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I SP1C FI CATI ON EPOXY RESI N COMPQOSI TI ON AND

SEM CONDUCTOR DEVICE 5 Field of the Invention This
invention relates to an epoxy resin conposition for
encapsul ating a sem conductor amd to a sem conduct or
device therewith. 10 Description of the Related Art An
epoxy resin conposition has been predom nantly used

for encapsul ati ng a sem conduct or devi ce because it has
wel | - bal anced properties sBEH-IEEICHEYGHuUctivity, a cost

and reliability. In surface nounting for such a

sem conduct or device, 15 the sem conductor device is
suddenly exposed to an el evated tenperature of 200 C

or hi gherBBe¥Y nREATR oT8FOUT PPPRgRBP SONEEPNDU@TPBWOEVICE
process, |eading to explosive vaporization of absorbed

noi sture. Such vaporization may generate a sufficient
stress to cause peeling in an interface between each
pFaeeéd phntheohnvanti@d seni conductor el ement, | ead

franme or inner lead and a cured epoxy resin

conposi t i Dmis omvardciks: relatseniceanducbey deviceomposition for
leading to significantly lower reliability. For
sehvipgutheipygobl eamdbEodeterpor ahedtoekbi abinlicbyddueort Gevice
sol dering, there has been commonly used a technique
tbaerawtbhtent 25 of an inorganic filler in an epoxy
resin conmposition is increased for reducing noisture
absorption, inproving strength and reducing therma
expansion to i nprove sol dering resistance and a resin
whehcpiptionepfnehe ResabsdtHrts used to maintain a

| ower viscosity and higher flowability during nol ding.
Meanwhi | ein agthesy verrelss dampars iinitcer frace thetweerdandusedly used
epoxy resin conposition and a base material such as a

sént cendagtotat bnegl eneanianddacteaddévaoe kmethupcait has
sem conduct or devi ce has been significantly inportant
feellnpadsnogdretroabrtiey afitkrasobdedungivity, a cost and

reliability. Insurfacemountingfor suchasemiconductordevice,
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 & cured epoxy
resin composition, or cracks in a semiconductor device, leading
to significantly lower reliability.

For solving the problem of detericrated reliability due
toscldering, therehas beencommonlyusedatechnique that a content
of an inorganic filler in an epoxy resin composition is increased
for reducing moisture absorptiocn, improving strength and reducing

thermal expansion to improve soldering resistance and a resin with
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When adhesive strength in the interface i s weak,

peeling may occur in the interface between the cured

epoxy resin conposition and the base material after

sol dering, leading to cracks in2the 10 sem conduct or

device. In order to inprove soldering resistance, there

have been attenpts for inproving adhesiveness at the

interface between a base material and the cured epoxy

r 8st oMo VilEROBY taddEngsed sl maneteduphi hyvagentscosity and

such as y-glycidoxypropyltrinethoxysilane 15 and

yb€ﬁ%?ﬁa%?9W6§9b#éﬁyﬁ?#ﬁhﬁeﬂﬁé%?@gkane to the epoxy

resin conposition. However, these silane coupling

agent s al ¥penWaves, Feduel Ve uat ent nheefaperieetween a cured

strict requirenment in soldering resistance in

aSBBTY &ASeR WWHIPC Bl hi ghandraabaFawatenperlatucle agur sRgiconductor

mounting and the use of a pre-plating frane made of N,
Nelpgenk and Nlepd Aiaps FespdRse 1oncdrdtforalevice has been

sol der. For dealing with the problem there have been

stiygesf 282N Ly fLEEe teeat dh i MBroH i neae Liedid it #f wer soldering.

al koxysi | ane coupling agent (e. g., see Japanese
L‘ﬁh%ﬁcﬁ@éﬁﬁiﬁ%ﬁﬁr%ﬁghd&t £BA INd-er frog i 850600) pardiag may cccur
resin conmposition and a resin-encapsul ated type 25

sehi Bt diict oF L aresi et wanit dift My e ipexol eesdul ffomposition and

enam de orthiuram conpound ée..g., see Japanese

LEia- bpen PaterteApplTFeat FehdrBENg, 19874209170 ghdcks in the
1987-260344). However, the silane coupling agent 3

deeR FPRA T hoJaparése- Lai d- open Patent Application No.

1994- 350000 has a drawback that it is unstable at an

el evat ed tRMFéRat bf MPIVEdF AgLE BN FTihadtg ythere have been
i nproved adhesjon after sqldering resistance

{7 BEEBNE . Thel BORPBUNIS SCr  Bets ¥ 7 1) dgnddé &g face between a
ai d- open Patentcfp lication Nos. 1987-209170 and _
19872 JB032% Favi Y %5 GHEFINBPERYI 5% S hei GHIP etk kohiy pdding a

many unst abl e bonds (such as nitrogen-sul fur bond) |,

afdl FRBCIUP b adeaedUED b YpassrbigxvaEepHposéncthogysilane

encapsul ating resin after_ nolding. Patent Docunentl:

JPDA m(mq@wwr%bﬁw&%}ﬁwﬁqae Jm A epoxy resin

1987-209%70

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 cr
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) and aresin compositionand a resin-encapsulated type
semiconductordevicecontainingathiazole,sulfenamideorthiu&am
cempound (e. g., see Japanese Laid-open Patent Application Nos.

