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The present invention relates to a novel epoxy resin conposition sultable
for encapsul ating el ectronic deviced. Mre particularly but not *G00002*
exclusively, it relates to an epoxy resin conposition that possesses

i mproved strength, decrggsad, EWEiESWWP@SﬂTi@NSOVEd sol dering stress
resistance. A resin conposition wth these properties nay be suitable for
application in, inter alia, the sem conductor industry. BACKGROUND

El ect ropj di odes, transistors, integrated circuits and the
l'i ke arﬂmmm]@ﬁvw;h a thernosetting resin, In integrated circuits
In par tTl‘r‘@bﬁEeqtﬁn&éﬁﬁ%ﬁ?@lﬁkE k&9 rovel ébﬁgqgsiﬁ‘%oﬁiﬁoﬁf?&i(}fuifa%?é forléhcishBfing'S€d,

whi ch has excel I ent heat resistance and noisture resistance. Wt I gher
i nt egr atlegdrondd demicesyr Moeal paiticularkys butc hpp sx¢lusivelpe donddatesitgean ®poxy resin

surface-mounted packages have heen. gradually switched from DI P, (Dual Lnline
PackageS IS AT SPSSeh 1ato o cehen Rl R mid s oo yEp vy
(Smal | $3Mddringestbsé eatktance PAGesinPctgidsitioneiiie dhdshiogertiés fiay beQuitabluRd Fl at
Package) anong others. This is followed by the industrial trend towards
nor e coMPHSAEAR iBaitlesgdie, hesemicendurdorBISry Chi p Si ze Packages (CSP), Flip
Chip (FC), non-lead packages and the like. Apart fromthe mniaturization
of the packages as well as the chip, the industry is going towards a nore
envi ronmental concerned direction. The toxic materials within the

epoxynol di n Q nd such as brom ne and antinony are regarded as
hazardoﬁéqgggﬂr@ﬁﬁ t owar ds human body. Besides, the |lead used in the

sol der Eﬁé&&iwgaﬁb SBEH Y€ dRRIed ARG Citle %géme@diﬁgmﬂ%b IR ark N@nirforfiii P

wi thin the package to the out'side enviro nt al so possess a negative
ef f ect sealedhwith anthernmsetting. rein. Ir uhéagrated eircuiisniat gartidvdary extherintogetiting trbsin

ot o B o SR S0 L ESET APEhoNb el du] SRR HerL A R CEPPRG T ne

ul ti mat RsidRate. 2 Wthin the conpound, the use of brom nated epoxy and
antinony as a flanme retardant is optional. It can be replaced by another
flame retardant systemor even totally renpoved. During the surface nount

pr oCcesSy;: - . i)l .bg. i ut
Phe oo it ety infg AL BE i aakEs Mrhlis, b BayArRloy 186 TRI AL LARELY
t hle eut mkhgbsgilabélbeémgrﬁdhmrl]lpm&eheﬂ fromadiP (Dheal hﬂind@racl(agie) tdwuhin fistaehrkagek |
only processabl e at i gher. tenperature. In the semco tor i.nqustry,
the systush ass¥el «Swall Quiltas Paskag Sl {ptiing Blsets), BheC; Blasiisdeaded  ne
refl ow A a e 0 Ll y a
conpound Tparied: QT RoSdCEa] TuoiaoPuhind Py TR BTTORRER o5 bk dpdlth®l

f ai | ur etrerdntomaedssobrgerondenssd ppckages gumhtas ¢ BOAst Rbipplick gekages €LlR)ekilip

exposed . to high t ratures of 0C or above, which invites cracking of
t he pacgh’é’e(pgg’ rgogglggcg]?qckﬁge&anggglzlf g resin from chips, which causes
reduction in nmoisture resistance. OBJECT OF THE INVENTION It is an object

of the invention to provide an_epoxy_ resin conmposition which may, be .
sui t abl Apairesm dhg minigturizatife af thenpaskegss asevelt @s theyphiph thegidpsteniy £9ing,

al L er nalhEdys Bite nDirBllfEn AoL fibEmed ARkLOG, NAEISLRIRRLAIS il e epgl dor

refl ow tenperature, ditiona or alternative aves as a
pot ent i mloldingy icompoemd ahclf ns dmothinet irek anmtémony arp raphsiedads, hazaddonki miterials

additionally or alfernatively ovi des .t he lic with a useful :
o1t r natimAEts SRR O erES. ISR SR b 5, SRS R aReh SEVR S @ctlecticalne
i nvent i ofh dub@iEpdih 1o Y 1@ %ﬁip&ﬂitﬁiﬁ@fé’p&df(ﬁ%@t&tﬁ%ﬁ@id&'eﬁﬂir&ﬁﬁa{t'aﬁo%sﬁh@s a
including: |I. an epoxy resin conponent (A) conprising or including a
par axy| negative dffedt selthsthamgin hegle epoxy resin of fornula (1), and Il. a
phenol i c curing agent conponent (B) conprising or including a paraxyl ene
nodi fi ed phenolic curing agent of formula (I11). 3

In order to eliminate the toxicity in the compound and during the back end packaging

process, a compound without toxic materials and a process without lead are critical in

achieving the ultimate goal.
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Preferably the epoxy resin (A) is in an anmount substantially between 0.8 to
1.2 epoxy equivalents per hydroxyl group equivalent (nole ratio) of the
phenolic resin curing agent (B). Preferably in Formula (1) n is an integer
bet ween 0-20, and each of R -RS is independently an atom or group sel ected
from hydrogen, a hal ogen and/or an al kyl group of 1-20 carbon atons.
Preferably in Formula (11) n is an integer between 0-20, and each of R -RS
i s i ndeMéitldarthé ycompomtd;rth@msegof)bmnsiahte(ttepdx;f anximhmdom;gam aaﬂmm retatdahoigen
and an al ks/ g ou Pre B%’Ithe ep resi onent (e ? npri ses

50- 100%05'9 lPe 1.r aleﬁ}gﬁﬁ @%e gs,t qﬂa qrgven’ totally’ removed.

par axyl %mﬁ‘%ﬂé Eﬁ%e%&ﬂﬁ'pr&éé@@ RO OB & ;faétefmm%l fplakdd b ra)%em?&eﬁlh' S
is less than 100% t he epoxy resin conponent (A i ncl udes one” or e ot her

secondamjthepbthy usesf tead. fhee@‘lenmmm;n ofthe Mnulthqzscddnrumgtedpgmgs up dipentesiic ( B)

agent  oPorbiaihe bpiie SHeti, Bl holGor Lo TG PHLAMTCuBrSRES A Achiehe

curing agmpdratayponent (B) includes or nore other secondary phenolic resin
curing agents. Preferably the epoxy resin conmposition further includes one
or both of: (C) an inorganic fiIIer and/or (D) a curing accelerator.
Prefera both esent an nic fi Y

sili conl?réll 5xi 06" co}r‘llcst r%ndEJR%yg Weeénnu f}ngﬁéjofb \%“t&f’%’e‘%‘? il t?gpg C. 138
resin Conpast lin @b reflody teiﬁparzﬁwel pwtsi?@@lﬁill@ﬁ%é B the Scolmipodiid 86FpHRE to supply a
substantial ly between 0.05-1w % based on the total epoxy resin conposition.

