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1 SPECIFICATION SEMICONDUCTOR ENCAPSULANT OF EPOXY
RESIN, PHENOLIC RESIN AND TRIAZOLE COMPOUND 5 Field of the
Invention This invention relates to an epoxy resin composition for
encapsulating a semiconductor and to a $emiconductor device therewith.
10 Description of the Related Art An epoxy resin composition has been
predominantly used for encapsulati§ BsefdiEdgiductor device because it
has well-balanced properties such as productivity, a cost and 15
reliability. In surface mounting for such a semiconductor device, the

Sem‘CO”d“§$@Jf§é’ﬁ?§d§fb’£ﬁ%¥x$é’&%ﬁ%ﬁf%?'Sﬁ‘é?tﬁ%stfﬂ‘p%?éﬁgﬁl%)fc RESIN

200 C or higher during a sol ipping or Solder reflow process, lea

to explosive vaporization of,gsorhed JneisturgSHeR; Maporization may

generate a sufficient stress to 20 cause peeling in an interface between

each plated junction on a semiconductor element, lead frame or inner

lead and a cured epoxy resin composition, or cracks in a semiconductor

devitd, leadinge td sigaificantly lower reliability. For solving the problem of
deteriorated reliability due 25 to soldering, there has been commonly

used a tecRRig§Belthata coptertc bRaR nsrRyaiicTier h apsbbgoraasition for
composition is increased for reducing moisture absorption, improving

SHERGA Bt redflicihg® Bt it SXAgiof i Brove SoTteriy reSistancie v i ce
fnd aesin,with 2

Description of the Related Art

An epoxy resin composition has been predominantly used
for encapsulating a semiconductor device because it has
well-balanced properties such as productivity, a cost and
reliability. Insurfacemountingfor suchasemiconductor device,
the semiconductor device is suddenly exposed to an elevated
temperature of 200 °C or higher during a solder dipping or solder
reflow process, leading to explosive vaporization of absorbed
moisture. Such vaporization may generate a sufficient stress to
cause peeling in an interface between each plated junction on a
semiconductor element, lead frame or inner lead and a cured epoxy
resin composition, or cracks in a semiconductor device, leading
to significantly lower reliability.

For solving the problem of deteriorated reliability due
tosoldering, therehasbeencommonlyuseda technique that acontent
of an inorganic filler in an epoxy resin composition is increased
for reducingmoisture absorption, improving strength and reducing

thermal expansion to improve soldering resistance and a resinwith
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a lower melt viscosity is used to maintain a lower viscosity and higher
flowability during molding. Meanwhile, adhesiveness in an interface
between a cured 5 epoxy resin composition and a base material such as
a semiconductor element and a lead frame within a semiconductor device
has been significantly important for improving reliability after soldering.
When adhesive strength in the interface is weak, peeling may occur in the
interface between the cured epoxy resin composition and 10 the base

MateHarafier Soiefifg Seading o EREKSInTthe "SEmit ch A ddviee ARt by and

rder to improve soldering.resistance, there have been attempts for
ﬁrﬁﬁqra%ﬁlé? ag&weaik’i)vlglnle%s gihtlﬁel Prﬁe%?gclg bétween a base material and the

cured epoxy.[esifGarBposiien é’i’v%%%%ai@aﬁﬂaﬁﬁ@é’yf’ﬂ%% 39epsueha cured

as y-glycidoxypropyltrimethoxysilane an

yrigefhaspilexyprapybirimethoxysitane 4o therepoxyresie hcoRRAsHiozonductor
However, these silane coupling agents alone have become inadequate to

mestendresstrictrdguareémentin soldéring aesistancenidassociationiwith has been
higher reflow temperature during 20 mounting and the use of a pre-plating
frafielrmade of Ni, INIFRg be INi-PRIc AR espoasectbia feabiffeeaddigarsoldering.
For dealing with the problem, there have been suggested surface

trasthienit of 4 Yead frahé With Bri-Bkoxysfarie Coupfinge agert (& 'd.ngeay occur
Japanese Laid-qoen Paten; Appligation No. 25,4994 350000) and 8 resip,

a u OXVY, res composition and
composition and a resin-encapsulated %ype semiconductor device =

containing athiazole, sulfenamideorihiuram, compoynd{e 9. $8&cks in the

Japanese Laid-open Patent Application Nos.

1987-2093440and128+4,260@344). However, the silane coupling agent 3
described in Japanese Laid-open Patent Application No. 1994-350000
In order to improve soldering resistance, there have been

attempts for improving adhesiveness at the interface between a
base material and the cured epoxy resin composition by adding a
silane coupling agent such as y-glycidoxypropyltrimethoxysilane
and y- (methacryloxypropyl)trimethoxysilane to the epoxy resin
composition. However, these silane coupling agents alone have
become inadequate to meet more strict requirement in soldering
resistance in association with a higher reflow temperature during
mounting and the use of a pre-plating frame made of Ni, Ni-Pd or
Ni-Pd-Au in response to a lead-free solder.

For dealing with the problem, there have been suggested
surface treatment of a lead frame with an alkoxysilane coupling
agent (e. g., see Japanese Laid-open Patent Application No.
1994-350000) anda resin composition anda resin-encapsulated type
semiconductordevicecontainingathiazole, sulfenamide or thiuram
compound (e. g., see Japanese Laid-open Patent Application Nos.

