EPDXY RESI N COMPCSI TI ON FOR SEM CONDUCTOR ENCAPSULATI ON AND

SEM CONDUCTOR DEVI CE USI NG THE SAME FI ELD OF THE | NVENTI ON 5[ 0001]
The present invention relates to an epoxy resin conposition for

sem conduct or encapsul ati on, havi ng excel |l ent suppressi on of warpage
generation and noldability, and a sem conductor device using the
same. 10BACKGROUND OF THE | NVENTI ON [ 0002 I n a manufacturing
process of EROSERESH (AP OSEVODEFOR SRVH CONDUEI TR ENGPSUBATEON
conpl etion of bonding to a substrate is generally encapsulated with a
nmol di ng resin suchA&‘g) SEMIEONIEECTORGDEWECE USINGr HEE SdviBvoi d cont act
with the outside. 15 As the nolding resin, for exanple, an epoxy
resin having dispersed therein an inorganic filler including a silica
powder as a main ingredient is used. For exanple, a transfer nolding
met hod i ncl udi ng pl aci ng a $8H#12SHUTHEINVEANREMN bonded to a
substrate in a nolding nold, pressure-feeding a nolding resin in the
nol d,? t hEYORA | y curing the nolding resin, and nolding the resin, is
put into practjcal use as an encapsul ation 20 nethod using the

nol di ng resi n. Theopgsgnt invention Eaigseiptanspaky yesinaconemisition fengsaniteartdudtor
sem conduct or devi ce _including a sem conductor el enent encapsul at ed
with a n@icapswptioashayingexsglient sepnressionraf|waaprgeigeyeratiorsandonoldalility and |
costs and the |jke, and is therefore in w despread use in conjunction
25 wi t h &scEureduetos Aewipwing &g sarefi conduct or devi ce using ceramic as
a constituent material. [0004] A sem conduct or device of a
one-si de encapsul ated structure such as a ball grid array (BGA) has
the problemthat stress_is generated between an encapsul ation | ayer

i nclltl?}di ng a cured resi nBaﬁ@g Pl EHEUNYEBNEIQN er ence i n

shri nkag[ﬁ(g) tween the 5 encapsulation |ayer and the substrate, and
war page g?aenerat ed in a package by the stress. In order to suppress
t he war page generation, investigatign are nmade to increase a gl ass
transition terPe? JAYMLAHING PIRCEYH PESA SCBRECAMITC APELH, a2 | SERIGOBENOR o
t her eby gegﬁnga e the gi.ffere]%gg_ in shrinkage between the cured resin
and a s ey Sempister of WgelRt @ sybstrety] SoRsoprapy ieampspigtadnwith a1
JP- A- 10- 1%%515 SUVMARY CFE THE | NVENTI ON [ Q006] 15However, a resin
conposi TREAPESFIR AEdpRLF erpAstipasssiann reir 48 eveidaieaiact withtbnpuisideur e

of cured, resin has. been increased as descr.i bed above has the .

pr og? emﬁsg‘g? H}O:hﬁﬂ% St gqroeé‘ﬁwfer an By TPYR SR WRE diseersed ﬁF’ij’H" & F8ENKk ed
poi nt d it Therefore, there is.a.linm.t an a method of .increasing
B gl ass PG EMGELS S JORIE & Ban BEratientds pird. FEPT HTEPlP o dBREn he

uppr es SAEHEHEREE e Rigtniia e £ ARG el erion i feshises Migirate in 2
d d . d fl bility, ti dabilit
A e e
. i n.view of . v .
cir cgms?ﬂ 3)2%13 ,rgsgrrlfd gr??%% 2@? TEHE & dRt ety Braﬁq%\kc U2 23 e ftsRpsulation,

co Sit] f j uctor encapsul ation, that not only suppresses
wafn%(gge}ﬂoe &‘%Q@E@%@%P u%re:ﬁlélduces its tenperature dependency, and

has excgjologﬂt flowability, continuous noldability and powder bl ocking
property, and a sem conductor device using the sane. [0008] Nanely,
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according toitem1 or 2, in which the conponent (D) is contained in
an anount of fromO0.4 to 1.5% by wei ght of the whole of the epoxy
resin conposition. 4. The epoxy resin conposition for

sem conduct or encapsul ati on according to any one of itenms | to 3, in
whi ch the conponent (E) is contained in an 10 anount of fromO0.05 to
2.0% by wei ght of the whole of the epoxy resin conposition.

5. The ed®%¥)resin conposition for sem conductor encapsul ation
according to aqé one of itens 1 to 4, in which the rel ease agent_ as
t he conponent (&pemisondueterdesite of aoune-aide gneapsulated|stroctard siich ay abal grig
a nunber average nol ecul ar wei ght of from 550 to 800. 15[ 0009]

6. A sem 6N IA) hasethic quoblaw) et sitpss 13 svAectied betten anegnsapsulation layer
encapsul ated with the epoxy resin conposition for seniconductor
encapsul da¢lBdngcc 6WgHngsinoangdng svbwragy dpe derglifferenes inf glarindjage (oeteeen the
present inventors have earnestly and intensively conducted research
t o obPai rfngarsalafien denee taod tBe capsateatnd gvarpass is denegipd ot pagliage by the
suppresses war page, of a package, but reduces dependency of its.

war page tSER§fer i‘ﬂ Qrdsr tosHPPERSS thewapREenSrAQR, INMPHIERTIGRATS magster P jnqrepse
addi tion of excellent flowability and continuous noldability. As a
resul t, @helasFapyiens temrasatirsup 2t Waed 1658 a0 AN coRgpsBlatiop| fpsip| to thereby
conmpound (conponpent. (D)) .represented by the above formula (1) is used
in a speéﬁ?ﬁe%seéﬁﬁaﬁfef% ip ghrinifsgs betyysen the quredresinsadabstryte fsdintant
(E)) is further used, due to synergistic effect of those conponents,
war page é%ﬁ@?ﬁ?ﬁﬁn can be suppressed, warpage tenperature dependency
5is rgduiﬁgE and excellent noldability and powder bl ocking property
are OBt ai I The inventors have reached the present invention on the

basis of the finding. [0011] , the present invention
provi des an epg§vm$§99hn%ﬁ#pg%fTi%ﬂIEﬂS sem conduct or encapsul ati on

i ncl udi ng an epoxy resin (conponent (A)), a phenol resin 10
(conponent (B)), and an inorganic filler (conponent (C), the

conposi tion further includj LE] a specific

et hyl ene gl ycol conpound ('@ﬁ%@ﬁﬁgﬁﬁﬁéﬁﬁﬁﬂg?ggﬁﬁﬁgd by the above
formul a @é@ ?nd a specific release agent (conmpound (E)), and a
sem cond 8 devi ce encapsul ated using the sane. The conposition

ol dabi | 1Pt ke hebinds bfer et derP e abn B afi BRI HE
[0015] AR & RSP B L A DRy bked SoiRCTRRlY o Bt er
0w, BB LR S M 0 e e

