetveen tfm ep X¥sGReUD of thﬂna ep@py,xgesuaes;,n
(A) and the hydroxyl group of the phenolic resin curing hardener (B)
Curing dcceferpesibioBedsi gpoudedl f@ shATontEtFr Weidkes Rreferably

wel | known I ntBgearso of é4¥%ﬂ nggat i W Eh£xangy egnef bl
curing accelerators |nc azab?%yc?%undeceﬁg (%E! e éﬁbk@ Fesin
tri phenyl phospbmpes i ¥Rph, Ebﬁz;ﬂb@a et iapl amiarvar( EDM&)IH-Q range of amounts
met hyl i m dazol e d t he I t,.0f  cur .

accel er at or (Ef"‘%%éﬁs ﬁ%angﬁoxye% é“‘sﬁnn 1‘-E:orrpz)ns)ij %’%’hnq s a’f)ou? gestEgance
about 0.5% byan¥emh@ldabingfer adty mbo%p&:ﬁ%bmwelcgmposﬁtﬂdm epbxyough
resin conposition. if less than about 0.2% by wei ght of_ 8 ng
accel er atlér (EPOFgaied FilHETs rHREs SOBPIHTE ?%ER&WW%Q ﬁﬁFBﬁ&de' it is
pr oduct decre@?esbé”duﬂﬁégsﬁgbﬁas%haEhaiﬁCt%ﬁéSthéséﬁﬂd ifvention, the
deteriorate nore than about 0.5% by wei ght of curing accel erator

(D) is used, iherfandecfidhepr dEdsdoprovetdscnuprineuadvninudl hyfinoride.
rate and

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 the 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 hardener (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) ,

triphenylphosphine (TPP), benzyldimethylamine (BDMA), 2-
methylimidazole (2-MZE) and the like.

30 The amount of curing accelerator (E) used in the
epoxy resin composition is about 0.2 to about 0.5% by
weight, preferably about 0.3% by weight, of the epoxy
resin composition. If less than about 0.2% by weight of



the.fluidity of the epoxy resin conposition tends to decrease. A
‘rel easing agent in an epoxy resin conposition 10 enhances nold

rel ease. It also | oosens the polyner chain, and thus can affect the
strength of the epoxy resin conposition, which in turn can |l ead to
runner breaks in nolded epoxy resin conp5%|t|ons 15 The rel easing

agent (F) UsedulBalhe,LEsEnLe8RoX g [ OLN GOUROST LAON £20aRES2 of & the

nat ural wax, a syn IC wax or a conbination of both t ese types of
waxes. For anreguxy1n95|mammq&xﬂprqﬂummntéenregseﬁo ahdnlmde. release

hydr oxi de i n gnount . of te than 40% by ht _of e resin
conposi tion, ¢ %r%ﬁﬁﬁﬁfs fcfeF§3§4 él W?;@% 'H%edg%n e %?‘ about
resin conposipi9g iy | @esghitancabasizinky 0%chi 160gbt P!DFf eifsabhﬁed the
about 0.2 to about 8% by weight, nore preferably about 0.5 to

about 0. 7% byrwwgﬁ?n PEHCESSt RECSRSES raki AncURPESitABAY Feetepginde and
resin conposi{4,0n, ¢ er ge Séounts %fpoxgﬁcute% thaoﬁgge%gehs 88nds to

defi ned above, partlcu t hose of "thé al um num hydr oxi de fl ane
ret ardant (D)daadedBet he reIeaS|ng agent (F) , advantageously
achieves a result of V-0 in the relevant Underwiters Laboratories
Inc. standard (i.e. UL-94 entitled "Standard for Tests for

Fl ammabi | i ty of PlasticaMebeehalisgl igdiai tani QnD%‘ﬂoG:QS :tﬁa"ﬁjl_n Qompos:l.t:.on
Appliances") at 1.0nm whil e naintaini ng good nol dabi |

runner brdaksenhparesf peddc singarar s IR) also( RBposeRe éﬁﬁkyP?%%$%F Shal“f
conposi tion "BNd furfher Comprdéfacd f GHRF C SR Ahg AT b@US £h3ddbbb¥gS resin

such as a silane coupling agent, a coloring
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 containing