1987-209170and 1987-260344) . However, thesilane couplingagent
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has a drawback that it is unstable at an elevated temperature, leading to
insufficiently improved adhesion after soldering resistance treatment. The
compounds described in Japanese 5 Laid-open Patent Application Nos.
1987-209170and1987-260344 have a higher molecular weight and

contain many unstable bonds (such as nitrogen-sulfur bond) , and thus it
itselieled dd bel possiblyedecommsusta e hegncapsulatag fexirNaftek 994-350000
molding. Patent Documentl: JP-A No. 1994-350000 10 Patent
Botumehta W IPLANG" 16872091 76" Pafént Docurint3 I §B RS, temperature,

13 B o O T e O A, O olhe o1 dering
mvenf‘lo IS {0 provide an epoxy resin 1?comp05| iIon and a

semicandyctordeyice.exhibiting good Splderings repistance Iswhiehyapanese

peeling from a lead frame does not occur during soldering after moisture

absarpypanAccosding f-theqeresenthiavention, thems armpravided thec0344 have
followings. 20 [1] An epoxy resin composition for encapsulating a

semiconretuctor.camprasingeAyan epakycresing i(B)reephenolictrasie ©ads (such
hardening accelerator, (D) an inorganic filler and (E) a triazole compound.

B THE 8peRy resiv Eompusitibh forehddpstldting 8 28 semieendacks rossibly
according to [1], wherein the triazole compound is a compound having a

1SRRI rivg. [3] TheBPOXYTESMTonsosttich for ertapsiiafing a 4
emiconduyctor according 1q [1], whereig the irj compound is a

et SemrREatieh by oo T (b ke, 1

Patent Document?2: JP-A No. 1987-209170

Patent Document3: JP-A No. 1987-260344

DISCLOSURE OF THE INVENTION

An object of the invention is to provide an epoxy resin
composition and a semiconductor device exhibiting good soldering
resistance in which peeling from a lead frame does not occur during
soldering after moisture absorption.

According to the present invention, there are provided
the followings.

[1] An epoxy resin composition for encapsulating a
semiconductor comprising (A) an epoxy resin, (B) a phenolic resin,
(C)a hardening accelerator, (D) an inorganic filler and (E) a
triazole compound.

[2] The epoxy resin composition for encapsulating a
semiconductor according to [1], wherein the triazole compound is
a compound having a 1,2,4-triazole ring.

[3] The epoxy resin composition for encapsulating a
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R1 N-X~HS//N N (Formula 1) 5 (wherein R1 represents hydrogen atom,
or mercapto group, amino group, hydroxy group or a hydrocarbon chain
with 1 to 8 carbon atoms containing one or more of the functional groups
as an end group.) [4] The epoxy resin camposition for encapsulating a 10
semiconductor according to [1],[2] or[3], wherein the triazole compound is
eentafrEincirrantosirt 6l 001 to 2[%! by Wisigletitd the total arplmtefmpound 1is
the resin composition. [ ?glvA semiconductor device wherein a

e

SemREGMAGROr ETethent Ts-ERcapsuttBa tRing thEBhigky Fédin

8@@}35“@2 according to 15 [1], [2], [3] or [4] . A semiconductor device
Ereparéd using an epoxy resin composition of the present invention has a
characteristig,that peeling from a lead frame is prevented even during

solderj ter moisture absorption, resulting in reliable resistance to
soldering.\R0 The epoxy resin composition of this invention can be,
e, -Bxtensively used for a variety of resin encapsulating type
semiconductor deviceso lnpadicular, significant improvement can be
achieved in adhesiveness between a cured resin composition and a

plated lead FAMESEN R laSHREr pRIdE ISatiffafRy) & 25 hickal-platsthiehd group,
frame, a pre-plating frame in which a 5_nickel/palladium alloy is Elated

HIHh O R CPRus " ComBostionCan BE SiRaByUSeGif4 " with 1 to 8 carbon

g%rgrlncsoncdggE%ridnei\%Cge 8181@90% E)T!%J%ag Igjgdtfﬁaem?imctional groups as an end

group.)

[4] The epoxy resin composition for encapsulating a
semiconductor according to [1],[2] or[3], wherein the triazole
compound is contained in an amount of 0.01 to 2 % by weight to
the total amount of the resin composition.

[5] Asemiconductordevicewhereina semiconductor element
is encapsulated using the epoxy resin composition according to
[1]1,02],13] or [4].

A semiconductor device prepared using an epoxy resin
composition of the present invention has a characteristic that
peeling froma lead frame is prevented even during soldering after
moisture absorption, resultinginreliable resistancetosoldering.
The epoxy resin composition of this invention can be, therefore,
extensively used for a variety of resin encapsulating type
semiconductor devices. 1In particular, significant improvement
can be achieved in adhesiveness between a cured resin composition
and a plated lead frame (e. g., a silver-plated lead frame, a

nickel-plated lead frame, a pre-plating frame in which a
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Since the epoxy resin composition of the present invention 5 has a

characteristic that peeling from a lead frame is prevented even during

soldering after moisture absorption, a semiconductor device prepared

using the composition is reliably resistanéto soldering. 10 BEST MODE

FOR CARRYING OUT THE INVENTION The present invention provides

an @poky pedihxdmpositioro exhibitivepgest oldering Febistangawithobe

peeling from a lead frame during soldering after moisture absorption .
BERASE it [CUhtafs &f éﬁb&?@@%ﬁﬁ,%ﬁ%ﬁ&liéré%}&%@d@ﬁﬁﬁ device using
acc Ierat%r, 5ani orgﬂanic filler and a triazole compound. This invention

wilPbé& deScribed in détar. ‘An epoxy resin used in the present invention

may be gengrally selecied from manamers, LligomesandnONMENS: i nvention

having two or more epoxy groups in one molecule, including, 20 but not

limied ton hydrogringne: typeneRoXe esing bisphenolrAatyperepeXy s prevented
resins, bisphenol-F type epoxy resins, biphenyl type epoxy resins,

stilbenguty pe @ paxydesinsg pheneknovokicu typerbpoxyteising, eregohiconductor
novolac type epoxy resins, naphthol novolac type epoxy resins,
tphpelRetmeagpe @pbly FESinC ZBPSIRyIhodified thiphéadihethasd stant to
type epoxy resins, dicyclopentadiene - modified phenol type epoxy resins,
PREAGIArAIRY! type epoxy resins(having, for example, a phenylene or

biphenylene structure in the main chain), 6 naphtholaralkyl type epoxy

resins (having, forexample, aphenylene or biphenylene structure in the

maichain sterrsae-modified iphenghty e epaxyFesiasrang triazine-core
containing epoxy resins. 5 These epoxy resins can be used alone or in
combinationtef f¥@ 8Ent invention provides an epoxy resin composition
exhibiting good soldering resistance without peeling from a lead
frame during soldering after moisture absorption because it
contains anepoxyresin, aphenolicresin, ahardeningaccelerator,

an inorganic filler and a triazole compound.