1 ovabi | 1AL, B 2558 ?ﬁéﬂﬁ%@%ééﬁﬁﬂ? B efge i B BIRE e popresred
sy  PaTEE° AShATLALRY LB ot PoopdBr SRR G Popres pnd ey
nyar ocar haneinos SHBRRR MEFG: A bl By Tod S, 10 AT AL

nnnovaleg%ngﬁgaocarbon group having from1l to 10 carbon atons may be
a linear Torm a branched formor a cyclic form The Rl to R18 are
particulemby preferably methyl group or ethyl group. [0019] The epoxy
resin havi J a bi phenyl group represented by the above fornmula (2) 10
is preferably i 4
o hor - epoxy  orperieaitabeRfioh is BRAIKad o Mok ERTRERRE fEithsiali, and
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epoxy resin, cresol novol'ak type epoXy resin, novo
encapsulation, that not only suppresses warpage of a package, but reduces its



25particularly preferably used fromthe standpoints of high filling
properties and high flowability. [0023] Furthernore, the
inorganic filler (conmponent (C)) having an average particle dianeter
in arange of from5 to 40 umis preferably used fromthe standpoint
of inprovenent of flowability. The average particle dianeter of the
inorganic filler 5 (conponent (C)) can be determ ned by, for exanple,
sel ect i ngempetangd deperaisneys nat hasnepdedlenir Bnwabiltityp woatihosusameldubilgyi randg
a particle dianeter thereof using the commercially available |aser

di f f r act insnydse blocking peonsaly: drsl segiieenductor devic using teatypeer . [ 0024]

The content of the inorganic filler (component (C)) is set to a range
of 10 preferabl[908&om 60 to 93% by wei ght, and particularly
preferably from 70 to 91% by wei ght of the whole of the epoxy resin
conposi tion. | ANanpRly.che proggidirvention sadateeiotthe follomdng itemgane 6. fil | er
(conponent (C)) is too small, the viscosity of the epoxy resin
conpodi tion is lexcesdietppxilesestmseampasifibnpdor seppeendantos eheapsulation
of voids) tends to cause upon nolding. On the other hand, in the case
wher e t hahdedingribe j Hllpwying spgponersy I(g\)vat@i (Bt yin owhich ethe pestypensst (D) is
conposition is deteriorated, tending to cause flow of wires and

i nconpl etcantpinediipgn ampopte! vmdhbée ? P& by wséahs @f the whole of the eppky resin
speci fic conmpqund (conponent (D)) used together with the above 20
conmponent8MPASIeE (C) is a conpound represented by the foll ow ng
formula (1): [Q026] Rl-eCH2-CH2-OR2 ' (1) in which Rl represents a
hydroxyl gr oup (8} ah#PRYRESY: group, R2 represents a hydrogen atom or a
m)noggl ent hydrocarbon_group, and n is an integer of from1l to 7.
25[ 0027] (B) a phenol Fsitg or nul a (1), Rl is a hydroxyl group or an
al koxy group, d R is ac\;ﬂ}/dr ogen atom or a nonoval ent hydrocar bon
group. From a BREREIG/E 'St andpoi nt of powder bl ocking property in
addition to warpage te rat ure depend i:y,_ R% is preferably an

al koxy group, PEMpPUDG TEPrEF G Yathﬁ$& Bk I do: an al kyl 5
group. Rl is particularly preferably an al koxy group having from1l to
5 carbon atons, and R2 is particularly preferably a hydrogen atom or

| kyl havi f b . Th iti nmb
01 e preforably an iMiegerCH ofr SR T T00%s] Th bmpound |-
(conponent (D)) represented by the fornula (1) can be 10 synthesized
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Tt or i al - can b eerriti it ahtihe b b TRE alota0 Bl P i gn
t t 15 ' : ' i | abl
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Ltd.) cap. g%glsnl?&f%)gowgo@%ﬁound (component (D)). [0029] The content

of the co isrequired to be set to a range of fromO0.1 to

20 L H% by wei : epoxy resin conposition from
of i bl e

t he standpoi nt e su ect of warpage. Considering

powder bl ocki pro Vord R adgdi t i .t he P, I fi .
war page, the (r%nten!toﬂirlés %Jg??'i g%%r?d;n%érgletic@ra fyﬁ?@gﬁ]{c@_@%ﬂ 8&%&)%@%%%;1
wei ght. | g : he (; [ .
sl | (RO B OB B SRS e o 1R SRERABRA P an Bt fesn
ef fect gpﬁfpa RN et chieved. On the
ot her hgﬁlagwaﬁl)&?ﬁgﬁ)@ se \’A%%?%eﬁgﬁgont eﬁ?&% tﬁgmg%)aﬁpound (r)) is
too | arge, the assurance of good powder bl ocking property are
difficult. [0030] E Specific rel ease agent 5The specific rel ease
agent (conponent (E)) used together with the above conponents (A) to



- agents,

25satisfying from550 to 800. Specifically, Unicid manufactured by
Baker Petrorite, and the |like are used as the linear saturated
carboxylic acid (a). [0034] The |linear saturated carboxylic
acid (a) that can be used is required to have a nunber nol ecul ar

wei ght of from 550 to 800, and particularly preferably from 600 to
800. In the case where the nynber average nol ecular weight is,too
small, the releasg 5" Rea surface dia patkafe, aid t he
surface of a packdge i
sat ur at ed HefariBeRsehtoc—g e 2 e
wei ght exceedi ng tihe a Z gt i s substantia )
and producewfand I{S L er ef™\gr & not Eealistic t opySe. [RQ035] 1QThe 0
number average nol ecll ar wel'§ht cafl® be measdred by, for 8xan1)"‘_e__,(2 S
follows. A sanple (linear saturated carboxylic acid (a)) is dissolved

in an amgunt, .of 0. 1% by ight in tetrahydraofuran (THF), and a nunber
average rblEHEaR &1 @i htwvﬁ?ﬁ%yngegﬁm gt (HEsrent Somysacheothsr  igpresent
usi ng GP el pernmeati on chronat ography). Measure t conditions in
bt & ScacditiftizenBELy Bpa o B o8 BOE ATHT-d PR VSHCTOFAEo0n S having
apparatus. HL.C-81200PC ( manuf act ured by Tosoh poration) Col um:

[ ( GVHHR- SI%"R%&&Q-C R }s]an(lﬁﬁﬁ%ﬁﬁwgggéy Tosoh Cor por at i on)
Flow rate. 0 8,m/m n,20Concentr.ation: 0.196R% mei&%t | njection .

amount: 100 p. P Col urlh®t ERYEL FEife CONBOSIEPR T S8 Eﬂwrofel?f’%}??uwpﬁt)

0036] 25The oxidi t hyl 13). i s preferabl d
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used together with the a speci ease agen onen