20 aluminum 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

o 1.0% by weight, preferably about 0.2 to about 0.8% by
weight, more preferably about 0.5 to about 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 f£flame retawxdant (D) and

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

Flammability of Plastic Materials for Parts in Devices and



agent* (e.g. carbon black or red iron oxide), a stress- reducing
"additive (e.g. silicone oil or rubber), and the |like. Such additives
are well known in the art of the 10 invention. In producing the

present epoxy resin conposition, the iquVLQUaI conponents are m xed
sufficiently and wuniformy using hot rolIPers, a kneader or simlar

type 15 apparatus,  Ie kel Lgd prokneaded, proguet ;g y, SO0 EH3R09; ¢y,
I'n A ? y %% g o n%ﬂb ?%?

ground. The g material” subsequen ai ne e use
seal i ng of se#éigonductanndevbeesksThe neaning of the term "sealing”
is well known in the art, and would therefore be understood to

i nclude coating, insulating or 20 encapsulating. The term

"sem conduct or devi ce" MSabsethr-Her 8bfpohdetsdes) aRy 69 | Or8éadPoxy resin
el ectronic or electrical devices, integrated circuits, capacitors,

resistorsS di eeeBeahtions nanunSuStdes FPRRFESe, sHds RECSERPEYnduERBEOUS
devi | ed_ Wit b I f I j t1on, VP :
evice seal eduhBsvEs! Medn OlaLPYYsE 2300 CUHORIA] 0hgedlt EXAWRLESoring

The present inventiron w now be descri reference to t
fol |l owi ng nonayentt i feg Exampkben Ilackxemplied Amogpodyidels)na stress-
conposition ¢ n@rising the .5 copponents.set out .Table 1

d
repeated in Tg'B BEOHe E38r 't %edSALEFEBH Cérperat d %§§i)hg apd the

m xer. The nixefle.poyie! wasithessknessegqausi NEndwhi -iaxi dhel Ad€r ot the
a tenperature range between about 80C and about 130C. The kneaded
m xture Wds tHewersdPRd and ground to obtain a

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

15 apparatus. The 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 hexein
- includes any solid-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 following non-limiting Examples.



10 notding material. Table 1: Conposition of Epoxy Resin Conposition

‘of Exanple 1 Conponents of Amount epoxy resin conposition (A

Cresol novol ac-type epoxy resin of 14.71 parts by weight Fornula I

(Sof teni ng point: 55C,  epoxy equival ent: 69§8qu) (B) Phenolic resin
curing hardener of 1.82 parts by wei ght &ornula 1, reacted with 2
parts of TPP (Softening point: 80C, hydroxyl group equivalent:

1049/ eq) (B) Phenolic resin curing hardener of 6.28 parts by wei ght
Formul a || (Ssfeepilegipoi nt: 92C, hydroxyl group equival ent: 104g/eq)
(C Fused silica powder- 45.42 parts of weight (excluding alum num
hydroxi de) (30/70 m xture of flake and spherical filler) (D)

Al um num hydr oxi de 30. O@npardéscod Waie@lihn (EdmBodltbyhi mataai'p)}:esﬂagﬂ the
parts of weight (F) Relea5|ng agent, (such as natural 0,70 parts of

Wi ght  web, | SPRERBERESEE toro oA | b=k BRPHFL P CBRBLERG Pelow)

agent) 0.30 pgets qal,y@a obt Sid@neeBuPLiigeaqRiind  10achS Ofhe mixed

wei ght 15 Exanples 2 4 The epoxy Tesin conpositions of Exanples 2

to 4 powder was then kneaded wusing a bi-axial roller at a
temperature range between about 80°C and about 130°C. The
kneaded mixture was then cooled and ground to obtain a

10 molding material.