This invention will be described in detail.

An epoxy resin used 1n the present invention may
be generally selected from monomers, oligomers and polymers
having two or more epoxy groups in one molecule, including,
but not limited to, hydroquinone type epoxy resins, bisphenol-A
type epoxy resins, bisphenol-F type epoxy resins, biphenyl
type epoxy resins, stilbene type epoxy resins, phenol novolac
type epoxy resins, cresol novolac type epoxy resins, naphthol
novolac type epoxy resins, triphenolmethane typeepoxyresin,
alkyl-modified triphenolmethane type epoxy resins,
dicyclopentadiene - modified phenol type epoxy resins,
phenolaralkyl type epoxy resins (having, for example, a

phenylene or Dbiphenylene structure in the main chain),
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more. A phenolic resin used in the present invention may be generally
selected from monomers, oligomers and polymers having two or more
phenolic hydroxy groups in one molecule, including, 10 but not limited to,
phenol novolac type resins, cresol novol&c type resins, phenolaralkyl type
resins (having, for example, a phenylene or biphenylene structure in the
main chain), naphtholaralkyl type resins (having, for example, a
phenylene or bi%l]enylene structure in the main chain), terpene-modified

185henBhic Fesiny, dicyRbpeRtalERE MEdified pRéndiic resiAgip L€, aphenylene

triphenolmethane type phenolic resins and bisphenol compounds. The e
RehOIe TELH ey T (LSer A b 1 EolNBHLUAR Who. SPRBRa Ao ied

EHEW@@E&E@QQ&E £pOW:groLns, Inthe 10t epaxy. 204E$INS 19 él?g%‘?ﬂ?y resins.

ydroxy groups in the total phenolic resins is preferably 0.5 to

padisulanhoprefembly 0. 2th 1% Beyand the sange: eUBBGHPIOREIIRS, of two or
moisture resistance and the like may be deteriorated. A hardening

accelerator used in the present invention may 25 be any compound which

can act as a catalyst for a crosslinking reaction of an epoxy resin with a

phenolic reSiGL it &y beta esRPolRdS toniedg usedfgeation may be
encapsulating material, including, but not limited to, amines such as

Hibtiyiamine SntSF 158 didsabiy a6 dudecpfaess and polymers having

rganophosphorous compounds such as triphenylphasphi eanﬁ . .
taaphenyiphodphniar teraprenyIborats and imidazoles sichss *"C-uEnS:

pupettylimidazole.q These hiardening accelerators may-he Hsed AANe9r novolac
in combination 5 of two or more.

type resins, phenolaralkyl type resins (having, for example, a
phenylene or biphenylene structure in the main chain),
naphtholaralkyl type resins (having, for example, a phenylene or
biphenylene structure in the main chain), terpene-modified
phenolic resins, dicyclopentadiene-modified phenolic resins,
triphenolmethane type phenolic resins and bisphenol compounds.
The phenolic resins may be used alone or in combination of two
or more.

An equivalent ratio of epoxy groups in the total epoxy
resins to phenolic hydroxy groups in the total phenolic resins
is preferably 0.5 to 2.0, particularly preferably 0.7 to 1.5.
Beyond the range, curing properties, moisture resistance and the
like may be deteriorated.

A hardening accelerator used in the present invention may
be any compound which can act as a catalyst for a crosslinking
reaction of an epoxy resin with a phenolic resin. Thus, it may
be a compounds commonly used for a encapsulating material,

including, but not limited to, amines such as tributylamine and



10

15

An inorganic filler used in the present invention may be selected from

those commonly used for an epoxy resin composition for encapsulating a
semiconductor, including fused silica, crystalline silica, alumina, silicon

nitride and aluminum nitride. 10 These inprganic fillers may be used alone

or in combination of two or more. When increasing a blending quantity of

an fncrganigdilley,Cc it 99 eorhnbniifdgsmnfséd siiea Fuzedssilicarnviag bempounds
either crushed or spherical, but it is preferable to mainly use spherical 15

fliseld stiica fot MitFEdSiRg aHBndifig HAntif/ GrRe Tased sifca Mad v

reventing increase in a melt.viscasity of .an epoxy resin compasition. For
il TCTeAdIng ORI GUARKT GF the spierical fused Sfca, eid =212

desirable tp selact sphericaliused silica it raader pAICIe, $1Z6, combination

distribution. The surface of 20 the inorganic filler may be pre-treated with,

for example, awsilane coupling agent. A triazole compound used in the

present invention is a compound having a nitrogen-containing

five-membared ninggstruictufe. 1Siacethe driazolehcomposnd tamimproven may be
affinity of 25 a resin composition to a pre-plating frame surface to prevent
peéRt-mcan Ie@rfdee sk ceTiprévereidtheresistipes aritesin composition
reflow-cracking resistance of a semiconductor device in which a 8

§emicoHatRibH elemBft i eHtAPSARTBtVtA a cUted YR Icdmpssitsn,t -2

resultjcnagli im ro.de reliaqn%of the scimicondu%torgevice triazole . .
CI%S in 51 Jhca alumina, iﬁl lCOI’lg‘ll ridé andalumrinumnitride.
compound uséd in the gresent invéntion 1s'a’ 5 compound having a

Preddriazole Ling anded 2:3-triazple ring; farexamplethgse CompoENdsacion of

as shown by the formulas below.
two or more.