1987-209170and 1987-260344) . However, the silane couplingagent
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Pat ent Docunment 3: JP-A No. 1987-260344 DI SCLOSURE OF

THE | NVENTI ON An object of the invention is to provide

an epoxy resin 15 conposition and a sem conduct or

devi ce exhibiting good soldering resistance in which

peeling froma |l ead franme does not occur during

sol dering after noisture absorption. According to the

present invention, there are provided the follow ngs.

20=F¢t ibndepoikyparess ail.e boposehiran choramicansul 3 1891894-350000
sem conductor conprising (A) an epoxy resin, (B) a
phenotidra@sani tiL) aihardeningAccelenat elevebrd@Remperature,
inorganic filler and (E) a triazole conmpound. [21 The

epeagiingsta tompésitientiorimpeapsul aihegian 85ter soldering
sem conductor according to [1], wherein the triazole

coapdsndncs tacaompatnd hBA¥I 8gmBodnds4dbEbaZBks KhNGapanese
[3] The epoxy resin conposition for encapsulating a 4

sbal deodas rar cac g ingh #1001 bs . Weerebn sthe 4id 839V £260344 have
conmpound is a conpound represented by general formula

(d)hidihemolcRiad keririltaab)l Sofwhes ahdh RudSRESeMohds (such
hydrogen atom or nercapto group, am no group, hydroxy

ga S UPL tofo eyl BaF bamdhabRawW ks ki @ 58685 BOBG &8 B possibly
contai ning one or nore of the functional groups as an

efdco@gboupd) ih4k dheaepaxytiBgi ReSOAPOSLLLORLT At ng.
encapsulating a 10 sem conductor according to [1?,[2]

oPhB¢ntWhetehanthe trpazale, compowrbdso contained in an
amount of 0.01 to 2 % by weight to the total anount of

theteesi Docompaskti onyp{HINaA send conguctor device
wherein a sem conductor elenment is encapsul ated using

t hgt EROXPoteREAL SONMPQRE LA Qb acosy dingn 1/

DISCLOSURE CF THE INVENTION

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

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

[1] An epoxy resin compesition for encapsulating a
semiconductor comprising (A) an epoxy resin, (B) aphenolic 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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15 [11,[21,[31 or [4]. A sem conductor device prepared

usi ng an epoxy resin conposition of the present

i nvention has a characteristic that peeling froma

| ead frame is prevented even duging sol dering after

noi sture absorption, resulting in reliable resistance

to soldering. 20 The epoxy resin conposition of this

i nvention can be, therefore, extensively used for a
VAPTEEPNERCEesi 3 epredpsultat il hy, twipere seruheondilgtol e compound is
devices. In particular, significant inprovenent can be
aéhFeveaUNH HEheSEvbhedsbiietneenad Cormdleesiln:

conposition and a plated lead frane (e. g., a

silFRer-plated | ead frame, a 25 nickel-plated |ead

frame, a pre-plating frane in which a 5

ni ckel / palRldium alloy is plated with gold). Thus, the
conmpogy-+on can be suitably used in a sem conduct or

devi c ing a plated |ead frame. Since the epoxy

r gsin osition of the present invention 5 has a
characteristic thBbrpeehihyg froma lead frane is

prevented even during soldering after noisture

absor pt i ofvhareenikonducteentdevydecprrparced usimgrddec group,
conposition is reliably resistant to soldering. 10

BES T %/00R UFOR CARRYY NEoQUTo T HE: v NVENTH @M Theiprasent to 8 carben
i nvention provides an epoxy resin conposition

exhPBFt F Pyt Footn g gt rd g ores oSt Aheefwhchootapestdwgs as an end
froma lead frame during soldering after noisture

aPEBFPt i on because it contains an epoxy resin, a

phenolic resin, a hardening accelerator, 15 an

i norgani cl$i|Tep apaxa repazofemeespbiad. LThi encapsulating a
invention will be described in detail. An epoxy resin
uSeB1iFANEHEL BF e3RP L HANENEP ol Inal2 beor [generdidnein the triazole
sel ected from nononers, oligoners and po&yners havi ng

t ABTBPURBr &5 epOX Y2 HROUPEN | 3 oHeO Wt exlul®, 0% rfd Witngy weight to
but not limted 20 to, hydroquinone type epoxy resins,
bFaphefbfl AZRYBBL ePEXTRPeER RSN CBW@EﬁégéPﬂFtype epoxy

resins, bighenyl type epoxy resins, stil bene
[5] Asemiconductordevicewherein a semiconductor element

u

is encapsulated using the epcxy resin compeosition according to
[11,102],[3] or [4].