Exampl €5 a0l (e S8ELAlert ] §22 8030501 Al eI GOMmRURGIS, SURD 3,

gener al I ¢ acld est’ers and
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The specihif59eL,8ape agent (conponent (E)) is preferably used al one
as a rel ease agent conponent. In the case of using the specific
rel epse ﬁﬁ@g (conponent 15 (E)) together with the general rel ease

e specific release agent (conponent (E)) is preferably
bl ended such tgat thg agpy he.specifiicihel ea Fﬁ&ﬁﬂ o] t
(B)) is 20% byb'vvei gh'Eg or nﬁ(&;(%nélﬁg%&tﬁig%@ oluﬁadhgc}lﬁghg ?SS easeh%tggn?]%%ﬁp
componen | wikheneo 2o 1 Lfi :
(compon e%’?"ai’%?%&? swgtr? eg‘hgr g%ﬁ}l fr?%?n é%)gn%ﬁg%ht I'g&Z %‘%%%Egé&v\%%g E%“,:ap 5‘#118“"“
parti cul grdoyaiRg &f Sfyale iR Gok. to 0. 5% by weight, of the whol e of
the epoxy resin conposition. In the case where the content of the
conponenpxﬁg} is too small or too large, it is difficult to
contribute to warpage suppression and further surely secure

contgquous mol dgpbipkdsbyt WREABrsTRAVY &iridsR9 dddaiBersRER) BaRMed research to
flowability and powder bl ocking property. 25 Various additives

| f necesg@hi a b&iRicBRANor &RLFSuTRANBARAEHANhAS mstnﬁﬂp sBE5teisel WASPHcb YT a

can appropriately contain various additives such as a curing

accel er apQlkagdl bt }AEesCRYLAIALy BIRN Warra gt kdiFerdiBicahfl® Rhs ex@Bl1éR Powder
trappi ng agent, a stress reducing agent, a plgnenf such as carbon

blocking property in addition of excellent flowability and continuous moldability. As



[ 0043] Exanpl es of the flame retardant include a novol ak
type brom nated epoxy resin 10 and a netal hydroxide. Those fl ane
retardants may be used al one or as m xtures of two or nore thereof.
[0044] As the ion trapping agent, all of the conventional conpounds
having the ability to trap ions can be used. Exanples of the ion
trappi ng agent used include 15 hydrotal cites, bisnmuth hydroxi de and
yttrium oxiegelt, thedxentosh haveslopnd ghah yden enpilylensealyeal sampennd component
m xtures of two or re thereof. [0045] . Exanpl es of the stress
reduci ng @B)efﬁpr%%ﬁegl)dy the eheyefemuliie it usadcR agpepidicramount and the above
, acrylate-butgdiene-styre e COpOIé%FKS and nethgl o

met hacr y| SREE1H GelaReagant (SompenanE ) dopisiheiesed, dusdg synerpistpeffect of those
conpounds. Those stress reducj ng aqfnts are used al one or as m xtures

of two OrCORRCBCRIFHCVRAPRET BENEEALION can DeTHEPISE Ky WAHBER terapiIalire depsndency
senm cgnduct or encapsul ation according to_ th resent invention can be
pr oduced,’ f%‘ﬁwﬁéﬂ&e&&tﬁt meﬁiﬁ .aqq%@o% HEPTOREIEE dre btaineds ndhet
necessary, one or nor ther additives ar ppropriately bl ended
accor di ng"YHREAEHTE itg‘?ﬁlcs%ﬂ%’%?o’é%ﬁ’@%éﬁ?@ @F&{nﬁi@lgﬂ xture is
nelt-kneﬂﬁﬁﬂdunder heating in a kneader such as a mxing roll. The
kneaded re is cooled to roomtenperature to obtain a solid. The
solid is pulveﬁlzeddg¥ t he gonventional.geans. | f necessary, the
powder is conprid®edi§ npESSRhpINYEIIONTINIQVIdes, 21 §PRRH S B GRIPPELPR, for
conposi tion. ca step

d d b i f th 5[.0047 .
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sem conduct or enent P) nount
ti o jpd t i t it h.
Ecapsy; IPHEBRES al orhudlenRARRNYE! CAR% AR SRENM, HeClolhodidH" can
ti ' tr: . A G ' .{not sh
o he. s Bihdh0Fa SN dBlioE haRD hidh Bfdhityih oG broBRlihyif0t Shown)
connect i 18 | der term nal forned on other surface of the

sem conductor el ement nounting substrate 1. EXAMPLES 25[ 0049]

The present in I | L ; r e

o | but ng. Exansfacraites, SIERSShrABE ok iibhel BB SRy BrckBrspresented,

consjg ue Behhy [

foll jjo(\jfvl ngy ?lgerrpone%lt ?)\rgee%‘g%ﬁ? (e}b&aér]gﬁﬁer%gg% g%éhiﬁggglsrfﬁ%ﬁ (Ec_%p Oﬁe_tﬂ? (A),

Bi pheny! i B6eRRRX Y@ Mk GRERS ﬁﬂﬁl@dre?&fdirﬁg frohAicn (18) f.f{ngW&s{negt’Ll
0 (epox , e

to R18 are a nethyl group, and n 1s equi val ent : t1ng
poi nt: 1886AbiliRl Q@sdbvddrenol resin bl Bi phenyl aral kyl type phenol
resin (hydroxyl” equivalent: 203, softening point: 65C) Phenol resin
b2 15Phenol novol ak resin (hydroxyl equivalent: 104, softening point:
60C) Phenol resin b3 Triphenyl net hane type phenol resin (hydroxyl

equi val ent: 97, softeniggrpardcrbpIEN OPGRA DROGYTYAY accel erat or

2- Phenyl - 4- met hyl - 5- hydr oxynet hyl i m dazol e [ 0054] Ethyl ene gl ycol
typexsonpeusd di (Exanpl e) Monoet hyl ene gl ycol (nunber
average nol ecular weight: 62; in the formula 25 (1), n=1, R =CH and



D et hyl ene glycol (nunber average nol ecul ar weight: 106; in the
formula (1), n=2, RI=0OH and R2=H) Et hyl ene gl ycol type conpound d3

( Exanpl e) Pol yet hyl ene gl ycol (nunber average nol ecul ar
wei ght: 194-238; in the 5 formula (1), n=4, R =CH and R2=H) Ethyl ene
gl ycol type conpound d4 (Exanple) Pol yet hyl ene gl ycol (nunber

average nol ecul ar weight: 282-326; in the formula (1), n=6, R -OH and
R2=H) Et hyl ene Bydols eyprescesionaidvies sdematcaly iwlnétmw?éﬁéiegrqmbl
di mret hyl ether_ (nunber average nol ecular weight: 178; in the formula
(1), n:3,aF&9%$é®“§ﬁ&%R2:CH3) Et hyl ene gl ycol type conpound d6

( Exanpl e) Di et hyl ene gl ycol nonobutyl ether (nunber average
nol ecul ar weight: 162; in the fornmula (1), n=2, Rl= C4H90 and R2=H) 15
Et hyl ene gl ycol type co ound d7 E@gratlve Exa ?