When increasingablendingquantityofaninorganicfiller,
it is common to used fused silica. Fused silica may be either
crushed or spherical, but it is preferable tomainly use spherical
fusedsilica for increasingablending quantity of the fusedsilica
and preventing increase in a melt viscosity of an epoxy resin
composition. For further increasing a blending quantity of the
spherical fused silica, it is desirable to select spherical fused
silica with broader particle size distribution. The surface of
the inorganic filler may be pre-treatedwith, for example, a silane
coupling agent.

A triazole compound used in the present invention is a
compound having a nitrogen-containing five-membered ring
structure. Since the triazole compound can improve affinity of
a resin composition to a pre-plating frame surface to prevent
peeling in an interface, it can improve moisture resistance and

reflow-cracking resistance of a semiconductor device in which a



[Chem. 2] NHZ N \\NON HA SH NHZ /H\ NN HZN~N~N H /NHZ SH
SHNN % HOOC/N~NN,NNHS'NN HHHR1HOOC HOOC NNN
~N\ ~N\ HS / NON HOOC NON HOOC NON H H 6 10 Of these
compounds, a compoundrepresentedbytBe following general formula (1)

is preferred. In particular, the compound of general formula (1) essentially
eemprisasiathercapicymup, Whieh ¢ rsictivs ¢6l avrnétal aTius; edldegingn
resistance can be 9 achieved even when a semiconductor device is
RSURRSE bA Wrof-2Spder: Rdme! alithe Sethicsiduttorddvice tark be
encapsud%ted with %uch a compound to improve reliability of the

g&micono c?or Yevice! ]I&%em 3] R1 HS~5 N (Formula 1) (wherein R1

represe”tsﬁytdf%%?@@o%p@@ﬁ%%%&&O‘il% AAUNQ groU YEIXYh tion is a

group or a hydrocarbon chain with 1 to 8
compound having a 1,2,4- trlazole ring and 1,2,3-triazole ring;

for example those compounds as shown by the formulas below.

[Chem. 2]

NH
I\
_N
N

NH, SH SH
N__X/ N::</ N N
o AN ]
HOOC™ ™~ NoN N/N HS N/N
H H H
R HOOC HOOC
N
/<N \ l\\l\ \\
HS N HOOC N HOOC N

Of these compounds, a compound representedbythe following
general formula (1) is preferred. 1In particular, the compound
of general formula (1) essentially comprises a mercapto group,

which is reactive to a metal. Thus, soldering resistance can be
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preferably 1 to 6 carbon atoms containing one or more of these

mentioned functional groups as an end group.) 10 Specific examples of

the compound are listed below. [Chem. 4] NHz SH HS N N HS N HS N/N

HO OH NI~ HSA N HS~ N /N Here, a cantent of the triazole compound

used in the present invention is preferably, but not limited to, 0.01 to 2 %

By esglerd B etk eotal sercuriof acresin tomipsss tio ACTHE §ihgole non-copper
compound can be used in an amount within the range in a composition for

EnédSeuRtifga SetiedraaBE t6 Adidiegobabalariteatiedn ted with such
adhesiveness of the composition to a frame and flgwability .of the .
R A o REub SBof SR TeLtined. 36°10 A1 BRASF ke oe
¢empgsitign of this invention may contain, in addition to an epoxy resin,

aphenolic resin, an inorganic filler, a hardening accelerator and a triazole
compound, {fjnecessary, 5 various additives including a coupling agent

such ilane coupling agents, titanate coupling agents, aluminum
coupling &gents and aluminum/zirconium coupling agents; a flame
1es ch as brominated epoxy resins, antimony oxide and

phosphorous compdutdsyahanadnganic ion-exchanger such as bismuth
oxide 10 hydrate; a coloring agent such as carbon black and Indian red; a

stress redut&? SHEH RS ITGRE B AhT SHCoIfibEeara OF mercapto group,

amino group, hydroxyl group or a hydrocarbon chain with 1 to 8,
preferably 1 to 6 carbon atoms containing one or more of these
mentioned functional groups as an end group.)
Specific examples of the compound are listed below.
[Chem. 4]
NH, SH
A
ST N 0 EST N s N

HO
OH

L O
HS N/ s HS N/N

Here, acontent of thetriazole compoundused in the present
invention is preferably, but not limited to, 0.01 to 2 % by weight
to the total amount of a resin composition. The triazole compound
can be used in an amount within the range in a composition for
encapsulating a semiconductor, to achieve good balance between

adhesiveness of the composition to a frame and flowability of the

composition and to keep good soldering resistance.
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mold release such as natural waxes, synthetic waxes, higher fatty acids
and their metal salts and paraffins; and an antioxidant as appropriate. 15
An epoxy resin composition of the present invention can be prepared by
mixing an epoxy resin, a phenolic resin, & inorganic filler, a hardening
accelerator, a triazole compound and other additives using a mixer,
kneading the mixture using a kneading machine such as a roller, a
kneader and an extruder, and then milling 20 the product after cooling.