A semiconductor device prepared using an epoxy resin
compositicon cof the present invention has a characteristic that
peeling from a lead frame is prevented even during soldering after
moistureabsorption, resultinginreliableresistancetosoldering.
The epoxy resin composition of this invention can be, therefore,
extensively used for a variety of resin encapsulating type
semiconducter 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



10

15

type epoxy resins, phenol novolac type epoxy resins,

cresol novol ac type epoxy resins, naphthol novol ac type

epoxy resins, triphenol nethane type epoxy resin,

al kyl -nmodi fi ed 25 tri phenol net hgne type epoxy resins,

di cycl opent adi ene-nodi fied phenol type epoxy resins,
phenol ar al kyl type epoxy resins (having, for exanple,

a phenyl ene_or bi phenyl ene structure in the main chain)
,n6CHﬁéﬁ?ﬁéﬂéﬁépwyﬁlﬂ9weiép§%§tﬁésWﬁ§h(ha&dmg, Thus, the

f orexanpl e, aphenyl ene or biphenylene structure in the
MEPAPERAFAPD T penéLlibabf vedsepHensl stypecepoxyor ebivise using
and triazine-core containing epoxy resins. These epoxy
resPndtednlsadusedmat one or in conbination of two or 5

nore. A phenolic resin used in the present invention

may be gehefaltihy SRbEered inrempsndnersef dhiegonesenandvention
pol ymers having two or nore fhenolic hydr oxy groups in

one® IRt S HANE hjat peelioy 1191 redeed, fpirendls prevented
novol ac type resins, cresol novolac 10 type resins,

pREBRBI HI N POt fige 1ngst hise ¥ B@distgiref apsekappbe, asemiconductor
phenyl ene or bi phenyl ene structure in the main chain),

napht Adl BF APyt Ypen§ e QA g, orf ors eedrplbdy aesistant to
phenyl ene or bi phenyl ene structure in the main chain),

t 8P pEREINDBdi fi ed phenolic resins,

di cycl opent adi ene-nodi fi ed phenolic resins, 15

tri phenol net hane type phenolic resins and bi spheno

conmpounds.  The phenolic resins my be used alone or in
coiBIndtq R BF R W RB¥ INGr &V AnTEEUi VR BNE 1Pt i o of

epoxy groups in the total epoxy resins to phenolic

hydr oxy gFotps SSRithe? Yot &t OpRERSEAE Srus PREXZ(F§5in composition

pref er abl O.QHLO i.o,, articularly preferably 0.7 to

o505 B0y B @3tk SPARGE  PELF PRES pRBRR A WOt BPetang from a 1ead
resi stance, and trg i ke nag be deteriorated. A _

haf F8ni NY° AL efBratbr"asBt-Fh TReShreEceRPSPRVEBHPI ORSRAYSe it
be an¥.co ound whi ch can act as a catalyst for a

crOSEFHRRPAGODE Feachi 6PHi At @pBRYr &t 9¢t Hgaccelerator,
henplic resin,, Thus, it ma

pan ?norganfc fllTer and a griazole compound.

This invention will be described in detail.

An epoxy resin used in the present invention may be
generally selected from monomers, oligomers and polymers having
two ormore epoxy groups inonemolecule, including, but not limited
te, hydroquinone type epoxy resins, bisphenol-2A type epoxy resins,
bisphenol-Ftypeepoxyresins, biphenyl typeepoxyresins, stilbene
type epoxy resins, phencl novolac type epoxy resins, cresol novolac
type epoxy resins, naphthol novolac type epoxy resins,
triphenclmethane type epoxy resin, alkyl-modified
triphenclmethane type epoxy resins, dicyclopentadiene-modified

phenol type epoxy resins, phenolaralkyl type epoxy resins (having,

forexample, aphenylene orbiphenylene structure inthemainchain),
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be a conpounds commonly used for a encapsul ating
material, including, but not [imted to, am nes such
as tributylam ne and 7 1, 8-diazabicyclo [5. 4. 0]
undecene-7; organophosphorous c®nmpounds such as

tri phenyl phosphi ne and tetraphenyl phosphoni um
tetraphenyl borate; and i m dazol es such as

R L AT Bubrttit O U5 bRy B of Sirmbire. » Phenylens

P 9n0NE L e uaes 0 e LESERL, | NETLL On TN D i e

SQIBESE L0 LAt ACARSN S0, 8 O CONCL oLy westng.

TS I8 S0 S UL L0e, A0 TISRE ok o o
wo or nore. Wen increasing a blending quantity of

an inhorganic filler, it is common to used fused
silica. E %gg sid{ica may be either . crushed or,

spheri cals BUT G T TPt tuB et hmimiSS ke SPrRtiken may be

1 ed sili.ca.for .increasing a blending quantity of .
e e S e GOSN PR, (o GEe 11174 Refmers having

w6 el cgp o el comentiion Ee Lther
R g R -
Sedacn 220 ule qu e v e e pielt e
S e LD gl Lovend 0 L o, ot
A M, T S
L%iﬁi%rrrg}r‘fér?eceséxou&@’ee@n cel i ng, i]crha?in ): ,gflf%l{_pg%cl‘%—r{ibct)di fied

ove nol sture resistance an e

(AN Stee ol ) TS S SRSy ML B recins,
rﬁ?ﬂﬂhenolmethane type phenolic resins and bisphenol compcunds.
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 phenclic 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 phenclic resin. Thus, it may
be a compounds commonly used for a encapsulating material,

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



5

10

15

conmposition, resulting in inproved reliability of the
sem conductor device. A triazole conmpound used in the
present invention is a 5 conpound having a
1,2,4-triazole ring and 1,2,3-t#iazole ring; for
exanpl e those conpounds as shown by the fornul as bel ow
[Chem 2] H2N\ SHNH2 \ iNHN N Z HOOC N SH N H SH
HS HH RL HS N | N N H HOOC HOOC HOOC HOOC 10 O
theS e oo, © B oot ¢t ebenreg g heliehorous compounds
fO||0MAng general fornula (1) is preferred. In

gt @it d rlﬁwmn%fa%n‘é@ialraﬁlmmml@m&mhomum
essential ly conprises mercapto group, which is

f@aH%R}féefiﬁbU%Pl’n%E%a a%@l%ﬁ%% NP ¢ st stameet kahinedazole.