Tabhle 1:

Composition of Epoxy Resin Composition of Example 1

Components of Amount
epoxy resin composition
(3) Cresol novolac-type epoxy resin of 14,71 parts by weight

Formula I
(Softening point: 85°C,
epoxy equivalent: 188g/eq)

{(B) Phenolic resin curing hardener of 1.82 parts by weight
Formnla IT, reacted with 2 parts of TPP
{Softening point: B80°C,

hydroxyl group equivalent: 104g/eq)

{B) Phenolic resin curing hardener of 6.28 parits by weight
Formula II

{Softening point: 92°C,

hydroxyl group equivalent: 104g/eq)

(C) Fused silica powder 45.42 parts of weight
(excluding aluminum hydroxide)
(30/70 nixture of f£lake and
spherical filler)

{D) Aluminum hydroxide 30.00 parts of weight
{E) 2-Methylimidazole 0.07 parts of weight
{F) Releasing agent (such as natural 0,70 parts of weight
wax, synthetiec wax or combination)

Carbon black {coloring agent) . 0.30 parts of weight
8ilane Coupling agent 0.70 parts of weight

15
Examples 2 to 4

The epoxy resin compositions of Examples 2 to 4

comprise the components in the amounts set out in Table 2



conpri se the conponents in the ambunts set out in Table 2 - 11

*(bel ow). These epoxy resin conpositions were prepared in a simlar
manner to the epoxy resin conposition of Exanple 1. 5 Conparative
Exanples 1 to 3 The epoxy resin conposigigﬂsmof Conparative Exanples

1 to 3 conprise the conponents in the anounts set out in Table 2

(bel ow) These r es 0 It L | Ll ar s
mnner 1ot ho (o)t oThAsECReSy i bR iend Pad e 2
t he Exanpl es éExalpresahrier 4tandheCoaganat teslbxarppesitico 3£ wBremple
then subjected to the following tests, the results of which are al so
set out in Table 2 (below). 20 o Spiral Flow Measurenment This test

was conducted on an anount of each epoxy resin conposition, which

gave a cull thickness of about 3 0.3mm 25 A spiral flow nold die

was pl aced i n"Camparataye BxamphesaddtRedted up to about 175C. Wen

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 conpositionThas eplagd fmesiaboutorkRsishicorils cfindCrinparative

the nold pressg was.opened. e spir.al flow | ength up, t o £ he
| ustrous tip) Empﬁﬁgsgr g:(ﬁ’ g]tcé’ REESSoMT TEHT S Sf%kiéltrllgoﬁ?o?lr%?n set

t he nol di ng nmagli NBh Table 2 (below). These epoxy resin compositions

10 were prepared in a similar manner to the epoxy =zesin

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 o Spiral Flow Measurement

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 intc a transfer pot and a plungexr 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



s, Fl.ammabi lity Test (Underwriters Laboratory flamability rating; 5
-(L-94 V-0, UZ-94 V-i) From each Exanpl e of epoxy resin conposition,
five specinens with dinmensions of about 127nn1x 12. 7mm x 1. 0mm were
nol ded using a 37 ton nol di ng machi ne. re 10 the test was
conducted, all specinens were treated at foll owi ng condition:

tenperature OLaQbQQEeﬁ3ou%C$@%hhthébﬁﬂﬁd%ggdﬁé%ﬁﬁhét'Ve hum dity for

at | east 48 hours ach specl nen was vertically 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 specinmen. After the
flami ng of th& speci nen¥? Gﬁﬁﬁgéﬁ%tytﬁEStburner was i mediately placed

under the speci nen agalgvndl QHBQ rLﬁggf%@ggﬁeglgL&gg %Qgg r;glng,

seconds and a record 20‘was taken o g tinme

time and & any burnt UesPdu¥-dyofprad ¥UfIlgach speci nen. The sane
procedure was repeated for all specinmens. 25 In order to pass the
UL-94 V-0, the results nust be within the following criteria.

Criteria conditions V-Opréht &fadd atiabipTe fof efsdky ndiewiigiabomposition,
specimen t1 S 10 seconds or t2 Total after-flane tinme for any

condi tion set£4v80 spasumens (With| dimepsigpst |9f f%b/@l’%péé"ﬁ@néﬂ) 12 4%mm x
After-flame tjmg,pl 4 A L @é&’%&ig& forafeaegn<n%qda%gom¢§chme Before

i ndi vi dual specinen a e secon
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 c¢lamped vertically and burnt

15 for about 10 % 0.5 seconds. 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 within the following criteria.