Pr ef er aspmpegnd thaids ghlgite reflowy atrthis gleyated tarerersuteithpug e f2ikge.00% by wei ght .
Preferably the curing accelerator is one or nore of diazabicycl oundecene
(DBU), triphenyl phosphine (TPP), benzyl di net hyi am ne (BDWA),

2- met hy lin fedsntddring (steplVi) particuldr, Biccparkagd is sobidendy expdsed &ehnghdempexanmesyofr esin
is a polgner whji ch possesses epoxy groups, nore preferably the secondary
epoxy r €89 P5ak@icettadh MVERS erekibe Ofrbicopaskags ex sqparatientofcealing repietrapoxy
restns hipbatiith Bubbileaubl AN e deylu@pOXy Tesins of formia (111).
cresol novol ac- type epoxy resins, hovol ac type epoxy resins.
Preferably in Forrrula (rrr) all of RI to R4 is a nethyl group and all of RS

ngent | OBHECSIRIHE YR TDRL g agents of Jormia (Vi1 Preferably
the epoXyishfibikct 8IMRShidn®idn & Yrovitle hedpokH ¢ésitt orRPitiin WRIcR iy be suitable
for encapsulating semiconductor devices, which additionally or alternatively has a higher
solder cracking resistance at lead free solder reflow temperature, which additionally or
alternatively behaves as a potential environmental friendly thermosetting material, and which

additionally or alternatively provides the public with a useful alternative.

SUMMARY OF THE INVENTION
According to a first aspect of the invention there is provided an epoxy resin composition
comprising or including:
I. an epoxy resin component (A) comprising or including a paraxylene-modified
phenol type epoxy resin of formula (I), and
II. a phenolic curing agent component (B) comprising or including a paraxylene-

modified phenolic curing agent of formula (II).



a silane coupling agent, a releasing agent (e.g., natural wax or synthetic
wax), a stress-reducing additive (e.g., silicone oil or rubber); a flane
retardant system Preferably the flare retardant systemis selected froma
broni ne/ anti nony system or the al um ni um and/ or nmagnesi um hydroxi de system

Prefera e e i dp ol d h type
epoxy rgg%fn ?ﬁ)&% &5 froerﬁn'f)@s%s\/g %ﬁuﬁ%o&i@wg&@%e%gx@ e%u?lso en%/p:
2389/ eqéquifalpats per llmsdrml gkﬁu“prmuﬁareat(&h@'ia eatin) of thegdepdlesinicadhgagant (BY

agent (Il) is of fornmula (VI)softening point : 62C., hydroxyl group
equi valent : 172g/eq4-8 parts by-weightFused silica fillerAverage size: 13

m cron pRGe@BlyRaFHofmbM (w g%megé}%w&mmlaﬂe eﬁ&P@I@l-ﬁgISQné’e;Qﬂﬂérﬁly%

wei ght Epoxy function including si'lane coupling agentO

wei ght Detoieethgroup seleaterhfromi Hydegens 4 halogen-addr paatkyl grpupief gmomrhmratoms

bl ack0. 2-0.4 parts by wei ght Car nauba Wax ~~0.3-0.8 parts by wei ght
According to a second aspect of the invention there is provided a nmethod of

prepar i pegferabkniadormaii (1) GPRRAShickONbdtWedr0i200ardl efe@MHR SRNB ihdpetid @Rty of

5 1. preparing an epoxy resin conponent (A) including or conprising a

par axy| ahatonbel §1PuR speerbiromkydragsa ipm.adiatpgsn and dgoyp 1. preparing a
phenolic curing agent conponent (B) including or conprising a

paraxyl ene-nodi fied phenolic curing agent of formula (Il); Ill. mxing or

ot her wi Pecferablyitheé Blg)x@ltreélﬁasinpbﬁ@t eapomprises 5040098y weigheeraht fotdlqquanetyl de a
m xture; |V. obta@{ungthe co ;Rﬁ?mntherefrom Pr ef er abl in Formul a

(1) n i by areightiof dbs pasaxienemed: enol Jye gpoxprresissof formylpe im&émhey i at om
or group &l 1Rsd B6hok R ng&&a% ]?onla?hl @g%@&q/o% ogﬂm?é Sthbr &Swgp&xgch of

carbon atons, and in Fornmula (I n 1 nteger between 0

R - RS |ﬁmumdependently an atom or group selected from hydrogen atom a

hal ogen and an al kyl group. Preferably wherein the total quantity by wei ght
of nodified phenol type epoxy resin of formula (1) in

Preferably the phenolic curing agent component (B) comprises 50-100% by weight of the
paraxylene-modified phenolic curing agent of formula (II) and wherein this is less than 100%
the phenolic curing agent component (B) includes or more other secondary phenolic resin

curing agents.

Preferably the epoxy resin composition further includes one or both of:
(C) an inorganic filler, and/or

(D) a curing accelerator.

Preferably both (C) and (D) are present and,
¢ the inorganic filler is silicon dioxide constituting between 70-92% by weight of
the total epoxy resin composition, and
o the curing accelerator is in an amount substantially between 0.05-1wt% based on

the total epoxy resin composition.
Preferably the inorganic filler constitutes between 80 and 90% by weight.

Preferably the curing accelerator is one or more of diazabicycloundecene (DBU),

triphenylphosphine (TPP), benzyldimethyiamine (BDMA), 2-methylimidazole (2-MZ).



t he epoxy resin conponent (A) is the range of 50-100% by wei ght, and when

| ess than 100% t he epoxy resin conponent includes one or nore other
.secondary epoxy resins, and the tot4él quantity by weight of the

par axyl ene-nodi fi ed phenolic curing agent of forrmula (I1) in the phenolic
curing agent conponent (B) is the range of 50-100% by wei ght, and when | ess
than 1 00% t he phenolic curing agent conponent includes one or nore other
secondaPyefaiablyowhereimuthe rsgcomgeryt epoxPrredirisibpplynie wikith pdssesyes lepoxy pdupsies:
conbi ni ng the X esin and curing agent mﬁtapgn i norganic filhfr, t he

| nor ganfiors (TplSFabIL ity SHEORCAN PR FRSID i SEIeEiSHEREnPEE 48 Bar ofidicicas 3)
and/ or "Han @ 3 i 1 ; f

el er B o o g Seen e eoby POV R Mmla a1,
as part crefolgtoaplag) typPepdxrraking, .phend novélac typeegery xesihbsl | er is silicon

di oxi de, and constitutes substantially between 7092% by wei ght of the total
epoxy resin conposition, and the curing accelerator is added to provide
bet ween pesféably intEérakedlIpall AR, tORGlis &Ryl ecipardodlPESRY tOR, istyriregeab! ¥
the secondary epoxy resin is an polymer possessing epoxy groups, preferably
sel ect e@ft-om one or nore of dicyclo-pentadiene type epoxy resins of
formula (1V), bisphenol - type epoxy resins of formula (Il11), cresol

novol ac- type epoxy resins, phenol novolac type epoxy resins. Preferably

t he secPrderaplythe sslohdary ehémvlicuesingugeagent 5 cnn@r ator¢rphienofib enhg agenty ofng
agents %f f?rg}zll (VIT1). Preferably the epoxy resin conposition may

furt her 9306 Bne or both of: one or nore additives, added as part of
step 3), selected fromnore of a silane coupling agent, rel easing agent
(e.g., natural wax or synthetic wax), stress reducing additive (e.qg.,

si | i con@rafedablyrthe epdarrysin aomipodition inky further frickude oneoameamof: syst em added as
part of step 3). Prefergbly step IV includes the steps of nelt kneadi ng of
the mixture dsithy alqgf:ogﬁ}qgsqgeg, kneader or the like; cooling and grinding
or pulveri zigg alek . According to a third
aspect of the ié;{/eclaér???lgﬁg?ﬁggg"iq‘létu%dri'g‘%&;lbggﬁgﬂ&n{eﬁ%@’ of encapsul ating an

el ectroni ¢ devi xdreas-rabwingradditive gerp. sificomg @l orimbbaryji ng t he steps of:
preparing an epoxy resi ﬁ conposition as above, encapsul ating or otherw se
treating the ®el 2H#PBFRdaRAYIE™: 0 produced an

Preferably the flame retardant system is selected from a bromine/antimony system or the

aluminium and/or magnesium hydroxide system.