Pol yet hyl ene gl ycol QK THER G TI@N0- 414; in the
formul_a ( b n=8, 12.1=0H and R2=H) Ethyl ene gl ycol type conpound ds
(Cbnpéraﬂp k”Exaane) Pol yet hyl ene egcoI (nunber aver age
nol ecul ar wei g 590- 63? inthe 20 formula (1), n= R1- OH and
R2=H) [0055] | noRbpsiments fon capryimg auf rl@aaresrsnfs@ae@maé%d%mh@r beleWer age
particle abﬁﬂeter 13 um) [0056] 25 Pignent Carbon black [0057]

Fl ame retl nt Magnesi um hydroxi de [0058] 5Sil ane coupling agent

3- Met hacryl oxypr.op ItrlnEIhox S|Iane 0059] ease agent, el

Exanpl e) e’ dpos g9 <£r %‘%F&ﬁe?ma foRc fwrwftﬁy
Baker Petr riég Un|Q|d10 700 nunber er age nDIe ztgar wei ght: 789))
Rel ease z{ ‘%a“é B %}He@)‘l ¢ mP"Sl’fl‘?’}be Y SBPHGRY) AL ?jPEFéF"}te‘PH?}}“QHéS

£ "l B AT e A S
f I 4 (P: i
o) wja“q%gsft@;l e e
5 3. Co Ex 20PED- 520
e o s R SRR RS B0, B TS LBl o

Exanpl es 0 nts homn in Tables 1 to 4 shown bel ow were
si mul tané’%t srfef}]bgltgfﬂg% pB}” f)rOrti ons shown in the Tables, and each

of the ri |ng bl ends was nelt-kneaded 25 with a mxing roller
(100C) for ninutes The nolten product was cool ed. The resulting
sollg was,. BXfc%ﬁ1d and the resulting powder was conpressed into
t abl ets. e intended epoxy resin conposition for

sem conduct or ?Hg @]9&9 r%&h?@o%ﬁ?neﬁ{ GR e fusd D8Y epoxy resins. For example,

a bifunctional epoxy resin is preferably used. Above all, an epoxy resin having a
biphenyl group, represented by the following formula (2) is particularly preferably used.
[0017]

HpC — CH—CH2

in which Rj; to Rjs which may be the same or different from each other represent
hydrogen atom or a substituted or unsubstituted monovalent hydrocarbon group having

from 1 to 10 carbon atoms, and n is an integer of from 0 to 3.



Each epoxy resin conposition obtained in the Exanples and Conparative
5 Exanpl es was subjected to neasurenent and eval uation according to
the followi ng nethods. The results obtained are shown in Tables 1 to
4 shown bel ow. [0062] 1) Continuous noldability A nolding nold was
previ ously cl eaned. A package was encapsul ated with 10 each of the
epoxy resins obtained in the Exanples and the Conparative Exanpl es by
transfer [@18&li ng (nol ding tenperature: 175C, and nolting time: 90
seconds), and this procedure was repeated. The nol di ng shot nunber
until the epoxynr 8w pboendosnulao®)i shet mbktithitedt be wshbititgtedoindnovalent
(sticking) or forms stain was counted, and the nunber when shot

st opped anfdr@élslmni greep hadmn &opat tade carbed aignsampy bk agatyrated Jyduchpon
Wi re-bondi ng a senm conductor elenment (10 nmx 10 mMm x 0 3 mm t hi ck)
to a bal Igrei endamey e @BOapatytakast hvdrecatzm grovx  3Buthermoe, thersubstitiied or
with a gold wire (0.02 nmdianeter x 4.5 mmlong). [0063] 2) Warpage
t enpePat wnsukstipaetiaanyvakamhpdrorargen grosipdaviagSidnad da 1 Gicatbopatdmsomay he
epoxy resin conpositions obtained in the Exanpl es and the Conparative
Exanpl es 2blmeag gtrggnea branchied dormoirdd wyclice dprer. attheeR111t058;s ars| gartigularly
time: 90 seconds), and the epoxy resin conposition was post-cured at
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25  represented by the above formula (2) is preferably used in an amount of 60% by weight

or more of the whole of the epoxy resin components,
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[0020]
B: Phenol resin

The phenol resin (component (B)) functions as a curing agent for the epoxy
resin (component (A)). Examples of the phenol resin include a dicyclopentadiene type
phenol resin, a phenol novolak resin, a cresol novolak resin, a phenol aralkyl resin,
biphenyl aralkyl type phenol resin and a triphenylmethane type phenol resin. Those
phenol resins may be used alone or as mixtures of two or more thereof,

[0021]

The phenol resin (component (B)) is preferably blended with the epoxy resin
(component (A)) in an amount sufficient to cure the epoxy resin (component (A)).
Specifically, the epoxy resin (component (A)) and the phenol resin (component (B)) are
blended such that the sum of hydroxyl groups in the phenol resin tcomponent (B)) is
preferably from 0.6 to 1.2 equivalents, and more preferably from 0.7 to 1.0 equivalent,
with respect to one equivalent of the epoxy groups in the epoxy resin (component (A)).
[0022]

C: Inorganic filler

Examples of the inorganic filler (component (C)) used together with the above
component (A) and component (B) include quartz glass, talc, a silica powder (such as a
fused silica powder or a crystalline silica powder), an alumina powder, an aluminum
nitride powder, and a silicon nitride powder. Those inorganic fillers can be used in
any form, such as a crushed form, a spherical form or a ground form. Those inorganic
fillers are used alone or as mixtures of two or more thereof. Of those, the silica
powder is preferably used in that a linear expansion coefficient of a cured product
obtained can be reduced. Of the silica powders, a fused spherical silica powder is
particularly preferably used from the standpoints of high filling properties and high

flowability.
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{0023]

Furthermore, the inorganic filler (component (C)) having an average particle
diameter in a range of from 5 to 40 pm is preferably used from the standpoint of
improvement of flowability. The average particle diameter of the inorganic filler
(component (C}) can be determined by, for example, selecting a random measurement
sample from a population a;ld measuring a particle diameter thereof using the
commercially available laser diffraction/scattering particle size distribution analyzer,
[0024]

The content of the inorganic filler (component (C)) is set to a range of
preferably from 60 to 93% by weight, and particularly preferably from 70 to 91% by
weight of the whole of the epoxy resin composition. In the case where the content of
the inorganic filler (component (C)) is too small, the viscosity of the epoxy resin
composition is excessively decreased, and poor appearance (formation of voids) tends to
cause upon molding. On the other hand, in the case where the content is too large,
flowability of the epoxy resin composition is deteriorated, tending to cause flow of
wires and incomplete filling. .

[0025]
D: Specific compound
The specific compound (component (D)) used together with the above

components (A) to (C) is a compound represented by the following formula (1):

R1—6CH2mCH?—o§:—R2 e (1)

in which R; represents a hydroxyl group or an alkoxy group, R, represents a hydrogen

[0026]

atom or a monovalent hydrocarbon group, and n is an integer of from 1 to 7.

[0027]
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In the formula (1), R, is a hydroxyl group or an alkoxy group, and R; is a
hydrogen atom or a monovalent hydrocarbon group. From a comprehensive
standpoint of powder blocking property in addition to warpage temperature dependency,
R, is preferably an alkoxy group, and R is preferably a hydrogen atom or an alkyl
group. R; is particularly preferably an alkoxy group having from 1 to 5 carbon atoms,
and R; is particularly preferably a hydrogen atom or an alkyl group having from 1 to 3
carbon atoms. The repetition number n is preferably an integer of from 2 to 4,

[0028]

The compound (component (D)) represented by the formula (1) can be
synthesized by the conventional production method. For example, polyethylene glycol
can be synthesized by addition-polymerizing ethylene oxide with ethylenc. glycol or
diethylene glycol in the presence of an alkali catalyst such as sodium hydroxide or
potassium hydroxide in a pressurized and moisturized state, The ethylene glycol as a
raw material can be synthesized by adding ethyléne oxide to water. at high temperature
under medium pressure.  The commercially available products (for example,
manufactured by Toho Chemical Industries, Ltd.) can be used as the compound
(component (D)).