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




appl tcation (t2 + t3) After-flame or after-glow of any specinen up to
-No the holding clanp Mol dability Check Tabl ets having a di aneter of
about 40mm and 5 wei ghing about 65g each were made fromthe Exanpl es
of epoxy resin conpositions. These tableis were nol ded on a 100LQFP
with a dunny Ieadfrane at a tenperature about 165C for about 10

100 seconds. Zﬂz‘éer- HELge WG SRULL S AR I, S AP TPet %
I ndi cate thai ed p s~ WET S
a

r L % ect
ej ected out an% E?ﬁdq;i =P !pggﬂhse éagnﬁnglmﬁ%e th runner
breaks occur e ott—Tablets

prepared fropf i iﬁtﬁﬁiﬁiﬁgrﬁéi Y(ﬁ?ﬁﬁb@??iq?:§° each®havi ng

a dianeter o hina abhout ZEa s ol s o

)
1 aldal
LR "H oo UTUT —OY5 TwWCT"CTTUoS T UU

seal TEG die for 16p PDIP deV|ces (16-pin Plastic Dual Inline
Package). Thege asse en subjected to the foll ow ng
MBE?HB.#E% l_#gffgielzﬂ

High Tenperature Storage Tes and Pressure Cooker Test
(PCT). 25 High Tenperature Storage Test (HTS2,) The sealed 16p PDI P
devices were stored in a gontrolled el evated te

t t
about 175C) for an 14 E¥PERGIRd BRWERY uff t SABHth QBEB%’ ﬁ*éTRVngHHﬁt and

el ectricals bjasghipheratsdut €S53t MEEh MHRSE GRS S FMRAE tRECEafitbles of
final nmeasurenenfs were conducted at the concl usi on of the
epoxy resin compositions.

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

With regard to the results, the terxm “GOOD" was
used to indicate that no runner break occurred after the
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.

Tablets prepared from the Examples of epoxy resin
compositions, each having a diameter of about 48mm and
20 weighing about 75g, were used to seal TEG die for 16p PDIP
devices (16-pin Plastic Dual Inline Package). These
assembled units were then subjected to the following High
Temperature Storage Test (HISL) and Pressure Cooker Test
{PCT) .
25
° High Temperature Storage Test (HTSL)

The sealed 16p PDIP devices were stored in a

controlled elevated temperature {up to about 175°C) for an



test .~ 5 Damage, such as package cracks, junction thermal resistance
-increase or depolynerisation were considered a failure. 10 o
Pressure Cooker Test (PCT) Seal ed 16p PDI P devices were stored in
saturated steam at a pressure of about igS 7kPa and a tenperature
of about 125C in a seal ed autocl ave contaifii ng dei oni sed 15 water.

The devi ces W %‘é%%e“gl‘%ﬁ'e ahgs gy %‘&&@e‘sgerva b%itl%&”%a%ie%trmal

the initial evel "Tnt chanber ectrrecar

nmeasurenent s bwahe. nadat&&daﬂhe:@e&s&a&cewemeashmbménker wprko &hGeh and
100 hours. 20 Failure was consi dered when_a en circuit was .

detected and ByP&dt ASFATRGHFRMGFT Forde ‘i%fgk%t ekhe sgopclygion of the
corroded devi ggagheads or the formati on of conducting natter between

the | eads. 25 Table 2: Conposition of Epoxy Resin Conpositions and
Results of>Tests Formulation Unit am_ "o 12 3 412 3 Cesol

novol ac-type epoxy % l4, %még,é 3%59 a.% aica érafzﬁgft 30hRY Y @ prmal

55C, - 15 - epoxy equivale esoP novol ac-t pe epoxy
- 16.4 - 16. 4resistesice (iBefeasiengzpdepblyheisedon equkvabeﬁ&dered a
2109/ eq)

failure.