Preferably the specific composition is:

The Paraxylene-modified phenol type softening point : 60°C., epoxy 6-10 parts by weight

epoxy resin (I) is of formula (V) equivalent : 238g/eq

The Paraxylene-modified phenol resin softening point : 62°C., hydroxyl | 4-8 parts by-weight

curing agent (II) is of formula (VI) group equivalent : 172g/eq

Fused silica filler Average size: 13 micron m 80-88 parts by weight

Triphenylphosphine (TPP) 0.05-0.4 parts by
weight

Epoxy function including silane coupling 0.1-0.5 parts by weight

agent

Di-methyl silicone oil additive 0.1-0.4 parts by weight

Carbon black 0.2-0.4 parts by weight

Carnauba Wax 0.3-0.8 parts by weight

According to a second aspect of the invention there is provided a method of preparing an

epoxy resin composition including or comprising the steps of:



encapsul ated el ectroni c device. According to a fourth aspect of the
invention there is provided an encapsul ated el ectroni c devi ce or conponent
Wherein the el ectronic device or conponent is encapsulated within or by an
epoxy resin conposition as above. O her aspects of the invention may

becone appare p h I i g i I L: f
exanpl e onl 3Ii/ %%ﬁa\%ﬁ? h&nr g?%&e‘%g{g 0 ﬁ%ﬁt;gg%hn%glr%ép &%R%Fﬁellg naa%rag@éng-

Fi gures. DEFI MhddifiedSplimnol fipe epaoniesinlof Yoramlaofl); Conponent " as used herein we
refer to, inter alja |IC devjces, D screte (Transjstor, Diode, Capacitor,
etc) devi cdd. REPAIRg, ? RRCARNG CHFEE sgent SompaRent i felpdige OR comAIFREAc e
capabl e of ac L : ;L Q0 @ﬁgﬁ y group of the
conmponent (A)%gkﬁ&?%g&%§%§§1Iﬁﬁgﬁ%ﬂgngght e g%ﬁ%%ﬁ@%% (B). This includes,
but is not i mixeg areothdrvise combimuyg afdeast drextpoxy resirdaidycunng cigemts seplovidg
material s, such _as di azabi cycl oundecene (DBU), triphenyl phosphi ne (TPP),
benzyl di net hyiaafmxi‘ére’( BDMA), 2-net hylimi dazole (2-MZ) and the |ike. These
conmpounds p@an miﬁﬁgq{wad sRionitRer&@érRi nati on of two or nore. BRIEF
DESCRI PTI ON OF THE FI GURES The invention will now be described with
reference to the Figures in which: Figure 1: illustrates the structure of
t he paraxwh%#ﬁﬂﬂgdified phenol type epoxy resin of formula (1); Figure 2
illustrates e Structure of the paraxyl ene-nodified phenolic curing agent
of formula (lbl) in Foamil€(I3n is hi ihtdgenb@sebh@-201and ehdH 6f RER} REn&gradd@lanepoXy
resin conponent - biphenyl type epoxy resin of forrmula (I111); Figure 4:

il lustrates thedtemrcaravR selected, fogebysiagany adiglnagn raadion ap alipd reseup of 1£28r mul a
(I'V); Figure 5@&&%*5%%§gﬁﬁ the structure of a paraxyl ene-nodified phenol
type epoxy resin € preferred paraxyl ene-nodi fi ed phenol type epoxy
resin of gener ain Hoemold @I)(d js;anAh@géchdwedd 0261 4Rl €RhtdfR SRY isdhdépenddntly

par axyl ene-nodi fi ed phenolic, curing agent (VI) ,. the preferred

par axy| ene- modi 31 &M EFIIP selested ifragm ﬁ&@ﬁgerb%m@eﬁh@lage%wdrﬂm akyligrup. Fi gure
7: illustrates the structure of an ortho-cresol noval ac epoxy resin of
formula (M1); 8 Figure 8: illustrates the structure of a phenolic curing
agent of fRrefendbdy (Wetei) ; Figure 9: A spiral flow nold; Figure 10:
illustrates a biphenyl type epoxy resin_of formula (1X); Figure 11: .
illustrates & ﬁewﬁﬁqlﬁ@ﬁfyaw brighreieiioed @ Oy DIRESPAXG Fesihe rrau%ax;) in
DETAI LED DESOR! R LbyCesiRidodpWNERTI PN (D Saric @7 80110090 61 ot R iRE 38N
epoxy resin compositi'on having the principal conponent’s of” an epoxy resin
(A) and a phencthar 100%4 thy eppeyt regiB) canhpomentinchides ook utemorsr othsr eseindatiyvel y
a paraxylene-nndified.yhen | type epoxy resin represented by formula (1)
and (B) i ncl udeB o8y TP RY usi vel y a paraxyl ene-nodi fi ed phenolic curing
agent of for gul e tbth) quanbity"By elgh Bd tHgHraxy@siiélhbdied PRAOIIC kiR GEBRASH ti on
has high strength, |ow flexural nodulus, high cure-ability and ﬁl her

sol deri ng st r estrmulki () am ghe, phicoeliesuing ageat cagmuents(B)dsrther rragewpt HO0-100%
conventional cr - OV p in.a nQl . no c.curin
agent conposi ti%ﬁs eﬁ@eﬂ%%ﬁmﬁ%e?eggﬁgé%l}pg%s&e %%@i}gf%\%lgr é%e{ng Cﬁ?%’ﬁ@? i es

i ncl ude envi r oninelntied orferdranstt iothes secohduty phatolielcugnpagaikson and | ow noi sture
absorption, anong others. Such a conbination has not been attained with
prior art. 1. Use as a Sem conductor Seal ant The present epoxy resin
conposi ti opyepsfdly I m&RAd fldtheF RICRIGeSES as described previously, as
essential conponents, an epoxy resin, a curing agent, an inorganic filler
and a curi ngeacceibingthe eftrey resiniand conppsgent eithrmayndrgarit @lleg dmpinbeganici f

necessary, varius additjves. h as silane coupling agent el easi ng agent
(e.g., natural %{bSP%WFﬁé‘Pﬁlgﬁm%{ coippopents F%E%Pﬁﬁqgghiajﬁ‘%é (e.g.,
silicone oil 0rcdrnithihbihe é}g@( 136inahlf Suride aERRWitHE ShrTnel A& cRPAY theSdlirthg
conponent (A) used Inthe présent 1 nvention includes or iIs exclusively an
envi ronnent al fadceletityr teprgapixed svith the pthes eompanehis af pamtof step B). (see Figure 1
) that possesses a group of para-xylene glycol dinethyl ether (glycidyl

et her) as conpared with conventional poly-functional epoxy resins. It is

conpri sed plefdigbl#ene rings that are very stable at el evated tenperatures.