[0029]

The content of the component (D) is required to be set to a range of frbm 0.1to
1.5% by weight of the whole of the epoxy resin composition from the standpoint of the
suppression effect of warpage. Considering powder blocking property in addition to
the suppression effect of warpage, the content is particularly preferably from 0.4 to
1.5% by weight. in the case where the content of the component (D) is too small, the
suppression effect of warpage generation and reduction effect of warpage temperature

dependency are not achieved. On the other hand, in the case where the content of the

10
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compound (D) is too large, the assurance of good powder blocking property are
difficult.
[0030]
E: Specific release agent

The specific release agent (component (E)) used together with the above
components (A) to (D) is used to secure improvement of continuous moldability in the
present invention, and includes at least one of the following (o) and (B). Of the
specific release agent (component (E)), a linear saturated carboxylic acid which is (o)
below is particularly preferably used from the standpoint that deterioration of viscosity
of a resin is not allowed to cause. On the other hand, the combined use of the
following (o) and (B) is preferred from the standpoint of improvement of continuous
moldability (anti-staining properties).

(o) a linear saturated carboxylic acid having a number average molecular
weight of from 550 to 800.

(B) an oxidized polyethylene wax.
[0031]

The linear saturated carboxylic acid () is specifically a compound represented
by the following formula (3):
[0032]

CH3—60H2-)—;COOH e (3)

in which n is an integer of from 32 to 52,
[0033]

In the formula (3), the repetition number n is from 32 to 52, but actually is
appropriately selected such that the number average molecular weight is a value
satisfying from 550 to 800. Specifically, Unicid manufactured by Baker Petrorite, and

the like are used as the linear saturated carboxylic acid (o).

11
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[0034]

The linear saturated carboxylic acid (o) that can be used is required to have a
number molecular weight of from 550 to 800, and particularly preferably from 600 to
800. In the case where the number average molecular weight is too small, the release
agent oozes on a surface of a package, and the surface of a package tends to stain. On
the other hand, the linear saturated carboxylic acid having large number average
molecular weight exceeding the above arrange is substantially difficult to get and
produce, and is therefore not realistic to use.

[0035]

The number average molecular weight can be measured by, for example, as
follows. A sample (linear saturated carboxylic acid (0.)) is dissolved in an amount of
0.1% by weight in tetrahydrofuran (THF), and a number average molecular_ weight in
terms of polystyrene can be measured using GPC (gel permeation chromatography).
Measurement conditions in this case are described below.

Measurement conditions

GPC apparatus: HLC-8120GPC {manufactured by Tosoh Corporation)

Column: [(GMHHR-H)+(GMHHR-H)+(G2000HHR)] (manufactured by
Tosoh Corporation)

Flow rate: 0.8 ml/min

Concentration: 0.1% by weight

Injection amount: 100 ul

Column temperature: 40°C

Eluent: Tetrahydrofuran (THF)

[0036]
The oxidized polyethylene wax (B) is preferably used by appropriately

selecting numerical values of a drop point, an acid value, a number average molecular

12
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weight, a density, an average particle diameter and the like. Specifically, it is preferred
that the drop point is a range of from 100 to 130°C, the acid valué is a range of from 10
to 70 mgKOH/g, the number average molecular weight is a range of from 800 to 3,000,
and the density is a range of from 0.8 to 1.1 g/em’. For example, PED-136, PED-521
and the like, manufactured by Clariant can be used as the oxidized polyethylene wax ()
having such pi‘operties.

[0037]

In the epoxy resin composition of the present invention, general release agents
can be used together with the above specific release agent (component (E)). Examples
of the general release agents include compounds such as general higher aliphatic acid
esters and higher aliphatic acid calcium. For example, carnauba wax, polyethylene
type wax and the like are used. Those are used alone or as mixtures of two or more
thereof. The specific release agent (component (E)) is preferably used alone as a
release agent component. In the case of using the specific release agent (component
(E)) together with the general release agents, the specific release agent (componept E)»
is preferably blended such that the amount of the specific release agent (component (E))
is 20% by weight or more of the whole of the release agent components.

[0038]

The content of the specific release agent (component (E)) is preferably from
0.05 to 2.0% by weight, and particularly preferably from 0.1 to 0.5% by weight, of the
whole of the epoxy resin composition. In the case where the content of the component
(E) is too small or too large, it is difficult to contribute to warpage suppression and
further surely secure continuous moldability while maintaining flame retardancy,
flowability and powder blocking property.

Various additives

13
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If necessary, the epoxy resin composition of the present invention can
appropriately contain various additives such as a curing accelerator, a silane coupling
agent, a flame retardant, an ion trapping agent, a stress reducing agent, a pigment such
as carbon black, and a colorant, in addition to the above components (A) to (E).

5  [0039]

As the curing accelerator, various compounds exerting an action for
accelerating curing can be used. Examples of the curing accelerator include a
phosphorus compound, a tertiary amine, a quaternary ammonium salt, imidazoles, and a
boron compouﬁd. Those are used alone or as mixtures of two or more thereof. Of

10 those, an imidazole compound represented by the following formula (4) is preferably
used from the standpoints of moldability and curability. Specific example of the
imidazole compound is 2-phenyl-4-methyl-5-hydroxymethylimidazole.

[0040]

15  in which R; represents an alkyl group or an aryl group, and R4 and R which may be the
same or different from each other represent -CHj or -CH,OH, provided that at least one
of R4 and Ry is -CH;OH.

[0041]
The content of the curing accelerator is set to a range of preferably from 1.0 to

20 12.0% by weight, and more preferably from 3.0 to 10.0% by weight, based on the
weight of the phenol resin (component (B)).

[0042]
14
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Silane coupling agents having two or more alkoxyl groups are preferably used
as the above silane coupling agent. Specific examples of the silane coupling agent
include  3-methacryloxypropyltrimethoxysilane,  p-(3,4-epoxycyclohexyl)ethyltri-
methoxysilane, y-glycidoxypropyltrimethoxysilane, y-mercaptopropyltrimethoxysilane,
y-(2-aminoethyl)aminopropyltrimethoxysilane, y-mercaptopropylmethyldimethoxy-
silane, y-anilinopropyltrimethoxysilane and hexamethyldisilazane.  Those silane
coupling agents are used alone or as mixtures of two or more thereof.

[0043]

Examples of the flame retardant include a novolak type brominated epoxy resin
and a metal hydroxide. Those flame retardants may be used alone or as mixtures of
two or more thereof.

[0044]

As the ion trapping agent, all of the conventional compounds having the ability
to trap ions can be used. Examples of the ion trapping agent used include
hydrotalcites, bismuth hydroxide and yttrium oxide. Those ion trapping agents are
used alone or as mixtures of two or more thereof.

[0045]

Examples of the stress reducing agent include butadiene rubbers such as
methyl acrylate-butadiene-styrene copolymers and methyl methacrylate-butadiene-
styrene copolymers, and silicone compounds. Those stress reducing agents are used
alone or as mixtures of two or more thereof.