These hardening accelerators may be used alone or in combination
of two or more.

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,
crystallinesilica, alumina, siliconnitride andaiuminumnitride.
These incrganic fillers may be used alone or in combination of
two or more.

Whenincreasingablendingquantityofaninorganicfiller,
it is common to used fused silica. Fused silica may be either
crushed or spherical, but it is preferable tomainly use spherical
fusedsilica for increasing a blending quantity of the fusedsilica
and preventing increase in a melt viscosity of an epoxy resin
compesition. 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

refiow—cracking resistance of a semiconductor device in which a
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achi eved even when a senmi conductor device is nounted on

a non-copper frame, and the sem conductor device can

be encapsul ated with such a conpound to inprove

reliability of the sem conductdt device. [Chem 3] Rl

5 (wherein R represents hydrogen atom or nercapto

group, amno group, hydr oxyl group or a hydrocarbon
ain w referably 1 to 6 carbon atons

O T GHe rTRTe o | THARSU R4 ORER T Sharesin
groups as. an end 0 ), 10, CIfIC exanples of the
s LTE TTSTCHb b TRt 41§ POF e 19 NFpe

~' NéIN N HS~., VN HS HO Here, a content of
t?ﬁ@%??%ﬁﬁﬁ P SHPBiHa used in the present invention is
preferably, but not |imted to, 0.01 to 2 % by wei ght
15 to t hé tr&ze ;ﬁwp&r‘méi MESh l@oﬁﬁ@sPF?éﬁ“Théventlon is a
triazol e onp ound be used i.n an anount mnthln t he
T S COHbS L Pt endpsinat g i “friazole ring;

S conductor to achi eve good bal anc betmeen
T e e g A i, A ok S rfprmulas below.

fLﬂ b|| ty of the conposition and to keep good
S 'ﬁa resi stance. 10 An epoxy resin conposition of
this invention may contain, in addition to an epoxy
resin, a phenolic resin, an inorganic filler, a
hardenlng accethator and a triazol e compound, if

@us additives including a coupling

necessary
agent sucl a si |l ane

_N HN.  SH NH
LN//N HZN/<N/N
H

NH, SH SH
N‘( N—
\ N N
HOOC/QN/N QA/)(' /QN‘/\g Hs—~ N/\N
H H H

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, scoldering resistance can be
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5 coupling agents, titanate coupling agents, al um num
coupling agents and al um num zirconi um coupl i ng
agents; a flane retardant such as brom nated epoxy
resins, antinony oxide and phosBhorous conpounds; an

i norgani c i on-exchanger such as bisnmuth oxide hydrate;
a coloring agent such as carbon bl ack and I ndi an red;
19 gistrgss reducer such as, silicone oils and silicone
r ibbérs

SPUEVHOYS? BIPEHSE CEITIT TAE Hat il SHgkesed onanon-copper

synt hetic es, higher fatty acids and their netal _
SAFPESarithDaT S TRESOTINE EY At Banesmencapstiated with such

appropriate.. An. epoxy resjn . conposition of the present ,
| RVeRIr SR daRC B TE Drephrdl byt hid e ERSRRdiELa, device.

a ggenolbg resin, an inorganic filler, a hardening

aé F&rator, a triazole conmpound and ot her additives

using a mxer, kneading the m xture using a kneadi ng

machi ne s as a roller, a kneader and an extruder,

and t mlling the product after cooling. 2D For

manuf cthing a sem conduct or devi ce by encapsul ating

ahSel ecyfic part such as a seniconductor el ement with

an epoxy resin ¢bAPBY+Ei bh of this invention, nolding

can be conduct ed appropri ate process such as

transfer H%?%F%b?%g%ﬁSBE§EQBESH%Y FPYET AT nPEAIS TRP e group,

mol di ng. 25 (Exanple), This inventjon will. be describe

with'Fefefe t5%¥%¥%§ﬁ& gﬁﬂﬁpIqrhﬁtEHHFSFaEQBEr?ﬁ%ﬁ?dTl€L 1 to s,
I In,the description, 11 cqontents are expressed

REBREEEORY et G ST T A P Apag e 0f these

resip. esen formul 2) _(softening point: 58

R kP ERPY L85 URE &7 e B PP aPFa to as

JEPOXY  Sef881Pid" diafly PeRALESRY ¥ERIBLALDED 18] ea betow.