9 This enables the flame retardancy properties of the ultimte resin
conposition to be enhanced with the presence of the stabl e para-xyl ene
.group. Thus the soldering stress res§j stance of the product conposition is
enhanced by the use of this paraxyl ene-nodified phenol type epoxy of
formula (1). ,Th t Cafil C o) I DT i Lol dbdy to
the structure. ﬁ@&%ﬁ%ﬁ%gmﬂ?gi nh{??gﬁ&gg %e%ntéi{]‘% n%&%gﬁﬁﬂgia}ﬁ:oﬁwggne}r%vat ed
t enper ature. | 026 bymeight bf thefatal €poRP resimcdigpa@itiongamdip, and n is preferably
an integer fromO to 20. Wen n is larger than 20, lower fluidity during

transfer nol 8i rige sHANg acsslersipl adied tojproxidg between ddbat witnbased onrihefotal
formula (1) may, F@? Mﬂ@c ire epoxy resin conponent (A) of the

conposi tion. Rt ??St 7S atSﬁ télast desirable that the total quantity by

wei ght of this paraxyl enenodi fied phenol type epoxy resin of formula (1) in

relation t t her types of epoxy r.esin (secondary resins) in the 0
o5t compREHL B owry SO TR 508 BB eaEE e Py £78u%) ProRTEY
i nvention deRleddRSmVbid b nidré FCABRISIPEhAibAE BypRYepdRY ABbin® fof | BRAuILN@Y),50%
(Conparative Exanple 2, 4, 5 & 6) however the resultant conposition does
not exhi bihisphenolpr wpeepay tebigh op éormaarelHo.ecrefol sovalag- typarepoxyassias, aheroland
the resistance for flammability. The ot her epoxy resins (secondary resins)
may is usenc?vloﬁcémﬁ)eip%”ﬁfls\‘/vith t he paraxyl enenodi fi ed phenol type epoxy
resin of formula (1) to make up the entire epoxy resin conponent (A). These
are general ly ordi nary polynmers having epoxy groups. These include, for
exanpl e dil?!yér@llpéhﬁ sefioadwry (rheapks sesirg curing aggfdls apexgr MeEs phenslict Giringl a
(I'V) (see Figur 4}[] i enol (Exanples 8 & 9) type epoxy resins of

formul a (|"Ee§‘g Zgoe |%{1\?Ie 3), cresol novolac (Exanples 2 & 4, Conparative
Exanple 2, 4, 5 & 6) type epoxy resins, phenol novol ac type epoxy resins

and so on._ | rder to obtain high solderi .stress resistance, it is
desi rabl o Rr6EAY feePBrprsimAomRastion St up et iRcIoge o orioth 0¥ 1 1) in
conbi nation yi téhe(éamox%ugdaimxyddeasaslq) FOPPQS) B, AdleMel! fréfiSHb ¢ ket i on

of water absorption, and excellent soldering siress resistance. In fornula
(1), it is preuplinblagenthaclefing agt (weg.cacturalewhy | orgsymthetiandals dtesik8 be
each hydrogen atom, One .preferred distribytiqn of chain | ength of

par axyl ene- mdi*&%n%ﬁ‘gjﬁﬁ eéeﬁyegﬁécﬁl}?(?hr"égf eﬁsmldﬁa? ﬂg‘f; formula (V) (See
Figure 5). 410, 3lanR8RR1ahEsyska Mddetab Patt 80885 3Ihe phenolic resin curing
agent conponent (B) of the i'nvention iIncludes or is exclusively the

par axyl ene- nodi fi ed phenol type phenolic resin curing agent represented by
formula (I e Figyre .2). It _has _.an additional aromatic ring attached to
its origi r#a{%fe%?‘éﬁtﬁ g?lnéctl?(ifétﬂﬁersé?psé’f?el atively rigid structure. This curing
agent, as conpared W &h rRelpk@ading v VRl mfkture 9biig Gt folls, AAaRAler At likegan
provide the resulting resin conposition with | ower nodulus at hi gh nodul us
as sol dering tenper at #r esolihasd grinding @r ipulyeaigingtofdhe poedugt af thel kndading
effective in (a) providi hi gh strength during solder reflow and (b)
preventing the deteri oré?fi%On of package integrity during solder reflow,

etc. The soldering stress resistance of the present epoxy resin conposition
can be maxi m sed by controlling the amount of phenolic resin_ curing agent
of for nul aAgaording o g lirh penset ofcthe dwyention thepryispyevided a msdhchef geppsuiating
resul ting i ARQsletd I . “oe) VAFTo th during

sol deri ng %ﬁ%&é&o@ven“ r?gdr?ﬁ%lbgne%g?@gbgﬁlﬁéﬂplggmggfgﬁg%%ﬂ%ﬁé}ggri ty during

sol der refl ow, prepainggntepoky gfsar comgloditionngabdvegss resi stance. It is
preferred that the total quantity by weight of this paraxyl ene-npdified
phenol type }She?%F‘PS(‘:‘?qt‘@gi Ar cerﬁw%sead@afmg)fﬁfoﬁlﬁﬁmlf | q?f)vwen tp eProduesd 138

ot her type of p i LG agent in the phenolic resin curing
agent comonenta%%%u?ageqﬁéétﬁg%égg% of 50-100% (Exanples 3 & 4). In case of
| ess than 50% of this paraxyl ene-nodified phenol type phenolic resin curing
agent (Coipparative anples .1,. 3,. 5 & 6), based on, the anmpunt of .total
phenol i ¢ r‘gg‘ioﬁ‘%f}%¥‘? ﬁgg FRPeG! S iR entiog) ther i pro gdﬁ{itapﬁacagﬁﬁggg;%reéeso?rﬁnlc
conposi t i ofevideRtadompdatntl whed6iRithY eledorit @bvide PEESRPIRACE dicassalay wahidC K
resi stance and the resistance for flammbility. In conparison to the

conbi nat i oor byfantdpexy sesiro¢onapasiipnas @Beve. noval ac epoxy resin of formula (Vi)
(see Figure 7) and phenolic curing agent of formula (VIIl) (see Figure 8)
in conparative exanple 6 (Table 2), the resulting conposition will not be
able to withstand the solder crack requirement as well as the reliability
requi rement of I C industry. 11 In formula (Il), n nust be an integer from
0 to 20. Wien n is larger than 20, lower fluidity during transfer nolding
and lower noldability tends to be apparent. One preferred distribution of
chain |l ength of paraxyl ene-nodified phenol type phenolic resin curing agent

g, - ~ 1 - - —~ ~




Smal | amounts of carefully selected fine fused or crystalline silica can
facilitate the flow of the nolten resin conposition during transfer nol ding
.and al so hel p cut down air-vent flashes. W have found that in the case of
| ess than 70% by wei ght of amount of silica oxide inorganic filler

( Conpar afi ‘ . . S ¢
cxchi b 1+ O Rk, e dvenbOlPh Bt dsh o trob e To VARG Tl R RN, o,

f | ammabgiveh by way ofiexamaplesordy aud evit refedenaatoothiedecampgitydnd Examples and%rby
wei ght (Conparative Exanple 8), the resulting epoxy resin conposition does
not exhfBYSsuitable flowability during transfer nol ding of semniconductor
packages. Hence, its corresponding reliability performance (HTSL) is poor
due to the pre-test occurrence of delam nation. A typical filler

di stri bIXERINITE@NScan provide a better flowability even in a narrow fl ow

channel _s | d pteferabl hi bit ,pbi modal . distribution in the j ons of
(50 5BLo Hhreis Posest ombmenses v PEER ey 15 rlrt gl 1EHeFgs.
filler. plftesie (Trangstbs, IDi6des Capadi®r,akc)lddbicksat i ng "bearings"” that pronote

flowability as well as nminimsing air-vent flashes during transfer 12
nol di ngByTEoringchcesleraion’ ps nsadehageingwe ingan| 4 gybstanee cenpble of Recsteratingcthieons