[0046]

The epoxy resin composition for semiconductor encapsulation according to the
present invention can be produced, for example, as follows. The components (A) to
(E) and if necessary, one or more other additives are appropriately blended according to

the conventional method, and the resulting mixture is melt-kneaded under heating in a

15
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kneader such as a mixing roll. The kneaded mixture is cooled to room temperature to
obtain a solid. The solid is pulverized by the conventional means. If necessary, the
powder is compressed into tablets. Thus, the intended epoxy resin composition can be
produced by a series of the steps.

[0047]

Semiconductor device

A method for encapsulating a semiconductor element using the epoxy resin
composition thus obtained is not particularly limited. The encapsulation can be
performed by the conventional molding process such as transfer molding to obtain a
semiconductor device. A powder in a granular state obtained by pulverizing a solid
without passing the tableting step can be applied to a compression molding method.
Examples of the semiconductor device thus obtained include IC and LSI.

[0048]

The semiconductor device thus obtained of the present invention includes a
one-side resin-encapsulated package as shown in Fig. 1. The one-side resin-
encapsulated package includes a semiconductor element mounting substrate 1, such as a
bismaleimide-triazine resin (BT resin), and a semiconductor element (Si chip) 2
mounted on the substrate, only the mounting surface side of the substrate being
encapsulated with an encapsulating resin 3. In Fig. 1, 4 is a bonding wire for
connecting the semiconductor element 2 and a circuit part (not shown) on the
semiconductor element mounting substrate 1, and 5 is a connecting solder terminal

formed on other surface of the semiconductor element mounting substrate 1.

EXAMPLES
[0049]

16



0.90 - - - .. - d6 - - 0.90 - - - - d7- - .- - - d8 - - - -
- - - Inorganic filler (C) 87.81 87.81 87.81 87.81 87.81 87.81

87.96 87.56 Pi gnment 0.51

The present invention is described below by reference to the following
Examples and Comparative Examples, but the invention is not construed as being
limited to those Examples.
[0050]
5 First, the following components were prepared.
[0051]
Epoxy resin
Biphenyl type epoxy resin represented by the formula (2) in which Ry to Rig
are a methyl group, and n is 0 (epoxy equivalent: 192, melting point: 105°C)
10 [0052]
Phenol resin bl
Biphenyl aralkyl type phenol resin (hydroxyl equivalent: 203, softening point:
65°C)
Phenol resin b2
15 Phenol novolak resin (hydroxyl equivalent: 104, softening point: 60°C)
Phenol resin b3
Triphenylmethane type phenol resin (hydroxyl equivalent: 97, softening point:
111°C)
[0053]
20 Curing accelerator
2-Phenyl-4-methyl-5-hydroxymethylimidazole
[0054]
Ethylene glycol type compound d1 (Example)
Monoethylene glycol (number average molecular weight: 62; in the formula
25  (1),np=1, R;=0H and Ry=H)
Ethylene glycol type compound d2 (Example)

17
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Diethylene glycol (number average molecular weight: 106; in the formula (1),
n=2, R;=0OH and R,=H)
Ethylene glycol type compound d3 (Example)

Polyethylene glycol (number average molecular weight: 194-238; in the
formula (1), n=4, R;=0H and Ry=H)
Ethylene glycol type compound d4 (Example)

Polyethylene glycol (number average molecular weight: 282-326; in the
formula (1), n=6, R;=0OH and R,=H)
Ethylene glycol type compound dS (Example)

Triethylene glycol dimethyl ether (number average molecular weight: 178; in
the formula (1), n=3, R;=CH30 and Ry=CHj)
Ethylene glycol type compound d6 (Example)

Diethylene glycol monobutyl ether (number average molecular weight: 162; in
the formula (1), n=2, R;=C4HyO and Ry=H)
Ethylene glycol type compound d7 (Comparative Example)

Polyethylene glycol (number average molecular weight: 370-414; in the
formula (1), n=8, R;=OH and R,=H) .
Ethylene glycol type compound d8 (Comparative Example)

Polyethylene glycol (number average molecular weight: 590-634; in the
formula (1), n=13, R;=0OH and R,=H)
[0055]
Inorganic filler

Spherical fused silica powder (average particle diameter: 13 pm)
[0056]
Pigment

Carbon black

18
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[0057]
Flame retardant
Magnesium hydroxide
[0058]
Silane coupling agent
3-Methacryloxypropyltrimethoxysilane
[0059]
Release agent €1 (o: Example)
CH;-(CH;),-COOH (n=24 (average), manufactured by Baker Petrorite, Unicid-
700 (number average molecular weight: 789))
Release agent €2 (3: Exampie)
PED-136 (oxidized polyethylene wax, acid value: 60 mgKOH/p),
manufactured by Clariant
Release agent €3 (B: Example)
PED-521 (oxidized polyethylene wax, acid wvalue: 17 mgKOH/g),
manufactured by Clariant |
Release agent e4 (B: Comparative Example)
PED-190 (polyethylene wax), manufactured by Clariant
Release agent e5 (B: Comparative Example)
PED-520 (polyethylene wax), manufactured by Clariant
[0060]
Examples 1 to 18 and Comparative Examples 1 to 12
Components shown in Tables 1 to 4 shown below were simultaneously blended
in proportions shown in the Tables, and each of the resulting blends was melt-kneaded
with a mixing roller (100°C) for 3 minutes. The molten product was cooled. The

resulting solid was pulverized, and the resulting powder was compressed into tablets.

19
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Thus, the intended epoxy resin composition for semiconductor encapsulation was
prepared.
[0061]
Each epoxy resin composition obtained in the Examples and Comparative
5  Examples was subjected to measurement and evaluation according to the following
methods. The results obtained are shown in Tables 1 to 4 shown below.
[0062]
1) Continuous moldability
A molding mold was previously cleaned. A package was encapsulated with
10 each of the epoxy resins obtained in the Examples and the Comparative Examples by
transfer molding (molding temperature: 175°C, and molting time: 90 seconds), and this
procedure was repeated. The molding shot number until the epoxy resin composition
is stuck to the molding mold (sticking) or forms stain was counted, and the number
when shot stopped was described.
15 The package used is a package produced by wire-bonding a semiconductor
element (10 mm x 10 mm x 0.3 mm thick) to a ball grid array (BGA) substrate (35 mm
x 35 mm x 0.5 mm thick) with a gold wire (0.02 mm diameter x 4.5 mm long).
[0063]
2) Warpage temperature dependency
20 A package was encapsulated with each of the epoxy resin compositions
obtained in the Examples and the Comparative Examples by transfer molding (molding
temperature: 175°C, molding time: 90 seconds), and the epoxy resin composition was
post-cured at 175°C for 3 hours. Thus, a molded product (one-side encapsulated
package) was obtained. The package is that silicon chips (10 mm x 10 mm x 0.37 mm
25  thick) were mounted on a substrate (50 mm x 50 mm x 0‘.22 mm thick, CCL-HL832,

manufactured by Mitsubishi Gas Chemical Company, Inc.) in which a solder resist

20
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(PSR-4000 AUS308 manufactured by TAIYO INK MFG. Co., LTD) is applied, with a

die bonding material (EM-700J, manufactured by Nitto Denko Corporation) in a form

of 3 chips (long) x 3 chips (wide) (total 9 chips) at intervals of 10 mm.