For manufactiiiyyd sefmicondtiBiy? Hebite by brcapddiating Graidtanccontatn,

art 88Ch as a.semiconductor element \f\{ith a? .eéooxyé resin comgosition o% .
n a lthl’ltOFfld‘le oxr\'/resul ap nolLicresin, anin rgarwhlc 1ller,
IS’ invention, mo mé:)ca be conducted an “appropriaté process such as

yapsiesmalding, compression mojding 2pand iniectign malding.; £ necessary,

(Example) This invention will be described with reference to, but not

limited i@, Bxperimenrtal Examplesadn the-desgeripignalbroonieiis ake silane
expressed in parts by weight. Experimental Example 1
Aoepoxyresigepresentedbyiosmelac () {safteniagpoint , 5 §8u@iepoxycoupling
equivalent: 272; hereinafter, referred to as "Epoxy resin 1"): 8.2 parts by

AERJHE JCHEMN2 5RO CHY. GH ©HZ Ot CAPEHYTRIOND SCHz IBISMe Hefardant

(Formula 2) , , , ,
such as Prominated epoxy resins, antimony oxide and phosphorous

compounds; an inorganic ion-exchanger such as bismuth oxide
hydrate; a coloring agent such as carbon black and Indian red;
a stress reducer such as silicone oils and silicone rubbers; a
mold release such as natural waxes, synthetic waxes, higher fatty
acids and their metal salts and paraffins; and an antioxidant as
appropriate.

An epoxy resin composition of the present invention can
be preparedbymixing an epoxy resin, a phenolic resin, an inorganic
filler, a hardening accelerator, a triazole compound and other
additives using a mixer, kneading the mixture using a kneading
machine suchasaroller, a kneader andan extruder, andthenmilling
the product after cooling.

Formanufacturinga semiconductor device by encapsulating
an electric part such as a semiconductor element with an epoxy
resin composition of this invention, molding can be conducted an
appropriate process such as transfer molding, compression molding
and injection molding.

(Example)
This invention will be described with reference to, but

not limited to, Experimental Examples. In the description,
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10 A phenolic resin represented by formula (3) (softening point: 107
degrees centigrade, hydroxy equivalent: 200; hereinafter, referred to as
"Phenolic resin 1") : 6. 0 parts byweight [Chem. 6] OH OH CHz CHz H n
15 (Formula 3) An equivalent ratio of epdAy groups in the total epoxy
resins to phenolic hydroxy groups in the total phenolic resins is calculated
as 1.0. 1,8-Diazabicyclo[5.4.0Jundecene-7 (hereinafter, 20 referred to as
"DBU"): 0.2 parts by weight Spherical fused silica (Micron Co.,Ltd.
Werage particle SiZeF 28%5if): 5.0 Pais byXveighos -
2.4-Triazole-5-thjol represented by formula (4) (Reagent Grade): 0.1
%gﬁgﬁﬁ\}%@ﬁ? [gjﬁearq@;fNel us, 5 (Formula 4) Carnauba wax: 0.2 parts
by weight &%‘I"%@?Q& Pn%’@%rf% Q¥H@%y@1ﬁ5ﬁfﬁang§f’¥%@ing point:

mixed using a mixer, kneaded using 10 two rolls with surface temperature

ob9Q-degress,centiorade and . 25-degress centigrade, repactivela and as "Epoxy

after cooling, milled to obtain an epoxy resin composition. The properties
obthenepdXy: 8.2 parts by weight

[Chem. 5]

O—CHZ—C{—/CHZ o—
, PN
e, < O)—~O)y— en—O]

(Formula 2)

A phenolic resin represented by formula (3) (softening

point: 107 degrees centigrade, hydroxy equivalent: 200;

hereinafter, referredtoas "Phenolicresinl"): 6.0partsbyweight
[Chem. 6]
OH OH

(Formula 3)

@

An equivalent ratio of epoxy groups in the total epoxy
resins to phenolic hydroxy groups in the total phenolic resins
is calculated as 1.0.

1,8-Diazabicyclo[5.4.0]undecene-7 (hereinafter,
referred to as "DBU"): 0.2 parts by weight

Spherical fusedsilica (MicronCo., Ltd., averageparticle

size: 28 um): 85.0 parts by weight
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resin composition thus obtained were evaluated as follows. The results
are shown in Table 1. 15 Evaluation method Spiral flow: determined in cm
using a mold for spiral flow determination in accordance with EMMI-1-66,
under the conditions of a mold temperatize: 175 degrees centgrade, an
injection pressure: 6.9 MPa and a curing time: 120 sec. It is known that
20 a spiral flow of 80 cm or less leads to defective molding such as an
unfilled package. Thus, this parameter can be used as an index of
reliability of asefmidordtitdrdevidd! Mh s Siréigth<a ransfer ridiging®)
ézginee \%a fjggcej to f8r test I]C)Cigc?is for ag e%ive strength with a size of
mmx 2 m x)2 mm (18 pleces gvéﬁfoﬁ alead frame under the
@@g@iﬂqns; (]:)f a mold temperature: 175 degrees centigrade, an injection
pressure: 9.8 MPa and a curing time: 120 sec. Lead frames used 13 were

two ty es*\\a copper frame plated with silver (Frame 1) and an NiPd alloy
frame/{vith gold (Frame 2). Then, an automatic shear-strength measuring

dévice MGE Inc., PC2400) was used to determine shear strength of a
cured epoxy resin composition and 5 a lead frame. A measured shear
strehgi"Was given as an average of 10 pieces in N/mm2. Soldering
resistance: a 176-pin LQFP package (a package size: 24 x 24 mm, a

thickness: 2 R silledt cllipsizd &6 R8.0"mh7 Hlead frame: a
176-pin pre:splating frame ma f an 10 NiPd alloy plated with Au) was
gclggagog Ealﬁgk %eg rQs %{dxfr yéqg%

transfer-m under the conditions “of & m emperature: 175 degrees
centigradesgn injection PHeseWe; &3 MP2ea Quingfime; 120,se¢ anthey using

then post-cured at 175 degrees centigrade for 8 hours. The resulting
paekaga Wasyith surface temperature of 90 degrees centigrade and
25 degrees centigrade, repectively, and after cooling, milled to
obtain an epoxy resin composition. The properties of the epoxy
resin composition thus obtained were evaluated as follows. The
results are shown in Table 1.
Evaluation method

Spiral flow: determined in cmusing a mold for spiral flow
determination in accordance with EMMI-1-66, under the conditions
of a mold temperature: 175 degrees centgrade, an injection
pressure: 6.9 MPa and a curing time: 120 sec. It is known that
a spiral flow of 80 cm or less leads to defective molding such
as an unfilled package. Thus, this parameter can be used as an
index of reliability of a semiconductor device.