10 = Pressure Coocker Test (PCT)

Sealed 16p 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 deiconised

15 water. The devices were suspended at a minimum height of
about lcm 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 %
resin (Softening peoint: 55°C,




Phenolic resin curing reacted %1.8 1.8 2.2 1.8 2.2 1.8 1.8 wth 2
1049/ eq)
5.6 5.6

"parts of TTP

(Sof t eni ng point: 80C,

5.

2 -

epoxy equi val ent:
Phenolic resin curing hardener %6.3 5.7 -

( Sof

teni ng

poi nt: 92C, epoxy equival ent: 1049/ eq) thgollc resin curing hardener
$-6.3-6.3- - (Softenlng p0|nt 110C, epoxy eqU|vaIent 1049/ eq)
Fused silica ) 4 52196171241 Ao o
hydr oxi de %hgﬁ%ﬁ Zﬁ?ﬁ)ﬁ% ﬁng 3?%8&5 V\/iahyl ifm dazol e %0 07 Q.05 |
0.05 - 0.03 -cf@w@%mléeearpé I&@ostgral X 0. 7 07 g 47 Ji€. 4-Z |-
0.7 or Synth bR LdY bot h} Sil gne Couplii ng |Agent %
0.7 0.7 0.7 ( ?% §e§ qulack (colorlng agent) %(d.3 0.3
0.5 etc) PrcPEélc ‘I"El oe%/vé 1;%606(1'!3;%(57eé}Lﬁ’\Lj-gA '
Fl anmabi ity ivﬁ oX-0 V-0 V-0 Y-0 Vi1 Vo Vo HjL-94
Fl ammabi ity |1 e D V7 Y-0 V-0 ¥-0 Vi1 V{0 V40 UL-94
Flamrablllty vaepl"\'l\ gﬁcn/n\v/n In\vI'S’II.?\VIG\VInz =5 5%
Mbl dabi | ity (% Bms“l’é cuzi g’ ST dooll (oY (04d NG NG 2 dheckZof |-
100LQFP HTSL SHR Y 0/ 0 0/10 /10 P/10|NA |(175C, 16p
DIP, SiN) pcﬂeﬂﬁ%¥WSQPlva 10 /10 B 1oNA
' Phenolic resin cur:Lng 'haraener |- - 6.3 |- 6.3 |- -
(Softening point: 110°C,
epoxy equivalent: 104g/eq)
Fused silica powder % 145.41{41.4(32.9|52.9(|61.2|41.1{28.1
N Aluminum hydroxide $ |30 [35 {40 |25 |11.2|35 |48
- 2-Methylimidazole % |0.07 [0.05]- 0.05|- 0.03|~
Releasing Agent {Natural wax % (0.7 (0.7 0.7 |0.7 j1.2 [1.2 0.7
or Synthetic wax or
conmbination of both)
Silane Coupling Agent % 0.7 (0.7 (0.7 (0.7 |0.7 |0.7 |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
ete)
Properties
Spiral ¥low em |70 |60 |60 |50 |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
U194 Flammability Test (1.6mm) |[VO/Vi|v-0 [v-0 [v-0 |v-0 |v-1 |v-0 |v-0
A UL-94 Flammability Test (1.0mm) [VO/VL[V=0 [v-0 [v-0 [v-0 |[v-1 [v-0 |V-0
Moldability {(Runner Break) - |Good jGood|Good|Good|Good NG (NG
check on 100LOFP
HTSL @ 500hrs - |0/10|0/10|0/10l0/10({0/10|0/10|NA
{(175°C, 16p DIP, SiN)
PCT @ Y6hrs - lo/10 |0o/10]0/10|0/10{0/10{0/10{NA
(121°C, 100% RH, 20V, 16p
DIP, SiN)

5

It will be understood by persons skilled in the

art of the invention that many modifications may be made

without departing f£from the

invention.