Warpage of the molded product obtained was measured in a range of from

5 25°C to 260°C at intervals of 10°C, and difference (um) between the maximum value

and the minimum value in the range was calculated.

[0064]

3) Flowability

Spiral flow (SF) value

10 Spiral flow (SF) value (cm) was measured using a molding mold for spiral
flow measurement according to the method of EMMI 1-66 under the conditions of
175+5°C, 120 seconds and 70 kg/cm?.

[0065]
Gelation time (GT)

15 About 0.1 to 0.5 g of each epoxy resin composition obtained in the Examples
and Comparative Examples was placed on a 175°C hot flat plate, and was stirred with a
glass bar having a diameter of 1.5 mm. Time until resin cobwebbing has not been
observed was taken as gelation time (second). In the case of considering curability, the
gelation time of 60 seconds or less is generally proper.

20 [0066]

4) Powder blocking property

Each epoxy resin composition obtained in the Examples and Comparative
Examples was pulverized, and allowed to stand under the conditions of 25°C and
60%RH for 24 hours. The resulting powder was passed through a 1 mm mesh sieve.

25  The evaluation is as follows. When the powder remained in an amount of 20% by

weight or more on the sieve, the powder blocking property was judged to be “C” as Not
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Good. When the powder remained in an amount less than 5% by weight on the sieve,
the powder blocking property was judged to be “A”. 'When the powder remained in an
amount of from 5 to less than 20% by weight on the sieve, the powder blocking
property was judged to be “B”.

5  [0067]
TABLE 1

(Parts by weight)

Example

1 2 3 4 5 6 7 8 9 10

Epoxy resin (A) 626 | 6.02 | 626 | 6.02 | 649 | 626 | 6.02 | 567 | 6.02 | 6.02
bl | 289 | 2.78 | 2.8% | 278 | 3.00 | 2.89 | 2.78 | 2.62 | 278 | 2.78
Phenolresin(B) { b2 | 124 | 1.19 | 124 | 119 | 129 | 124 | 1.19 | 1.12 | 1.19 | 1.19
b3 - - - - - - -
Curing accelerator 029 | 0.28 [ 029 | 028 | 030 | 029 | 028 | 0.26 | 0.28 | 0.28
dl | 0.50 | 0.90 - -
d2 - - 0.50 | 0.90 -

d3 - - - - 0.10 | 0.50 | 0.90 | 1.50 | 0.90 | 0.90
Ethylene glycol A - . a - A ; - - - N
type a5 - " - ) - - " N . -
compound (D) 36 -
7| - - - - - - - - - -
ds - - - - - - - - - -
Inorganic filler (C) 87.81 | 87.81 | 87.81 | 87.81 | 87.81 | 87.81 | 87.81 | 87.81 | 87.81 | 87.81
Pigment 051 | 0.51 | 051 | 051 | 051 | 051 | 0.51 | 0.51 | 0.51 | 0.51

Flame retardant 0.10 | 0.10 |{ 0.10 | 0.10 | 0.10 | 0.10 [ .10 | 0.10 | 0.10 | 0.10
Silane coupling agent | 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15

el | 025 | 025 | 025 | 025 [ 025 | 025 | 025 | 0,25 - -
Flame retardant €2 = - - . - = = = 0.25 .
© 3| - - - . - - - - - | 025
ed | - - - - . - - - - -
es | - - - - - . - - - -
SF value (cm) 189 | 192 | 195 | 200 | 188 | 193 | 198 | 203 | 174 | 176
Gelation time (sec) 42 42 42 43 42 42 43 47 39 38
Continuous
moldability >500 | >500 | >500 | >500 | >500 | >500 | >500 | >500 | >500 | >500
(Number when shot
stopped)
Warpage temperature | so, | 554 | 559 | 303 | 603 | S72 | 465 | 312 | 471 | 469
dependency (pm)
Powder blocking B B B B A B B B B B
property
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- - - - _ dB- - - =----=-- d7-0.500.90- - - -

d8 - - - 0.50 0.90 - - - - Inorganic filler (C) 87.81 87.81 87.81
87.81 87.81 87.81

[0068]
TABLE 2
(parts by weight)
Example
11 12 13 14 15 16 17 18
Epoxy resin (A) 6.26 6.02 6.02 6.02 6.95 6.69 6.26 6.26
bl | 2.89 2.78 | -2.78 2.78 - - 2.89 2.8%
Phenol resin (B) b2 | 1.24 1.19 1.19 1.19 - - 1.24 1.24
b3 - - - - 3.52 3.39 - -
Curing accelerator 0.29 0.28 0.28 0.28 0.21 0.20 0.29 0.29
di - - - - - - 0.5 0.5
d2 - - - - - - - -
d3 - - - - 0.50 (.90 - -
Ethylene glycoltype | d4 | 0.50 0.90 - - - - - -
compound (D) d5 - - 0.90 - - - - -
dé - - - 0.90 - - - -
d7 - - - - - - - -
d8 - - - - - - - -
Inorganic filler (C) 87.81 | 8781 | 87.81 | 87.81 | 87.81 | 87.81 | 87.96 | 87.56
Pigment 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51
Flame retardant 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Silane coupling agent 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
el 0.25 0.25 0.25 0.25 0.25 0.25 0.1 0.5
e2 - - - - - - - -
Flame retardant (E) e3 - - - - - - - -
e4 - - - - - - - -
e5 - - - - - - - -
SF value (cm) 188 191 190 195 194 197 190 190
Gelation time (sec) 42 42 43 43 43 44 42 42
Continuous moldability
(Number when shot >500 >500 >500 >500 >500 >500 >410 >500
stopped)
Warpage temperature
436 463 452 421 585 472 589 548
dependency (um)
Powder blocking property B B A A B B B B
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87.81 87.81 87.81 Pignent 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51
0.51 Flane retardant 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Si | ane coupling agent 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15

Flame retardant (E) el 0.25 0.25 0.25 0.25 0.25 - - 0.25 0.25 e2- -
[0069]
TABLE 3
(parts by weight)
Comparative Example
1 2 3 4 5 6 7 8 9
Epoxy resin (A) 655 | 626 | 6.02 | 626 | 6.02 | 6.02 6.02 | 6.50 | 5.38
bl | 3.03 | 289 | 278 | 2.89 | 278 | 2.78 | 2.78 | 3.01 | 249
Phenol resin (B) b2 | 1.30 | 1.24 | 1.19 | 124 | 1,19 | 1.19 | 1.19 | 1.29 | 1.07
b3 - - - - - - - - -
Curing accelerator 030 | 029 | 0.28 | 029 | 028 | 028 | 0,28 | 0.30 | 0.25
dl - - - - - - - - -
d2 - - - - - - - - -
d3 - - - - - 090 | 0.90 | 0.08 | 2.00
Ethylene glycol type | d4 - - - - - - - - -
compound {D) d5 - - - - - - - - -
dé - - - - - - - - -
d7 - 0.50 | 0.90 - - - - - -
ds - - - 0.50 | 0.90 - - - -
Inorganic filler (C) §7.81 | 87.81 | 87.81 | 87.81 | 87.81 | 87.81 | 87.81 | 87.81 | 87.81
Pigment 051 | 051 | 051 | 051 | 051 | 051 | 0.51 | 0.51 | 0.51
Flame retardant 010 | 0.10 | 010 | 010 | 010 | 010 { 010 | 0.10 | 0.10
Silane coupling agent 0.i5 | 0,15 | 015 | 015 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15
el | 025 | 025 | 0.25 | 025 | 0.25 - - 025 | 0.25
€2 - - - - - - - - -
Flame retardant (E) e3 - - - - - - - - -
¢4 - - - - - 0.25 - - -
e5 - - - - - - 0.25 - -
SF value (cm) 185 185 186 184 185 175 178 186 | 212
Gelation time (se¢) 42 42 44 41 42 40 40 42 49
Continuous moldability
{Number when shot >500 { >500 | >500 | >500 | >500 | 134 112 | >500 | >500
stopped)
Warpage temperature
636 621 618 630 641 468 452 610 | 278
dependency (um)
Powder blocking property A B B B B B B A Cc
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10