i neffect] id erf Gal {1 I ' i

di st biip SPuRE bk 88y eRUCHE SR, cobborkhf (3F 2l the BaibhSCelip B ey,
Spher i cadmponene(B). Athioinbkidps, ibot isaet dinfigedatb rthssewariag siceadeatorewidetiuisesl iaf t he
resin conposition, 6. ring Acce|erator The ring accel erator us in the
present S%’E‘#Boé’ﬁt‘?r&ﬂlns’ é\?‘jbeasarﬂ}a%i‘EFEF]PH‘IlJeeﬁfﬁabﬁia{& seRerEpheshg r@?’f’i
reactio ! 1k C

o oup 0P PR EE kP RRINIAY Ry RER PE  and Ble fIRE, TS eXRpREK
curing aachd esedtatms onirdedmbingtesh oftweeaimaong nmat erial s, such as

di azabi cycl oundecene (DBU), tri phenyl phosphine (TPP), benzyl di net hyi am ne
(BDVR), 2-nethylim dazole (2-MZ) and the like. These conpounds can be used

al one or in conbination of two or nore. The curing accelerator is
preferably used in an anount of 0.05 to 1.0% by weight in the total epoxy

resin cBHJEE PESERIPTIQN QiFolHE KIEdEREBan 0. 05 wt % the hardness of the
resul ti ! r . .acteristics tend to
deteri oﬁgf’ éqvegﬁg%ﬁ{lggr%wﬁtﬁf %g%;@@@ﬁ%%g@% %&}g?féﬁe%elgc%%h pr oceeds

undesi r @tduye fast  HR@trhdesith@di stiyctuen obthe Patiggleasamdiffed frendLiybe @poxof rekincof
Conposition I n prqducing the present epoxy resin conposition for sealing as
a nolding materi af",m‘é‘}?&boxy resin, a curing agent, a curing accelerator, a
filler her Lbd 1 LGl - and wWiorfl !

ixer of WEET T o/ e 8 Bkftalfe t7 NS ghiaxfloRR ot A0 piAco cltiky upplcord
kneader or the |ikemuén@di}t he kneaded product is cool ed and ground. The

nol di ngmaterial thus obtained can used for sealing, coating, ..

hsul ac PRI 8 o BNER@RIR AFEet e aB Eed eSS AeRE: coRERellS; pigpenyl
consi deration, nohiherRgogPresdwTdormigs (1agHi eve UL-94 flammability standard.
The addition of a flane retardant to the recipe of nolding conpound is
conmon Figuag fai n ilkwstratgs dhe tauatensiafi thy seqonderar epoxyHesis seupenen i formula
brom ne/ anti nony ﬁﬁg‘ol nation can effectively prevent the flamng to occur
when package reaches’ flanme ignition point. Recent environnental

consi defFigurefis r ulltustates theesteaire bf b paraxylehesniddifiadypheaskypt lepory resinaf\dant

system It has been replaged by another fla retardi ng .t echnol o t hat has
bean devel oped | nHeHRICHRAPAEKISAEIINIIGRISEP (yPe SRRy iEsip ph ecgeral tormula
brom ne/ anti nony U),arre-ret ardant system 13 greatly inprove the HTSL
performance of the package. This is due to the absence of antinony that is
t he rooffigmeée of illusgatsalthe sothre of paraxylegamiodifiechphamolie coing egent (VO ,

storage. O her thgn Br/Sh ,syste al um-ni um and/ Qr. magnesi Wm. hydr oxi is a
good repl acenent 5 PEFEH gﬁ’f%xy eérf‘ﬂgﬁf %’;g]g?o i ?uﬁmgr%eerg? ggg?%gli fr%)r?’g’%
UL-94 standard (Ex@ayple 6). Wth a lower filler content (<75%, the resin
content increases and it Eﬁr:om)t es flam ng (Exanple 5). The addie(';gj fn oI t he
flane rdigmednt ( AusHries URS HEFYL GE)aﬂe(H%kﬂ'%SOtl HOValghFpaRY TeHn Sihiasmpla
sufficient flane rgh?rdancy. Besi des, the uses of conventional flanme

r et ar dant system{ r/’SB, Exanple 10) to effectively achieve UL-94, V-0
standard for the low filler content system At package |evel, these are
translated into (a) good sol der cracking resistance, (b) high HTSL
performance, (c) the possibility of recycling of excess nolded material.
The present epoxy resin conposition can be used for sealing, coating,
insulation, etc. of electronic or electric parts, in particular, lead free
sol der reflow tenperature application on ICs for surface-nmount purposes. By
usi ng the epoxy resin conpositions for encapsul ati ng of sem conductors of

T S - I . e o .



Par axyl ene-nodi fi ed phenol type epoxy resin of fornula (V) (softening point
. 60C., epoxy equivalent : 238g/eq) 8.23 parts by wei ght Paraxyl ene-nodi fi ed
.phenol resin curing agent of formulag (V1) (softening point : 62C., hydroxyl
group equivalent : 172g/eq,) 5.94 parts by-weightFused silica filler

(Aver ag 13. 4 I Ly ine (TPP)O. 20
parts b?l%gghtE (IJI@S&%%%}: Isﬁﬁcﬁﬁeﬁ eﬁéﬁé zgﬁl g(%{ljtp({ﬁér%ﬁlggg\?ﬁg 30 parts by
wei ght DFiguet By | S|AI Spmrahﬂommoldﬁdl tive0.25 parts by wei ght Car bon

bl ackO. ar rnau a Vax --1-i. arts wei ght For
per f or rrih@é 'St i H?}ﬁgg teg f QIRheRy &SFFO'?P@E’%F"' %ﬁffagaulﬁé , it also began with
si-m | ar ppakd ¢f. pr ﬁﬁﬂfrﬂtrebQ'aldefefoopeYl@ardiéﬁU%oﬂlﬁ&ﬁegoggP@sﬂ%f‘ﬂrrﬁﬂlakﬁ%t purposes,

it can then be nolded I nto SO C Wde encapsul atin
(Silicon Nitride) coated chips of size SxSnm at a tenperature of 1750,

80- 120k Went k t f t nold
cur e PRty TATLED DR CRTERRIRAER S BBy (7 “Sensit tvi 1y Level)
eval uat impg présbm)m&ﬂﬂohagrwdééﬁ@ iy @k sin aéﬁpadlﬁ&l aife thel pHnRipAP Borhp&deRts (

14x20mm) encapsul ating Pl Polﬁ imde) and SiN (Silicon Nitride) coated
chi ps obf &n gpoxy resin (zsmcia@ phenoBerpeting qgeet @) vilesain (Apoklxdes ois ghelusizely ac .

Subsequ d t he
package s aadieheioRREARRRORyfo SR kth ribsclea bl okt (VAT Bl RLGRY &
JEDEC stisuxthusively 4 parpeylknd-miopified phemolid@ifing agenn of formatea@)( | R) oven.
Thereafter, any cracks present at the surfaces of the devices are observed
using a mcroscope. In addition, the packages are al so scanned usi ng CSAM
(G node t r f t i aq focus
(C rode e 308 NP AR Rl SEPREIn Bk ad! 13! il AEAAISS, Mol o0
for sol d&rduhrsahighrxgxre-abﬂuy aink highbt edlderargestadss oesistatee) fUrcexanleuttPEmeaspl n
Dual Inline Packages) for SL test at | 75C, after circuit, resistance
are exafPmBaref gyithconyentionalcresel Agvolaqityps cpaxy rgsin hd Bhes] PYolfe SuTEdBs R o
after mgj, 8b§?6l¥spﬁs%élfbyth§(§a§1§%ur&éé ' @&epfﬁbﬁf&gleeﬁ&%}géﬂé&ntcﬁldg egbmnmemal

t enper at ur ree 1ons present wthin the encapsulant material, especially
br oni de fiaendllinedsi m;;hcxmal cxpasim amd lgel moistard absomptiang ahwomg) <btbcrse>8aolplae