[Chem. 4]

NH,
B =
HS/(N/N ’ Hs/(N/N : HS/4N>N

HO

SH

Here, acontent of the triazole compoundusedin 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 semicconductor, to achieve good balance between
adhesiveness of the composition to a frame and flowability of the

composition and to keep good scldering resistance.
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OCH2 CHCH2 20Z1 ~O-CH CH2 n H (Formula 2) A

phenolic resin represented by fornmula (3) (softening

10 point: 107 degrees centigrade, hydroxy equival ent:

200; hereinafter, referred toq1gs "Phenolic resin 1")

6. 0 parts byweight [Chem 6] OHCH2 CH2 t9) n H

(Formula 3) 15 An equivalent ratio of epoxy groups in

the total epoxy resins to phenolic hydroxy groups in

t he totalAmphpnslimegigscnsposdteahcut ahed Asvdn®ion may contain,
1, 8- Di azabi cycl o[ 5. 4. 0] undecene-7 (hereinafter,

rief eddediontasd OB redil, pasendiyi ekt ght, 2D iSphefdrcal riller,
fusedsilica (McronCo., Ltd., average particle size: 28

g ha85le0uipay teodoyt eweitght abh2 4, 2rdaivlazobepbuhlbi OLf necessary,
represented by fornmula (4) (Reagent Grade): 0.1 parts

bye menghtaddheime s ]indNuding a coupling agent such as silane
coupling agents, titanate coupling agents, aluminum coupling
agents and aluminum/zirconium coupling agents; a flame retardant
such as brominated 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 silicene 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 anepoxy resin, aphenolic resin, an inorganic
filler, a hardening accelerator, a triazole compound and other
additives using a mixer, kneading the mixture using a kneading
machine suchas aroller, a kneader andanextruder, andthenmilling
the product after cooling.

Formanufacturing a 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 transfermolding, compressionmolding
and injecticon molding.

(Example)

This invention will be described with reference to, but

nect limited to, Experimental Examples. In the descriptiocn,
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7 HS N5 (Formula 4) Carnauba wax: 0.2 parts by weight
Carbon black: 0.3 parts by weight. These conponents
were m xed using a m xer, kneaded using two rolls wth
surface tenperature of 90 degréds centigrade and 10 25
degrees centigrade, repectively, and after cooling,
mlled to obtain an epoxy resin conposition. The

pro ertles of the %%?%% resin conp03|t|on t hus
o(bcf NiHed v s BoTiowY “Hehkesults are

val uation method 15 Spiral flow

?}i errrﬁ%eébt‘%kﬁne%fﬁ iig- a mold for spiral flow
determ nation in accordance with EMM -1-66, under the
conditio eQﬁX%rﬁﬁFHIF@W&&P&F@Q?Y@?Sm@é@ﬁééSSoftenlngp01nt
cenggrade an injection aﬁressure 6.9 MPa and a curing

’ 1%%%@qq1{vall§%o ‘tHatrednapienl fdimyiofd 80 em "Epoxy
or Les Jeagi o defective molding such 2) as an
Uit ﬁq é%&afﬁﬁj LY 49 %ar anet er can be used as

i reliability of a sem conductor device.
33H5§Wv strength a transfer nol di ng machi ne was used
to formtest pieces for adhesive strength with a size
of O2-@r,*xCH -HCHCH(CH mm (10 pi eces/| emeh); n_@HIJaa,d_CH
frame pnder e€ondi tions 25 of a —a erat ure’

' r

2

an |nJect|on prdssure: ©.8 MPa
s 13 were
ypes:?a c P ; plgﬁg (Frame 1)
Ni Pd alloy frame with gold Then, an
autonatlc shear - strength neasuring deV|ce (DAGE I nc.

%%W gsed to determne shear strength of a
cur ggyz?esin conposition and 5 a lead frane. A

measur ed _sh arogtrength was given as an aver age of 10 .
pleces I# ic 51in represented by formula (3 (softening
point: 107 degrees centigrade, hydroxy equivalent: 200;
hereinafter, referredtoas "Phenolicresinl"): 6.0partsbyweight
[Chem. 6]
OH
CHZ@ { (O Yy—CH, @j’ H
n

(Formula 3)

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

1l,8-Diazabicyclo[b5.4.0]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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Sol dering resistance: a 176-pin LQFP package (a package
size: 24 x 24 mm a thickness: 2.0 nm a silicon chip
size: 8.0 x 80 mMm a lead frame: a 176-pin
pre-plating frame nade of an 1Q2Ni Pdal | oypl at edwi t hAu)
was transfer-nol ded under the conditions of a nold
tenperature: 175 degrees centigrade, an injection
pressure: 9.3 MPa, a curing time: 120 sec, and then
post - cur ebr 2 et ~ A7 Zekp eest kent | redesdored MpufsrmThe (4)
resul ting package was hum dified under the conditions
of Repyenperatde b: 85l degreesbiSwednti gr ade and a
relative humdity: 60 % for 168 hours. Then, the
pHekale Was i nmrersed in a sol der bath at 260 degrees
centigrade for 10 sec. The i mersed package in the
sol de -ﬁﬁs observed using an ultrasonic test equi pnent
erpne a peeling incidence in an interface

t
: bg§meedﬂthe chip (SiN coated chip) and an cured epoxy

2D resin conposition[(the nunber of peel ed

pack®ges)/A(t4he total number of packages) x 100] in %

A peeling incidence of 10 %or |ess seens to indicate

a rel i abl@prckayerabxperd mantd Exampl@st 2 to 15

According to blending rates in Tables 1 and 2, epoxy

resin 25T0MPost tdDhs et epreparediainhteval uat ed as
described in Experinental Exanple 1. The results are

shown i n TEbie§orraRgnts. wspediifiad spoxy a esixs: ahdeaded using
phenolic resins used are shown in 14 Table 3. Triazole

o ditds wdéd prHrEpecekpers rehtse Rh&0 thawees centigrade and
Experimental Exanple 1 are as foll ows.