spirit and

scope

of the




(121C, 100% RH, 20V, 16p DIP, SIiN) It will be understood by persons
skilled in the art of the invention that many nodifications may be
made w thout departing fromthe spirit and scope of the 5
invention. -16- CLAIMS: 1. An epoxy resin conposition for sealing a
sem conductor device, conprising: 5 (A an epoxy resin; (B) a
phenolic resin curing hardener wherein isl18el ected from
paraxylene-nEgifiEq phenolic resin, tri(hydroxyphenyl) nethane type
phenol i c res#s ‘ ycl opent adi ene-nodi fied phenolic resin,

mul ti-functional epoxy-resin, naphthal ene 10 type phenolic resin or
triazine nucleus type epoxy resin and mxtures thereof; (C an
inorganic filtl er An epoxymesintcosipegiiion f@GeabngbaaMizendudigr dgviegt of
t he epoxy resin conposition; (D) an al um num hydroxi de fl ane
retardant i n“@APRFYnt of 15 about 21 to about 45% by wei ght of the
epoxy resgn conpps) am epoxy FBsit curing accel erator in an anount of
about 0.2 to about_ 0.5% by wei ght of the epoxy resin conposition;
and (F) a rel easi () agémnolie raginagying hardanss svhaigin igberiectedoemsy 20

1o o 1 SRy SRkRTRANGS STngeEE e, o, AR ER, |
equi val ents per hydrmgihangr e eiheinoit erisimf dichelopenialdierzbmplifieal i ¢
resin (B). phenolic resin, multi-functional epoxy-resin, naphthalene
10 type phenolic resin or triazine nucleus type epoxy resin and
mixtures thereof;
(C) an inorganic filler in an amount of about 30 to about 75%
by weight of the epoxy resin composition;
(D) an aluminum hydroxide flame retardant in an amount of
15 about 21 to about 45% by weight of the epoxy resin
compasition;
(E) a curing accelerator in an amount of about 0.2 to about
0.5% by weight of the epoxy resin composition; and
(F) a releasing agent in an amount of less than about 1.0% by

20 weight of the epoxy resin composition;

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
25 phenolic resin (B).

2. An epoxy resin composition according to claim 1, wherein the amount
of aluminum hydroxide is about 21 to about 40% by weight of the epoxy resin
composifion.

30



2. An epoxy resin conposition according to claim1, wherein the
amount of al um num hydroxide is about 21 to about 40% by wei ght of
the epoxy resin conposition. 30 -17- 3. An epoxy resin conposition
according to claiml or claim2, wherein the anount of rel easing
agent (F) in the epoxy resin conmposition js about 0.2 to about 0.8%
by wei ght of the epoxy resin conpositi o 18- 4. An epoxy resin

conposi tion accor g : o i cl ai i ;
t he epoxy resin ( J}'r%%g&gergg%tg%??%@'?%@%%ﬁ@%@ﬁ%?i%SCI%W?% Wilbrein
or t ho- cr esol theapbast-éireReaRMXNgemsSF) in tHe ephenalsit gp@pepitivy is adbbat 0.2
phenol novol ac-type epoxy resin, nmultifunctional -type epoxy resin,
napt hal ene- t PO HAKp byakeight of thgAnay RBeiINS@SR3FHIOTBpoxy resin and

m xtures thereof. 10 5. An epoxy resin conposition according to claim
4, wherein the epoxy resin (A) is an ortho-cresol novol ac-type epoxy
resin, represent elinbgpdxdyeresirolcoaviasiichrorotdrding tcCldnyOotof-1Be PreCEding
CHOCH2 : ~': CHC \Y~-\ + n F. orpula | - wherein n is an.
“hteger of (PG GMSTEIIEERON 1S5 RAbpb aleRiad el i BiUPr eeling of
hydrogen, hadghe-atded rf%@glcajcbt%@aé - redfh @-biéﬁhp d @pbRy resin, phenol

conposition according to aim 1, wherein the phenoliic resin curing
har dener ( B)nowlad-typigeepoxy ossing nRilifontipnal-typel @poxy resin, napthalene-type

epoxy resin, triazine 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:
O CHECH\—CHE O CH,CH-CH, O CHECH~?