Ki r kendal | b B/n bi n %tg:m Ie%ijs t o _hi gher electrical resistance). The
resul ts 85“81 BR BRG] beYH diAincd gut pigr art.” 15 Spiral Flow Measurenment A
certain amount of nolding material which shall give a cull thickness of 3
0. 3mMm vvas wei ghted. A spl raI flow nold die as shown in Figure 9 bel ow was
pl aced ilnUseas aemiconduetonbeadanind was heated up to 175C. WWen the

t enper a ) ‘ 4t I

TP AU AU °§T§Pos‘lﬁ<§f* S 2L Be R Dl e By SBRIRELEIE | g
for 120$e§enuddecnmprmemsl Anpemxy 18N, (apamng agdm, alp)unaigamboﬁ\lldrealgi la ¢uringt 0
the lustro was neasur.ed aft was taken a%tg fromthe

1
ol ne ok Tha Tosin Som RN At CRBE S JLEoL Sn Aiats ALt lyeS Sad
Labor at g§ kitshe dotip@REagiint, rERadiBS hgeht (kY nataRl wak 3 9Rkthétid Wax), stress-reducing

additive (e.g., silicone oil or rubber), and the like.

2. Epoxy Resin
The epoxy resin component (A) used in the present invention includes or is exclusively an

environmental friendly epoxy resin represented by formula (I) (see Figure 1) that possesses a
group of para-xylene glycol dimethyl ether (glycidyl ether) as compared with conventional
poly-functional epoxy resins. It is comprised of benzene rings that are very stable at elevated

temperatures.



test for plastic materials. In the test, the specinens are cl anped
vertically. The materials are classified V-2, the | east stringent
.classification, or V-1 or V-0, whichgare the nost stringent classification
for the test. Table 1 bel ow sunmari zes the requirenents for each

cl assi f heat | ' Ll i

O oo By Bk o BTl RN 5 P, TSl

eV- 2V- 1VithNhelpessennde offtke stablegaibiylaixegroap. Tlgnithé ssldai\ivessesistdnaeonichet | Ne
per speci nen per f|anme application (sec)303010Total flamng tine, five
speci e AEodust &ﬁlmsﬂmgs e@@e&%@@@e%ﬁ S@IWIe&g-m%ﬁ&henol type epoxy of
cot t onYeshiNo YR REGEF I : igr%@- 308y :

hol di ng?(?:r arrpb@)lilro I Noﬁ%{lilgﬁ%gw%éggﬁ tshggrga}%gﬁ% eé orf gz(ﬁ@%%fﬁagl n. {sng'e%iqvnleun
with a reuljén bightshienith@sd nfodulus @vaipat@leatedtemperatued.| ' /4 in. high bl ue
flame is applied to the bottom of the specinen for 10sec. Wthdrawn, and
reapplied for an additional 10 sec; the duration of flamng and glowing is

not ed asn sRRIAQG), Ri€o RPe& Peinyasus dhil AdY prdf@dblyAnlifgér ffdm 0aboNWHen Rl aced
beneath the specinen to determ ne whether dripping materials will ignite it

duri ng dhéargarsthapell, dewerERaidiy eduringgtransfey mplshing ped iloweromeltability iendsr @
corrpounq%geé}n the respective recipes shown in Table 2, and subjected to the
same pro res as in Exanple 1 to obtain nolding nmaterials. Devices for
test purposes are prepared using these nolding materials and subjected to
the reliability st (solder cracking test and high tenperature storage
test: HE E)r.esmheit ?@élm(le dDapays Ypn the, gatire oepoxy pregino compenet (4) of the

Ex | .t i | i | ) R
Dhanl + conBBanal I o WiRh sl Bedrifid ol FER eadniy Byru E s PRALCRS o
14 8514 n¥sliffed’plsendb 4ype0epodB12siBDf So8nE6 X1)3ib2relRivR 13 DthGeypesy o gprixyatesint
238¢g/ Ot hp- ) I i f. f I I fteni i nt
oac, onErondiiahs) e sheSBRR R Rnt it TheS o6 g akpts GregeiplRd

epoxy r@siy). aher imvémidn Mchidel Ovitien 1) %ope! %@(qﬁﬁéé ibygwiizhhtof” led) Aan, BORXY

equi val ent : 198g/ eq) Di (r:%cl o-q;q)ent adi ene nodi fi edepoxy, resin of fornula

( X) ( Fi gé¥emparptiye Bramplerdy 4pdi%ito) waverehe sgultant eompeyition does not exhibit the

For mi abO P ER PEESALAEBPsIBH kiR el sh 8 i Sahlc BBl .o,
| 10 61 166 Ss6 391 s312 81 85hydroxyl group equivalent .172g/eq,)Phenol

novol ac_of formula(Vli|[Il) (nmelting point ; 90C, K6 %2 ,82,40%@0% 464 Q{édroxyl
group edbiewiIeE gpoXy3 1esinsdaconuddry Piny mRaynisiReddn eppRipetion withdhe gpiaksng-i | | er

S SOBUE AR RIEArE 2B 13 A POPL A G L0 OOP O i <o

Tri oxi déA@ T0iEs¢ mieep¢rply sphinarg pplyRRyYRaving eppxy @roupsz bhese innbudep forexampRo zo

Z0 20 2Q.Zz0, 20 oxy . function Jncluding silane ¢ | i ng .

2gent vo RO BBl 08 o B S Sr S i 1R AP Ty Figme &b 250

ZS0 ZSO0 bisphRendst QELEADIES O & 9Ptyps @p&:SOreind of Smut(IHP@Re Figure 3), cresol novolac
(Examples 2 & 4, Comparative Example 2, 4, 5 & 6) type epoxy resins, phenol novolac type

epoxy resins and so on.

In order to obtain high soldering stress resistance, it is desirable to use the biphenyl type
epoxy resin of formula (III) in combination with (I). Such epoxy resin composition will result
in reduction of water absorption, and excellent soldering stress resistance. In formula (III), it

is preferable that R to R4 be each methyl group and Rsto Rg be each hydrogen atom.

One preferred distribution of chain length of paraxylene-modified phenol type epoxy resin is
that of formula (V) (See Figure 5).
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s5Tot al 400! ool 00100l 00100l ool ool ool1gol ool ool ool ool ool ool ool ooSpl r al
110WCnD08374701 029665887s7s7880737765s81 2030UL- 94/ 3. 2nm

t hi ckness(V-0/V-1)v-ov-o0v-o0v-0v-1|Vv-0v-0v-0V-0V-0Vv-1lv-1lv-|lv-Iv-1lv-1]v-1v-0Sol
dering crack test (28L-SONB, after 85C/ 85%H for 168hrs soaki ng) No. of

cr acked 3dBminptis résiiotwaing agent

no. NOO/ 120/ 120/ 20/.1 201. 120/ | 20/ |1 20/ | 28’ 1201120/ 120/ 120/ | 20| 122{ 1212/ 124/ 127
/1 2Del anitfi® ?I&l'w&%]& R#ing agent component (B) of the invention includes or 1s exclusively the

TODO/ | 2Q1kAlhHokARLAFARAAAPhS RRHOAOLLBLARY kRl ARIAQ BRRRkYi] e 28 |

Padp1126igwee2).20Ihep en 1aditiona) drpoyatio 0ing2afachay triry odginkDeolealy saacture2 80! | 28
L]} 2??;2%4!&?‘%1)9 gi%ﬁlkstxtu% e (A4S 1nPg' agael;l %5 cgr%%/argg il Iphgnc()) SO0 xs'esisnogukrin%g) No

devi ces/nt0did.20dnl provideane edshRing zedid 0OmPHsi Gonl AR 2OWEON3AMUS ALHEN Intdduluk?9/ | 2
Tot al nol Del am nati on Checkl D e

Topl onzR® AR EMperagies | Tdws1the cong seent obformplaidh is offeqtive/in f@mprowidingg/ 121
0112 . . N . .