FATEAGEE 290 A2 0F e- BRI ol v lepr g6t Ble by dakimg .anilled to
(%2 (Reagent grade) 5 [Chem 8] NH2 HST "-N N (Fornmul a

5O L 4 REPEApEBSIN XMRACEHEHoR e Tprawmarddins of the epoxy

formula (6) . . ,
resin composition thus cobtained were evaluated as follows. The

results are shown in Table 1.
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 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 meolding machine was used
te form test pieces for adhesive strength with a size of 2 mm x

Zmm 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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(Reagent grade) 10 [Chem 9] SH HS N (Forrmul a 6)

3- Hydroxy-1,2, 4-triazole-5-thiol represented by

formula (7) (Reagent grade) 15 [Chem 10] OH (Fornul a

7) 5-Mercapto-1,2,4-triazol e-343et hanol represented by

formula (8) (Reagent grade) 2D [Chem 11] 15 HO HS

(Formula 8) 2-(4'-Morpholinodithio)benzothiazol e

represented by formula (9) (Kawaguchi Chem cal

I'HAUStTP EYPESLt §. FOBPEENnERRME 231 {Fod mul th 91 IvEabl(Erdjne 1) and
Tabl e, 1 E>perin-ental Exarrples 123456 Epoxy resin

138D 9% EpokyrPesiHth -gold (Frame 2). Then, an automatic

determine shear strength of a cured epoxy resin composition and
a lead frame. A measured shear strength was given as an average
of 10 pieces in N/mm’.

Soldering resistance: a 176-pin LQFP package (a package
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

NiPdalloyplatedwith Au) was transfer-molded under the conditions
of & 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
humnidified 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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------------- 6.8 (EquvAerit ratio of
epoxy/ phenolic | _yc oxy groLp) --- ------ ------

Table 3. _Triazole cgupreyngs. gﬁegliq)the”experimenis_other than
...... Soh | f d sili
P R

01
1 2 4- Trf%i%?%ﬂ%f%ﬂ%f%TﬁﬁﬁﬁﬂqéﬁTﬁijlOl represented by formula

@rD{ml Z4Jtr|azde 5-th of (Fama (5))01
FTECHpt D A9U- t i azde (Famia (6)) --------

(Formula 5)
3,5—Dimercapto—1,2,4—triazolerepresentedbyformula{6}
(Reagent grade)

[Chem. 9]

{Formula 6)
3-Hydroxy-1,2,4-triazole-5-thicl represented by formula
(7) (Reagent grads)
[Chem. 10]

OH
HS ™ Ny
{Formula /)
S-Mercapto-1,2,4-triazole-3-methanol represented by

formula (8) (Reagent grade}

[Chem. 11]



5

................ QL 3 Fytloxy 1,24 iazde-51 id

(Famla(7))01 ----

(Farmia (8))01

5-fvbr Capbo-1, 2, 4-triazde- 3rnetlla ar al
2-(4' dirrodho~e wth iazde (Parma

(9)) === r==m=mwmmmmmmnm i nsna s

Camarba vex Q - -------- =------- —----o oo

1104

51§.49.89.511.8 Frarre 29.59.011.5
Saver i N;/e3| starrceChP peeling incidence (/O

Irner-1ced peeling incidence (%4000 16 Table 1

tal Exanples
(conti n#éeld uFxperl nmen np

00

Q30303

2= {4’ -Morpholinodithio)benzothiazole represented by

formula (8) (Kawaguchi Chemical Industry Co,. Ltd.)
[Chem. 12]
N S—N 0
=
S
{Formula 9)
[Table 1]
Teble 1
Bxperinmental Bxanples
1 2 3 4 5 6
Epoyresnt 82| 82| 82| 82 82
Epoyresn?2 . 74
_I:-"_r_ing_o_li_c_;_@n 1 e - 60 | 60 @_Q__ __f_iO 60
Phendlic resin 2 e S N 63
o (Eqivelent ratio of epoxy/[::henohc hydoxygroup] 10| 10| 10| 10| 10 10
ey . . .10z} 02| 02 02 ] 02 02
§pl‘__1§nca| fusedglica 850 850_ 850 | 850 _§_5.0 80
124-Triazde5-thid (Formja @ 01 01 ]
3-Arino, _24_-'h‘lazde-5‘thd (Fomda(B) a1 L ]
35-Dirmercepto—1,2.4-triazole (Form.ia e N 01 ]
3-Hydroxy-1, 24;?132de-5‘thc_i_ng‘mja @ . 01 ]
5-Mercapto-1.24-triazde3-methend (Fomua(®) 101 |
2-(4-Mopihdlinodithioberzathiazde Fomua @) 1 1
Q_@r_r_g_._tla WEX . . 02 021 02] @2 ____(_1_2 02
Carbon bladk 03| 03} 03| 03| 03| 03
Soiral flow e % | 8| 0| B[ %H| 10
) Fame 1 104 125| 114 98 | 95 | 118
Adhesive strength [N @] [t
Ve Vel s 1071 118] 1131 95 | 90 | 115
Sddering resist Chip pesling incidence (%) 0l o]l ololo]lo
hnw4&ﬂpﬁdmgmadaxﬂ(@ 0 0 0 0 0 0