R \
\f[\\] o)

Faormula |

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

20
6. An epoxy resin composition according to Claim 1, wherein the phenoclic

resin curing hardener (B) is of the following Formula Il



OHOHOH RR CHCH Formula Il wherein nis the integer of 0 to
10; and each R is independently selected from hydrogen, hal o, alkyl

and haloalkyl. 5 7. An epoxy resin conposition according to Cl aim 6,
wherein the phenolic resin curing agent (B) is a m xture of
conpounds of Formula Il1. 8. An epoxy resin conposition according to

any one of the preceding 10 cl ai s, wher B n the inorganic filler (C
is selected fromthe group consisting of fused silica powder;
spherical silica powder;ogrystalline silicea powler; secondary

aggl onerated silica pomdrr por ous SI|IC- powder; silica pgwder

filler (C)lsfused3| 2 i i oF a

m xture thereof. resin conpoSition according to any
one of the preceding cI ai ms, whereln thescuring accelerator (E) is
selected fromthe group consisting of diazabicycl oundecene (DBU),

tri phenyl phosphine (TPP), benzyl di met hyl am ne (BDWVA) and

2- met hyl i mi dahetegn (2- MZ) . -19- 11. An epoxy resin conposition

according to % &tiufegrﬂratﬂ%ﬁr g%ﬁ‘gi ng claims, wherein the releasing

agent (F) isg" hetic wax or a conbination of both
types of waxgseh R id trdeN2nBBANY sélBelcd FFEHIRBIddeM) haks; il BEd Halddmylone

of the preceding
7. An epoxy resin composition according to Claim 6, wherein the phenolic

resin curing agent (B) is a mixture of compounds of Formula Il.

8. An epoxy resin composition according to any one of the preceding
10 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 silica powder; silica powder
obtained by grinding secondary agglomerated silica powder or porous silica
powder and alumina powder; and mixtures thereof.
15
9. An epoxy resin composition according to Claim 8, wherein the
inorganic filler (C) is fused silica powder, spherical silica powder or a mixture

thereof.

20 10. An epoxy resin composition according fo any one of the preceding
claims, wherein the curing accelerator (E) is selected from the group
consisting of diazabicycloundecene (DBU), triphenylphosphine (TPP),
benzyldimethylamine (BDMA) and 2-methylimidazole (2-MZ).



clainms, wherein the epoxy resin conposition passes the UL-94
flammability test at 1.0mmthickness. 13. Use of an epoxy resin
conposition as defined in any one of clains 1 to 10 12 for sealing
sem conduct or devices. 14. Use according to Caim 13, wherein the
sem conductor device is a solid-state electronic or electrical
device, integrated circuit, capacitor, reststor, diode or

transi stor. 15 'Fé%q-g | | | &y :
epoxy resin 1’L?:'orrp/ﬁ\ogiA?F?O?Sf] as'dLe&?)|§W‘r)f5eodg%|?o\r€i %ﬁ{f/é@ﬂ'legeg? %@Pﬁ% @t ﬁ? %ec%?gwg
A sem conductlaims]evihareimiheoretbasing agehiaifnid 3, nathe evax, taheyrithgter wak or a
20 epoxy resin cpn‘gosi%bo&bhas a thickness of 3.0mmor less. 17. A
sem conduct of°raRIAtRN 2 BEINHIYRES PO WEXEFm 16, wherein the |ayer of
epoxy resin conposition has a thickness of 1.0mm or |ess.

5 12. An epoxy resin composition according to any one of the preceding
claims, wherein the epoxy resin composition passes the UL-94 flammability

test at 1.0mm thickness.

13.  Use of an epoxy resin composition as defined in any one of claims 1 to

10 12 for sealing semiconductor devices.

14.  Use according to Claim 13, wherein the semiconductor device is a
solid-state electronic or electrical device, integrated circuit, capacitor, resistor,
diode or transistor.

15
15. A semiconductor device sealed with a layer of an epoxy resin

composition as defined in any one of Claims 1 to 12.

16. A semiconductor device according to Claim 15, wherein the layer of

20 epoxy resin compaosition has a thickness of 3.0mm or less.

17. A semiconductor device according to Claim 16, wherein the layer of

epoxy resin composition has a thickness of 1.0mm or less.