Pado-i zoB oREBRM diing solder seflow and (b) preventing the deterioration of packageinfoprly
175C ( hduting dslder reflow, etc.

fail ure)H so00000> 000000000000>i 000> 000> 000S00a00i S0gO0S00Z00a00goo
Table 3 provides details of the preferred conposition of the invention. The

par axy! qme spREiihd §eRRERRhndYTRhE BRYEML eBS iy relin GRRRsRIon| @h B! Raxi
preferr edgtsgmbe1 hee par axyl ene rmgli%?i éc?sph);e]rnoln type Seggxc%ﬁr esrﬁ#lgasepg)ryrml a

(V), andontidlipg thexgtheuns-afgehienoledresineersingr agshinok formulp @heimt the fphgrolier mwkin
formula (IL1) is, preferr t o, be the paraxyl ene:nodifi enol,.resin curing
ngent  oF v s BorgpgienEliy dnefoslifie BRSO Fo cprbli P e teDefos  n
of for mdiAng Yolaerine ad BrePertitl the @eferioratipA 0f packig¥ ahtefiity: duting Hokis rdflowpar t s
by wei ght Par axyl ene-nodi fi ed phenol resin curing agent of formula

(V1) sof tl@ﬁll\ﬁdoé‘éﬂhﬁf soldgging strepsigpighapse. gr oup equi val ent : 1729/ eq4-8 parts
by-wei ght Fused silica fillerAverage size: 13 mcron nB0-88 parts by

wei ght Tri phenyl phosphi ne (TPP)0.05-0.4 parts by wei ght Epoxy function

i ncl udi fgisspleforeedcithap khentpta gprantityl b . vEeighar ¢fs thiss/ pavakyglhdmodiftedyphesol itypene
oi | additive0.1-0.4 parts by weigh rbon bl ackQ. 2-0. 4 rts,. by . .

Wei ght CRPFRAMSEYoriBE peg Y foanly (TEingitecian A o tyie ofehhenglis B singhe
range 0fag§9 it theSMBhdfic fhif OARP AL cOBPRRAL (LIS th B8 shd REBBNID8] (B&K{pKsMance
wi th excéll ent sSolder crack resistance. The ‘correspondi ng

par axyl énfe4yodi fi ed phenol type epoxy resin of fornula (V) falls in the
range of 6-1 Oam % whereas the paraxyl ene-nodi fi ed phenol resin curing agent
of formula (V) is in the range of 4-8wm % Al though the invention has been
descri begl cye ofdyss AhareSOUI ¢his pakaxy1eie-metlidied phendl ayfeapenclid fssirestbingi agend S,

it is to be understood that nodifications and/or_ i nprovenents may be nade
wi t hout (demRrEIYHEXIBRIES hed,Sc 58 basedgy; the amgpntiafdotalphenplie pesin curingagent

CLAIME LompBné WY, fHfeStcRulBRFRPSkY 1 COMpLiTibA pPlart Mot Yl kfieve as high a

performance of solder crack resistance and the resistance for flammability.

In comparison to the combination of the use of ortho-cresol novalac epoxy resin of formula
(VID) (see Figure 7) and phenolic curing agent of formula (VIII) (see Figure 8) in comparative
example 6 (Table 2), the resulting composition will not be able to withstand the solder crack

requirement as well as the reliability requirement of IC industry.



[11. an epoxy resin conponent (A) conprising or including a

par axyl ene-nodi fi ed phenol type epoxy resin of forrmula (1), and IV. a
.phenol i c curing agent conponent (B) ldonprising or including a paraxyl ene
rmdifi ed phenol ic curing agent of formula (11); wherein Formula (1) CHzCH-

)( n'mist @e%ﬁ%te%gfﬁg@ ng@oa%‘% R}é’ggﬁﬁ F&%a%@r et 26 GWer Bl

R4 RS wW ere| n gll S an integer 'S |nd’ependent y an
at om or dgnngupamé‘érend)ldmgfandrlngidnoigebilityttemds ta bhappayent. and an al kyl group.
Formula (I1) OHOHOHR RSB RR RL~R ~~RILCHZOCHZCHZ OCH2 R4 RS J n
R4 R5 Wherein n is an integer of 0-20 and each R1-RS is independently an

at om or (e PdreRed BRtraftibh @M chyA ﬂ&%ﬁﬂoﬁﬁa@ﬁyl&ehﬁécﬁﬂ@d‘ pBEHD] AfpePHENSLiOFeRinP 2
An epoxy resin co osition as clained | aim 1 wherein the epoxy resin

(A) is cwringagenbisd at@ﬁﬁ@nwh(\éll)l(@lgb@tﬁheen 0.8 to 1.2 epoxy equival ents per
hydr oxyl group equivalent (nole ratio) of the phenolic resin curing agent
(B). 3. An epoxy resin conposition as clainmed in claim2 wherein, i

For mul a4(CombinadoRof E sith€bmpeiend arDPhenotic Rasih CuirinRI Addbt Component
i ndependently an atom or _.group SF| ected from hydrogen, a hal ogen and/ or an
al kyl gM@pr%aardlioz&lec@ﬁ%ng dttmet the qupxy regiy cepmaperrte@)rrodb gnqlicoresias

cl ai med_.j p S

and eacﬁhp?é:%ngéﬁ’ |r? g@wn@e‘?@?‘g’q an gbb))riﬁ gsréngP gcglpélgzé eﬁfedééf er{\g?r?ﬁrg&%oge
atom aehavalgrinpariydeoxybigionp ayuidaend of Are ienslic resii curimpnageat (B rPrmertmésal med
inclaim erei,n the epo resin.co nent (A) co 0-100% b

wei ght - StchatdmpEy TeffuRbe 1§ SctEr GRE B e e ehIer & RELERERA. phenol
type epoxy resin of formula (1), and when this is |less than 100% t he epoxy
resin coEonent gA) i ncl udes one or nore other secondary epoxy resins. 6.
An epox sition as clained in claim4 wherein the phenolic

curin ent co r ses. . 0% Q

par axgl gﬂ% l%@fln?ce}gﬁ Hgﬁﬁﬁ){? glgplfrl I%go’g %ﬁ?gé{é‘% \ﬁﬁh r%q%e)ogai@/vﬁegrze(f r?yt hi s

i's | ess welphb bas¥d%nr th;&ﬂ RBexotdsth eipo’Pioagprieferailybenaeh 80%) and190%dBxadplenDr €
ot her secondary phenolic resin curing agents. 7. An epoxy resin conposition
as claifdd in claim5 or 6 wherein the epoxy resin

Small amounts of carefully selected fine fused or crystalline silica can facilitate the flow of

the molten resin composition during transfer molding and also help cut down air-vent flashes.

We have found that in the case of less than 70% by weight of amount of silica oxide
inorganic filler (Comparative Example 7), the resulting epoxy resin composition does not

exhibit as high performance of solder crack resistance and resistance for flammability.

In the cases of use of silica oxide at greater than 92% by weight (Comparative Example 8),
the resulting epoxy resin composition does not exhibit suitable flowability during transfer
molding of semiconductor packages. Hence, its corresponding reliability performance

(HTSL) is poor due to the pre-test occurrence of delamination.