- Epoxy-resin-2

g --7.4
------ o A T N0 A R
7,4 Phenolic -- -- -- ------- ------- resin 1----.
------- 5.24.8 ------- Phenolic resin 26.86.86.86.8
(o=@t ratio of ppny3?%%£ﬁﬁﬂm e‘I’?vdroxv group) 1.0
1.0 1.01.01.01.0 ---------------F------ Expenrental Examples
s DBU - ---------- -7-{-8-t-0 1011 ] 12
|Epoxy resint- - - 0. 20. 2 0-2-- N 71 | 65
Epoxyrosin? I 74 |74l 24 | 74 T
Prendicresinl T 52| 48 |
Prendicresin? 68|68 |68 )68 |
___(Equivalent ratio of epoxy/| pherolic_hydroxy group) 10 110 [ 10 1-.6 1::______?_:(_)::-
DBU |02 ] 02 | 02 J 02 | 02 | 02 ]
opherical fsedsilica 850 850 | 850 | 850 | 850 [ 880
124 Triazcle5—hiol Formula@® Ao 20 ] 30]
3-Amino1.2.4-triszdle—5-thid Formua G) - 01| .
3.5 Dimeroapto 1,24 triazole Formula ®) | | 01 _ ]
3_Hydroxy—1.24-triazole5-thiol Commula 72 | | 01| .
5-Meroapto—1,2,4-triazole-3-methanol _EI_:_ormuIa (?_)2_ _______________ 01
_Q_:Efl:[\ﬂg_r_p_flgli inoditHio)bereothiazole (F_q_@ule 20 . ]
Carrauba wax L I 02 | . 02 [ 02 02 | 02 02
Carbon black 03 | 03] 03| 03] 03] o3
Soiral flow [cm] 90 | 90 [ 95 | 95 | & | =0
. Frare 1 1411135 [ 111 { 101 | 105 [ 100
fdhesive strength INC 2= 186 | 131|107 [ 96 | 703 | 97
Soldering resistance | AR Eedling inciderce &) __ | 0. .0 ] o0 {0 o]0
[rmerlead pesling inciderca (W] 0 9, 0 0 10 10

[Table 2]
Table 2
Exﬁxamples
13 14 15
Epoxy resin 1~ e .)..82 ... 82
Epoxy resin2 e . 14 | __
Phenolic resin 1_______ e i 6.0 [ ______]..8.0_
Phenglic resin 2_______ e } 6.8 | ______
e (Equivalent ratio of epoxy/phenolic hydroxy group)f 1.0 | 1.0 | 1.0
DBU e 02 | 02 | 02
Spherical fused silica_________ e e 850 _| 850 | 850_
2-(4'-Morpholinodithio)benzothiazole (Formula (9)) ___ S 4
Carnuaba wax_________ e e 02 ] .02 )| 02
Carbon black 0.3 0.3 0.3
Spiral flow [cm] 95 105 80
. Frame 1 3.0 3.8 5.6
Adhesive strength [N/mm2] Frame? 55 31 3
. . Chip peeling incidence (%) 40 30 30
Soldering resistance Inner—load pacing medents ) 30 3030




-------------- - --0.2020.2 Spherical fused _
silicaB85.085.085.085.085.085.0 1, 2.4-Triazcl e-5-thiol
(Formula (4)) --------------“"“"--"--"-------- 2.0 3.0

Table 3 o
"""" ;—"'-ﬁ-né}- ;d'a-lk- ; Manufacturer Trade name_|Description
"""" endlaralkyl type epo . ~ . R
e Pt 4 BORADILR: idbbPhaybEP" TN Aol [Sofening Poin: se°C
........ T G poxy €q.: 272
T P e R T [Me lting point: 105°C
Epi:%réesm 4 |SirRespiups epony resin- t plprep Spey-Resing XK HOARK Q%‘?gw%e@_:qgo
) - - -|PherofaratkyFresin havirga | - ;- - - ------|-—----- Softening point: 107°C
Phiendlic o5 Y piphenylene structure - - - - Me;Wa-thm'-c’a'S; ' MEHT83ISS 11y oxg a6 200
N = - 2 [ 1.0 enzo 1 azol e it 7T
p g i Qez'sir:!'Z 2 Xv(eﬁemMﬂiﬁB@‘_ﬁ_V’?l_I?_ fitoui Cheriaale  IXEGLL ( F¥red i hEpoint 77°C
CS ‘i - - -ltype phenokresin - Hydroxy eq.. 174

--------------------------------------- Car

: naub
wax0. 20. 20" F S0 fEah SHPEIrARRH L84, 36538186, B0E®@ 5 show that
Sglilrgg) fl ow gcn] 909095958580

Cxy resin’composition comprising a triazole compound has
improvedaffinityﬁxaapre—platingleadframe,resultingj11ahighly
5 reliable package. Comparable results were obtained when
replacing a substituent other than thiol with hydrogen or a
functional group reactive to an epoxy resin. 1In Experimental
Examples 6 to 10, adding a triazole compound can improve package
reliability although varying depending on the types of the resins.
1 In Experimental Examples 11 and 12 as a system to which a large
amountofatriazolecompoundwasadded,reliabilitymaybeimproved
while flowability may be reduced. In Experimental Examples 13
andiUlaseasyst@nwithouteatriazolecompound,packagereliability
was lower irrespective of the typesof the resins. InExperimental
% Example 15 in which a triazole compound was replaced with
2—(4’—morpholinodithio)benzothiazole(Formula(9)),thecompound
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
A  used in Experimental Examples 1 to 12, its effect is insufficient

in a particular concentration, resulting in reduced adhesive




Adhesive strength [Frarrel 14.113,511.110.110510.0
-------- Franme213. 613. 110. 79. 610. 39. 7 Chi p peeling

i nci dence (% 000000 Sol deri ng
resistance---------------- I nnetg ead eelin incidence
(99 00001010 [Table 2] Table 2 Exp. Exanples 131415
Epoxy-resin 1