Adhesive strength: a transfer molding machine was used
to form test pieces for adhesive strength with a size of 2 mm X
2mm x 2mm (10 pieces/level) on a lead frame under the conditions
of a mold temperature: 175 degrees centigrade, an injection

pressure: 9.8 MPa and a curing time: 120 sec. Lead frames used
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humidified under the conditions of a temperature: 85 degrees 15

centigrade and a relative humidity: 60 % for 168 hours. Then, the

package was immersed in a solder bath at 260 degrees centigrade for 10

sec. The immersed package in the solderavas observed using an

ultrasonic test equipment to determine a peeling incidence in an interface
Betfednthe- P SIN coaped chip) and @i elied epony 20 +esin (Frame 1) and
comppsition&(the number of peeled packages)/(the total number of

PACKEGES) X100Y irf AFFseling ficidence oF 1695 of less S8&Ms 16 Thdicdte™atic

a reliable package. Experimental Examples 2 t Accordi ending
Rt AL LI bR ToSi 28 CoNRR A herd PRoDMILA i uod ©o

gualuated as described in Experimental Examplg 1. JTeresHits 38 osition and

shown in Tables 1 and 2. Specific epoxy resins and phenolic resins used
are shawn-iarld. Tabless Jiiageleseempoynds tiged indkeexpermentsn average

other than Experimental Example 1 are as follows.
8fAmihoel 2ok triaizolétBathial represented by formula 5 (5) (Reagent
grade) [Chem. 8] ~NHz N HS~N (Formula 5)
3,5-Dimercaptsie 12 adringslesepreseiited By formiia (6)F 1 ogReaent (2 package
grade) [Chem. 9] SH N
size: 24 x 24 mm, a thickness: 2.0 mm, a silicon chip size: 8.0
x 8.0 mm, a lead frame: a 176-pin pre-plating frame made of an
NiPdalloyplatedwithAu) was transfer-moldedunder the conditions
of a mold temperature: 175 degrees centigrade, an injection
pressure: 9.3 MPa, a curing time: 120 sec, and then post-cured
at 175 degrees centigrade for 8 hours. The resulting package was
humidified under the conditions of a temperature: 85 degrees
centigrade and a relative humidity: 60 % for 168 hours. Then,
the package was immersed in a solder bath at 260 degrees centigrade
for 10 sec. The immersed package in the solder was observed using
an ultrasonic test equipment to determine a peeling incidence in
an interface between the chip (SiN coated chip) and an cured epoxy
resin composition[ (the number of peeled packages)/ (the total
number of packages) x 100] in %. A peeling incidence of 10 % or
less seems to indicate a reliable package.
Experimental Examples 2 to 15

According to blending rates in Tables 1 and 2, epoxy resin
compositions were prepared and evaluated as described in

Experimental Example 1. The results are shown in Tables 1 and

2. Specific epoxy resins and phenolic resins used are shown in
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HS"~N (Formula 6) 3-Hydroxy-1,2,4-triazole-5-thiolrepresented by
formula 15 (7) (Reagent grade) [Chem. 10] OH N HS"~N (Formula 7)
5-Mercapto-1,2,4-triazole-3-methanol represented by 20 formula (8)
(Reagent grade) [Chem. 11] 15 HO N H&-N (Formula 8)
2-(4'-Morpholinodithio)benzothiazole represented by formula (9)
(Kawaguchi Chemical Industry Co,. Ltd.) 5 [Chem. 12] S-N 0 N (Formula

9) [Table 1] Tabb 1 ExperinentalExanpbs 123456 Epoxyresh 182
Téaiaée? §2 S_E‘rlazole compounds used in the experiments other than

Experimental Example 1 are as follows.

3-Amino-1,2,4-triazole-5-thiol represented by formula
(5) (Reagent grade)

[Chem. 8]

NH
)
HS//<\N/N

(Formula 5)

2

3,5-Dimercapto-1,2,4-triazole representedby formula (6)
(Reagent grade)

[Chem. 9]

SH
g
HS N/
(Formula 6)
3-Hydroxy-1,2,4-triazole-5-thiol represented by formula
(7) (Reagent grade)
[Chem. 10]

OH
HS N/
(Formula 7)
5-Mercapto-1,2,4-triazole-3-methanol represented by

formula (8) (Reagent grade)

[Chem. 11]



--------------------- Epoxy resh 2 7.4 Phenol resin 1 6.0 6.0 6.0 6.0 6.0
Phenol resh 2 6.8 6quivanntratb ofepoxy/lheno}b hydmxy group 1.0 1.0

10101010 --------

----DBU 02 0.20.29820.2 0.2 -

\
/4/1\1- 3-Am ho-1,2,4-triEzob-5-tbl Eonnuh ~)) 0.1
lSI,S\S-Diné\i‘apto-l,2,4 -trhzob ~onnuh ~)) 0.1

3-Hydmxy-1,2,4-triizob-5-thnl'ormuh (7)) 0.1
5-Merczias12:4-4rigz0b-3-methanol F(onnuh 8)) 0.1 2-@

-Morpholhodithb)benzothhzob'ormuh 0)) Camauba wax 02 0.2 0.2 02 0.2
0.2 ---—--- 2Z={4L~Morpheoi-inedithio)beCarboibhckl@ 38030183 ed by
0.3 0.3 Spiralfbw [cm] 95 85 90 95 95 100 -.5- 11.8 -- 9.8 Adhesive

SeeRgthdNAAMm2{Kanaguian @pmnical.  Industry. Co, .
-10.4--12.5-11.4. -~ -2.8 -2 ==mmmmmmmmmmv Frane 210.7 11.8 11.3 9.5 9.0

1tgo g’

(Formula 9)

Ltd.)