A typical filler distribution that can provide a better flowability even in a narrow flow
channel should preferably exhibit bimodal distribution in the regions of (i) 0.5-10.0um, (ii)
20.0-100.0um. The smallest peak (i) is fine silica filler. These fine fillers serve as lubricating

“bearings” that promote flowability as well as minimising air-vent flashes during transfer



conposition further includes one or both of: (C) an inorganic filler,
and/or (D) a curing accelerator. 8. An epoxy resin conposition as clained
in claim7 wherein both (C) and (D) 1are present and, the inorganic filler
is silicon dioxide constituting between 70-92% by wei ght of the total epoxy
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The curing accelerator is preferably used in an amount of 0.05 to 1.0% by weight in the total
epoxy resin composition. In an amount less than 0.05 wt %, the hardness of the resulting
molded product decreases and mold release characteristics tend to deteriorate. In an amount

more than 0.5 wt %, the reaction proceeds undesirably fast and fluidity tends to decrease.

7. Production of the Composition

In producing the present epoxy resin composition for sealing as a molding material, an epoxy
resin, a curing agent, a curing accelerator, a filler and other additives are mixed sufficiently
and uniformly using a mixer or the like; then, the mixture is melt kneaded using hot rolls, a
kneader or the like; and the kneaded product is cooled and ground. The molding material thus

obtained can be used for sealing, coating, insulation, etc. of electronic parts or electric parts.

As a safety consideration, molding compound must achieve UL-94 flammability standard.
The addition of a flame retardant to the recipe of molding compound is common to attain the
said flammability standard. The conventional bromine/antimony combination can effectively
prevent the flaming to occur when package reaches flame ignition point. Recent
environmental considerations rule out the use of bromine/antimony based flame retardant
system. It has been replaced by another flame retarding technology that has been developed

in the molding compound industry. The removal of bromine/antimony flame-retardant system
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res1n composmon can be used for seahng, coating, insulation, etc. of electronic or electric

parts, in particular, lead free solder reflow temperature application on ICs for surface-mount

purposes.

By using the epoxy resin compositions for encapsulating of semiconductors of the present
invention, there are obtained semiconductor devices containing no bromine compounds and
no antimony oxide and excellent in flame retardancy, moisture resistance, moldability,

curability and electric characteristics.

8. EXPERIMENTAL
The present invention is hereinafter described specifically by way of Examples. In the

Examples, the amount of each component used in compounding is given in parts by weight.

Example 1
The following components of the following proportions are mixed at room temperature using
a mixer, then kneaded at 70-100°C. using a biaxial roll, cooled and ground to obtain a

molding material.
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Thereafter the packages are sent through a varying temperature profile according to the
JEDEC standard with peak temperature 260°C in an infrared (IR) oven. Thereafter, any
cracks present at the surfaces of the devices are observed using a microscope. In addition, the
packages are also scanned using CSAM (C-mode Scanning Acoustic Microscope) for
delaminated interfaces with focus on the chip top and the bottom die pad with these chips to
obtain devices for solder cracking test. The tablets are also made into 16p DIPs (16-pin Dual-
Inline Packages) for HTSL test at 175°C, after which circuit resistance are examined for
values exceeding 1.0 Q (value of electrical resistance after mold is typically <0.8Q. During
prolong exposure to high temperature, free ions present within the encapsulant material,
especially bromide and antimony can corrode the gold ball bond to form for example
Kirkendall void which in turn leads to higher electrical resistance). The results are expressed

by average life.



the inorganic filler is silicon dioxide, and constitutes substantially
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Soldering crack test (28L-SOWB, after 85C/85% RH for 168hrs soaking)
No. of cracked devices

No onzfonz |onz fonz fonz fonz fonz fonz oz fon2 fonz fonz Jonz |onz {212 12112 [an2 |2
/Total no.
Delamination Check Die Top Jonzjonz 012 fonz oz fon2 o1z fonz Jonz fonz fonz2 |anz |2n2 |onz |snz [ion2 [sn12 {82
E;’;mm ortzonz |onz fonz lonz |onz fonz fon2 fonz foiz 3nz [m2 |enz §snz2 |ion2 |iznz [on2 |sn2

Soldering crack test (80L-QFP, after 60C/60% RH for T68hrs soaking)

No of cracked devices/
Total no

Delamination Check Die Top onzJon2 [on2 [onz fonz jon2 Jonz |onz Jonz fonz Jonz (212 [3n2 lonz |[snz |snz2 |onz [ionz

No. o/1zfo/12 o1z (012|012 Jo12 {012 |0/12 fo/12 |o/12 Jo/12 [o/12 [o/1z Jo/12 {3/12 |12/12 |12/12 |9i2
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Paraxylene-modified phenol resin curing | softening point : 62°C., hydroxyl group 4-8 parts by-weight
agent of formula (VI) equivalent : 172g/eq
Fused silica filler Average size: 13 micron m 80-88 parts by weight
Triphenylphosphine (TPP) 0.05-0.4 parts by weight
Epoxy function including silane 0.1-0.5 parts by weight
coupling agent
Di-methyl silicone oil additive 0.1-0.4 parts by weight
Carbon black 0.2-0.4 parts by weight
Carnauba Wax 0.3-0.8 parts by weight

With the filler content in the range of 80 to 88wt%, the compound demonstrates good
mechanical performance with excellent solder crack resistance. The corresponding
paraxylene-modified phenol type epoxy resin of formula (V) falls in the range of 6-10wt%
whereas the paraxylene-modified phenol resin curing agent of formula (VI) is in the range of
4-8wt%.

Although the invention has been described by way of example and with reference to
particular embodiments, it is to be understood that modifications and/or improvements may

be made without departing from the scope or spirit of the invention.
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group selected from hydrogen atom, a halogen and an alkyl group.

Formula (II)

OH OH
R2 R3 R2
RI \ Rl v PR
CH, CH, c112<<:>>CH2
/A n /A
R4 RS R4 RS

Wherein n is an integer of 0-20 and each R1-RS5 is independently an atom or
group selected from hydrogen atom, a halogen and an alkyl group

OH

2. An epoxy resin composition as claimed in claim 1 wherein the epoxy resin (A) is in an
amount substantially between 0.8 to 1.2 epoxy equivalents per hydroxyl group equivalent

(mole ratio) of the phenolic resin curing agent (B).

3. An epoxy resin composition as claimed in claim 2 wherein, in Formula (I) n is an integer
between 0-20, and each of R;-Rs is independently an atom or group selected from

hydrogen, a halogen and/or an alkyl group of 1-20 carbon atoms.
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22. A method of preparing an epoxy resin composition as claimed in claim 21 wherein:
e the inorganic filler is silicon dioxide, and constitutes substantially between 70-
92% by weight of the total epoxy resin composition, and
e the curing accelerator is added to provide between 0.05-1 wt% based on the total

epoxy resin composition.

23. A method of preparing an epoxy resin composition as claimed in claim 22 wherein the
secondary epoxy resin is an polymer possessing epoxy groups, preferably selected from
one or more of dicyclo-pentadiene type epoxy resins of formula (IV), bisphenol - type
epoxy resins of formula (IIT), cresol novolac- type epoxy resins, phenol novolac type

€poXxy resins.

24. A method of preparing an epoxy resin composition as claimed in claim 23 wherein the
secondary phenolic resin curing agent is one ore more phenolic curing agents of formula
(VIID).
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encapsulated electronic device.

28. An encapsulated electronic device or component wherein the electronic device or
component is encapsulated within or by an epoxy resin composition as claimed in any one

of claims 1 to 17.

29. The use of an epoxy resin composition as claimed in any one of claims 1 to 17 in

encapsulating an electronic device.