-------------------------------------- 8.28.2 resin 2

- 8trength_and. poor_ soldering- resistance~--7.4 Phenolic
resin 1- 6.0 6.0 Phenolic resin 26.8 (Equivalent ratio
of epoxy/ phenolic hydroxy group)------- ------- -------
1.01. 01. 0 DBUWO. 20. 20. 2 Spherical fused
silica85.085.085.0 2 (4" Morpholinodithio)benzothiazol e
(Formula (9))0.1 Carnuaba wax0. 20. 20. 2 Car bon

bl ack0. 30.30.3 Spiral flow [cn] 9510580 Adhesive
strength EN mm®2] Frane 13.03.85.6 Frane 22.23.15.1

Sol dering resistanceChjp

eel i n& nci dence(%0) 40--.--30--30 Inner-1lead peeling

i nci dence (% 303020 17
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[ Tabl e 3] Manuf acturer Trade nameDescription eno ara y

type epoxy Epoxy resin 1lresin having a

bi phenyl eneNi ppon KayakuNC- 3000PSof t eni ng Poi nt: 58C

Epoxy eq.: 272 Epoxy resin 2Bi pfgenyl type epoxy

resi nJapan Epoxy Resi nsYX-4000HKMelting point: 105C E o

eq.: 190 Phenolic resin 1Phenol aral kyl resin having

aMei wa Chem cal sMEH/851 SSSof t eni ng point: 107C bi hen

| ene structureH dro e q.: 20C@IPneEnmslic resin

P- Xyl ene- nodi fi ed novol acM tsui Chem cal sXLC

LLSof tening point 77C | type phenol resinH drox e q.7

174 The results from Experinental Exanples 1 to 5 show

that an épbx§nrespnycoapdsi tboposdhponsicng anthpazdheing a
compound has inproved affinity to a pre-plating |ead

f PAfRCORdsgrPiEngsEanalal ghil yombrieinabl®) packagey resin, (B) a
Conpar abl e results were obtained when replacing a

sobsppt et sdthetC thanr ddnohg wicth Lhydtogen ram@inorganic filler
functional group reactive to an epoxy resin. In

Exper i(hentafriExakpl esmpotind10, adding a triazole

conmpound can i nprove package reliability although

varyi ng depentihagepaxyheesypesonposheicesins. edbapaulating a
Experinmental Exanples 11 and 12 as a systemto which a

| apgecondvuher gfc e ndiirgy bbe& loompoundhasasiratited;riazole compound
reliability maybe inproved while flowability may be

r edueedompauEsipbeiapat al lERafptesai8leandngd as a

systemw thout a triazole conpound, package reliability

was | ower [ rEspeekiye bEsihecoypesibionhéoresnngpshhating a
Experimental 15 Exanple 15 in which a triazole conpound

was™t eprdeelcniadrorziny tadilphial Lnodiatd io) bbrzotiy mzis eompound
(Formula (9)), the conmpound has a substantially |arger

nmbf eR uFaFP#BT ghtcphafcthedcbrpeangsal uedmirhat KLy :

i nvention. Thus, although the conpound of Formula (9)
whsheBedlin the same anbunt as that for the triazole

conmpounds 20 used in Experinental Exanples 1 to 12, its

ef fect is Rinsufficient

Y
HS N/
(Formula 1)

(wherein Rl represents hydrogen atom, or mercapto group,
aminc 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.)

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

[5] Asemiconductor devicewherein a semiconductor element

is encapsulated using the epoxy resin composition according to



in a particular concentration, resulting in reduced
adhesi ve Table 3 18 strength and poor sol dering

resi stance. 19 CLAIMS [1] An epoxy resin conposition
for encapsulating a sem condu@or essentially
conprising (A an epoxy resin, (B) a 5 phenolic res
(C©) a hardening accelerator, (D) an inorganic f il
and (E% a %ri zol e compound. [2] The epoxy resin
cOMoRi'ti Bh FoRr BAcapséal afi Agda- sem conduct or
according to Claim1l1, wherein the triazole conpound is
a conpound having a 1,2,4-triazole ring. 10 [3] The
epoxy resin conposition for encapsulating a

sem conduct or according to Claim1, wherein the
triazole conpound is a conpound represented by genera
formula (1): [Chem 1] 15 (Forrmula 1) (wherein Rl
represents hydrogen atom or nercapto group, amno
group, hydroxyl group or a hydrocarbon chain with 1 to
8 carbon atons containing one or nore of the
functional groups as an end group.) 2) [4] The epoxy
resin conposition for encapsulating a sem conductor
according to any one of Clains 1, 2 and 3, wherein the
triazol e conpound is contained in an anmount of 0.01 to
2 % by weight to the total anpunt of the resin
conposition. [5] A sem conductor device wherein a

sem conductor elenent 25 is encapsul ated using the
epoxy resin conposition according to 20 any one of
clains 1, 2, 3 and 4.

in,
er