[Table 1]
Tebk 1
Expermental Exampks
1] 213 4| 5| 6
Fpoxy tesh 1 821 821 82| 82| 82
Epoxy resn 2 74
Phenolt: resh 1 60| 60| 60| 60 60
Phenolt resh 2 6.8
Cquivaknt matb of epoxy/phenolc hydroxy goup| 1.0 | 10| 10| 10| 10| 10
DBU 02 ] 02 02 02 021 02
Sphertal fiised silca 80| 80| 80| 80| 80| &0
124-Trizok-5-thbl Homuh @) 0.1 0.1
3-Am o1 24-trezob-5-thbl Fomuh 6)) 0.1
35D inercapto-1,24-trizok Fomuh 6)) 0.1
3Hydroxy-124-trizoke-5-thbl omuh () 0.1
5-Mercapto1.24-trivob-3-methanol Fomuh 8)) 0.1
2-Morpholhodihbbenzothizok Comub 0))
Camauba wax 02 0202 02 021 02
Carbon blck 03] 03] 03] 03] 03] 03
Spialfbw [cm] B & V| B[ % | 10
. Freme 1 104 125f 114] 98 | 95 | 118
Adhesive stiength /2] [ 107 18] 113 95 [ a0 [ 115
) ) Chi peelng etdence @) 0 0 0 0 0 0
Sollerng resitance Trerbed peeling hetlenco 6) ol 0T o o 0 0




Sollering iesstance ft peelhg incilence o) .----0 ------ 0 - - - -

------------------------------- | ner-bad peelhg ncilence (/o) 000000 16
Table 1 (continued) Experimental Examples 7 8 9 10 11 12 Epoxy resin 1
7.1 6.5 - e
--------------------- Epoxyresin 2 74 74 74 74
-------------------------------------------- Table-l-loomtinuedl e coooom oo o et
------- Pl-enolic resin 1 5.2 4.8 Experimental Examples
--------------------------------------------------------------- 7 {8 f-e et |12
Ry Rgnolicresin 2 boc bs bs b.o 71 6.5
Eroxy esine T ENNERNEA N
EE@%T%E%NEF@WT&IFO'W'ED’OYWWGFHTC’WF XY group) 1] U'l'.U'l'.U'l'.'T%'.B""E_é'"
r_ema-lé-':-ég-l- _________________________ e ———— e ——————] .-_'_él-_é:: :::S:é:_-.::_é_g_ _____ '6 'l'é'__. —_—— T
““E-E-qfﬂx-ré-lé-nt ratio owzepoxy p%em% 29,:0;@ aroup) ___1_._[_)__ 10 |1 1.0 1.0 10 1 10
RS Spherical-fused-silica-85.0{85.0-95 &rat.d'esl0 8.0 22 L B2
[Spherical fused silica | 500 | 800 | =50 | 850 | 800 | 850
2.4 Tizerle 500l T punte@ible 5. thiol (Forpula. (4)) 2.0 8.0 |- 20_] 30
B Amm'J:_Z'.%'_ma?'.ql'_e..5"tl:ILQLKF'QED:IULE'E@':::::::::. '::Q_l':_ i pullyelynbralys —— —-——
3 5eDimercapionl.2 4 YigsiiEnpaariazole-Sr-thlol (FomililalG)) o]
S=tydrooy=t 2 d=triszcle=S=thicl (Fammula L)L oo koo g -0 oo e -
5-Mer$BDimdrosptoeiiddettiazs & (Form(fia [6)) 01 ol
2-(4-erpholinedthioberzothiozle-Formmeter @ -—- f--mmro Jooeme foeoeee oo oo
Cerradeiroxy-1,2,4-triazole-5-thiol (Formula 67) 0b2 | 02 | 02 | 02 | 02
g e =T e S pexc i O AC I S 0.3
SEiral flow [om] a0 a0 95 95 &h 20
sdhoshve strongth [NFER Lo |21 ] 338 | 0 [ 01 08 [ 100
Frame 2 136 | 131 ] 107 | 96 103 | 97
Soldering resistance | JRResling incidence () ____ || oo o .o 1.8 |0
Inner-lead pesling incidence (] O 0 0 0 10 10
[Table 2]
Tablke 2
Exp. Exampls
13 14 15
Epoxy resih 1 8.2 8.2
Epoxy resh 2 7.4
Phenolic resih 1 6.0 6.0
Phenolic resi 2 6.8
Equivalent rato of epoxy/phenolic hydroxy group)] 1.0 1.0 1.0
DBU 0.2 0.2 0.2
Spherical fused silica 85.0 | 85.0 | 85.0
2— @' -M orpho Inodithio)benzothiazol Fomuk O)) 0.1
Camuaba wax 0.2 0.2 0.2
C arbon bhck 0.3 0.3 0.3
Spial fbw [cm | 95 105 80
. Frame 1 3.0 3.8 5.6
Adhesive strength [N/mm 2] o 5% R =1
. . Chi peelng ncidence &) 40 30 30
Solerhg resistance hner-lad peeling incidence &) 30 30 20
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5-Mercapto-124-triazole-3-methanol (Formula (8)) 0.1 2-
4"-Morpholinodithio)benzothiazole (Formula (9))

----- Carbon black 0.3 0.3 0.3 0.3 0.310.3-1 Spiral flow [cm] 90 90 95 95
85 80 Framed 11-1 -- 135111 101 105 10_0 Adhesive strength [ Frame 2
13318197 9.6 103 9.7 Soldering resistance Chi - p - peeli - ng - i - ncid

- ence - (%) ------- --- 0----- Q --- --- Qabl-3 0 ------ 0 ------ 0-- | rner-lead
------------------ peel in incidence (Yp1ee-Qikd 10 |Jable A4 abie 2 Bpn
Example’ Bdal& | Epoxyoresinfl - - - - - - - ----1------ 8.0 B8R ig Point: 53°C

EvoEpexy | ERire R T phbRoties kesin [ 6107610y BHenol|d e3P 6. B Rayival 270

EpoSpheritalFusedysame epexy resi-—-|Japan Bpoxy-ReshslY 2-(WMHK |

Rtratic-oHepE B Renolic-hydrerer Broupy 01014 DRUO-2 o2
M etz porrt: 105°C

Epoxy eq.: 190

OXpHONYB Y T B R Rt Sz n R qrmuta - = = = - - - |- - == == - Softenig pont: 107°C

Phenole et il o0 Gramuabawax 0.30 8 0eeEon HIEEK08D)3 Q13 :Seq.: 200

Pheira]gbw.crb%k%ﬁedﬁ@hmwcstrﬁg}pc N/m m 21 Hggﬂf 1 38 &8 hbpoint: 77°C

1esing

. m
rame hebol resh ©

Hydroxy eq.:174

The results from Experimental Examples 1 to 5 show that
an epoxy resin composition comprising a triazole compound has
improvedaffinitytoapre-platingleadframe, resultinginahighly
reliable package. Comparable results were obtained when
replacing a substituent other than thiol with hydrogen or a
functional group reactive to an epoxy resin. In Experimental
Examples 6 to 10, adding a triazole compound can improve package
reliability although varying depending on the types of the resins.
In Experimental Examples 11 and 12 as a system to which a large
amount of a triazole compoundwas added, reliabilitymaybe improved
while flowability may be reduced. 1In Experimental Examples 13
and 14 as a systemwithout a triazole compound, package reliability
was lower irrespective of the typesof theresins. InExperimental
Example 15 in which a triazole compound was replaced with
2- (4" -morpholinodithio)benzothiazole (Formula (9)), the compound
has a substantially larger molecular weight than the compounds
used in this invention. Thus, although the compound of Formula
(9) was used in the same amount as that for the triazole compounds
used in Experimental Examples 1 to 12, its effect is insufficient

in a particular concentration, resulting in reduced adhesive



Soldering resistance Chj_2eeling incidence (6) 40 30 30 Inner-lead
peeling incidence (0) 30 30 20 17 [Table 3] Tabs 3 M anuficturer Trade
name D esc ' tin eno ra type epoxy Softening Point: 58C Epoxy resin 1
resin having a biphenyhne N )ppon Kayaleu NC-3000P Epoxy eq. : 272
swictine Epoxy resin 2 B iphenyl type epoxy resin Japan Epoxy Resins
¥Xc40Q0HK Melting point108€r Epoxy @gLsIg0 Phenohralkylresin having
a Softening point:107C Phenolic b’ hen I19ne structure M ei a Chem teals
M EH7851SS H dro e 200 Phenolic resn p Xylene-modieed novohc M
itsuiChem i als XLC-LL Softening point:77C Itype henolres H dro ea.: 174
The results from Experimental Examples 1 to 5 show that an epoxy resin
composition comprising a triazole compound has 5 improved affinity to a
pre-plating lead frame, resulting in a highly reliable package. Comparable
results were obtained when replacing a substituent other than thiol with
hydrogen or a functional group reactive to an epoxy resin. In
Experimental Examples 6 to 10, adding a triazole compound can improve
package 10 reliability although varying depending on the types of the
resins . In Experimental Examples 11 and 12 as a system to which a
large amount of a triazole compoundwas added, reliability maybe
improved while flowability may be reduced. In Experimental Examples 13
and 14 as a system without a triazole compound, package reliability 15
was lower irrespective of the types of the resins . In Experimental
Example 15 in which a triazole compound was replaced with
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2-(4'-morpholinodithio)benzothiazole (Formula (9)), the compound has a
substantially larger molecular weight than the compounds used in this

invention. Thus, although the compound of Formula 20 (9) was used in

the same amount as that for the triazolett®@mpounds used in

Experimental Examples 1 to 12, its effect is insufficient in a particular
concentration, resulting in reduced adHesiM83.8 strength and poor

soldering resistance. 19 CLAIMS [1] An epoxy resin composition for
encapsulating a semiconductor essentially comprising (A) an epoxy resin,

(B) a 5 phenolicresin, (C) a hardening accelerator, () an inorganic filler.

ant ) & Hia3olt BoRioi P e P b GohGial Ka i (5 Tonens
ILR1-Naddewd NN (Rormpla 1) L0 wherein R fepresents ydrogen, (5 a
atom, or mercapto group, amino group, hydroxyl group or a hydrocarbon
shaingvith-k tas8 ngarbon atoms-eantginingone-ar-mofeof the funstigralic filler
groups as an end group and wherein the triazole compound is contained
man(@mnount of 801lto 2 Sbbyuwreight torthecdotat dmouneofdhe Yesiordbla (1) :
composition. [ 2 ] A semiconductor device wherein a semiconductor

efersant islencapsulated using the epoxy resin composition according to

claim 1. 29
R1

g
HS N/
(Formula 1)
wherein R1 represents hydrogen atom, or mercapto group,
amino group, hydroxyl group or a hydrocarbon chain with 1 to 8
carbon atoms containing one or more of the functional groups as
an end group and wherein the triazole compound is contained in
an amount of 0.01 to 2 $ by weight to the total amount of the resin
composition.
[2] Asemiconductor device whereina semiconductorelement

is encapsulated using the epoxy resin composition according to

claim 1.