It is seen from the above results that the epoxy resin compositions of the
Examples use all of the components (A) to (E), and have improved warpage temperature
dependency as compared with the epoxy resin compositions of the Comparative
Examples, good evaluation results are obtained in other evaluation items (moldability,

flowability and powder blocking property), and from this fact, a practically excellent

. ---- e3---.-=-=--- @4 - - - - 0.25- - _
- 0.25 - - SF value (cm 185 185 186 184 185 175 178
[0070]
TABLE 4
(parts by weight)
Comparative Example
10 11 12
Epoxy resin (A) 727 | 695 | 6.69
bl - - -
Phenol resin (B) b2 - - -
b3 | 3.69 | 352 | 3.39
Curing accelerator 022 | 021 | 020
dl - - -
4z . - -
d3 - - -
Ethylene glycol type | d4 - - -
compound (D) ds - - -
dé - - -
d7 - 0.50 | 0.90
ds - - -
Inorganic filler (C) 87.81 | 87.81 | 87.81
Pigment 0.51 j 0.51 | 0.51
Flame retardant 0.10 | 0.10 | 0.10
Silane coupling agent 0.15 | 0,15 | 0.15
el | 0.25 | 025 | 0.25
e2 - - -
Flame retardant (E) e3 - - -
ed - - -
e5 - - -
SF value {cm) 182 184 185
Gelation time (sec) 40 41 42
Continuous moldabili
(Number when shot stoptpyed) >300 | >500 | >500
Warpage temperature 641 623 619
dependency {(um)
Powder blocking property A B B
[0071]

epoxy resin composition for semiconductor encapsulation was obtained.

[0072]
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186 212 Gelation tinme (sec) 42 42 44 41 42 40 40 42 49 Conti nuous

nol dability (Nunmber when shot stopped) >500 >500 >500 >500 >500 134
112 >500 >500 Warpage tenperature dependency (pm 636 621 618 630 641
468 452 610 278 Powder bl ocking property ABB B BB B A C [0070]
TABLE 4 arts by wei ht

It is further seen that the amount of the ethylene glycol type compound blended
which is the component (D) must be from 0.1 to 1.5% by weight of the whole of the
epoxy resin composition, considering suppression effect of warpage, but from the
standpoints of both of suppression effect of warpage and powder blocking property, the

5  blending amount is preferably from 0.4 to 1.5% by weight. Furthermore, it is seen
from the measurement results of Examples 13 and 14 that in the ethylene glycol type
compound as the component (D), R; in the formula (1) is more preferably an alkoxy
group, not OH group, from the standpoints of warpage temperature dependency and
additionally powder blocking property.

10 [0073]

On the other hand, it is apparent that the epoxy resin compositions of
Comparative Examples 2 to 5, 11 and 12 that use the ethylene glyco! type compounds
d7 and d8 for Comparative Examples as the component (D) and the epoxy resin
compositions of Comparative Examples 1 and 10 that do not use the ethylene glycol

15  type compound have high warpage temperature dependency and cannot achieve the
suppress effect of warpage.
[0074]

It is further apparent that the epoxy resin composition of Comparative Example

8 having the constitution that the blending amount of the ethylene glycol type
20 compound as the component (D) falls outside the specific range and is lower than the

lower limit cannot achieve the suppression effect of warpage, and the epoxy resin

composition of Comparative Example 9 having the constitution that the blending

amount of the ethylene glycol type compound as the component (D) falls outside the

specific range and exceeds the upper limit cannot achieve good powder blocking
25  property.

[0075]
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Conpar ative Exanple 10 11 12 Epoxy resin (A) 7.27 6.95 6.69 Phenol

resin (B) bl - - - b2 - - - b3 3.69 3.52 3.39 Curing accel erator
0.22 0.21 0.20 Ethylene glycol type conpound (D) dl - - - d2 . - -
d3 - - - d4 -

10

15

20

25

It is apparent that the epoxy resin compositions of Comparative Examples 6
and 7 using polyethylene wax acting as a release agent other than (o) and (B) of the
component (E) of the present invention are that measurement result of the continuous
moldability is remarkably low, and as a result, continuous moldability is poor.

[0076]

While the invention has been described in detail with reference to specific
embodiments thereof, it will be apparent to one skilled in the art that various changes
and modifications can be made therein without departing from the spirit and scope
thereof.

Incidentally, the present application is based on Japanese Patent Application
No. 2011-198165 filed on September 12, 2011, and the contents are incorporated herein
by reference.

All references cited herein are incorporated by reference herein in their
entirety.

[0077]

The epoxy resin composition for semiconductor encapsulation of the present
invention shows excellent characteristics in moldability and high temperature and high
humidity reliability, and is therefore useful as an encapsulation material in various

semiconductor devices such as a one-side resin-encapsulated package.

Description of Reference Numerals and Signs

[0078]
1 Semiconductor element mounting substrate (BT resin)
2 Semiconductor element (Si chip)
3 Encapsulating resin
.4 Bonding wire
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-- d6b- - - d6 - . - d7 - 0.50 0.90 d8 - - - Inorganic filler
(C 87.81 87.81 87.81 Pignent 0.51 0.51 0.51 Flanme retardant 0.10
0.10 0.10 Silane coupling agent 0.15 0.15 0.15 Flane retardant (E) el
0.25 0.25 0.25 e2 - - _

5 Solder terminal
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e3 - - - e - - - e5- - - SFvalue (cm 182 184 185 Celation tine
(sec) 40 41 42 Continuous noldability (Nunmber when shot stopped) >500
>500 >500 War page tenperature dependency (nn) 641 623 619 Powder

bl ocki ng property A B B [0071] 5It is seen fromthe above results
that the epoxy resin conpositions of the Exanples use all of the
conponents (A) _to (E), and have inproved warpage tenperature
dependenc‘?”‘l(a%%é%%éﬂé@msﬁh t he epoxy resin conpositions of the
Conpar ati ve Exanpl es, good evaluation results are obtained in other
evaluation itenms (noldability, flowability and powder bl ocking
property), and fromthis fact, a practically_excellent 10 epoxy resin
conposi tion forl-sem AhdERIYr TEHR apANPRETGH A s SHHCARHHSEPT Eoeppsilation,
It is further, see trgcﬁ{ t.he anmount of the ethylene glycol type )
conpound PIEEGRE e Elqveng HOmPoRER Y toDfEhudkersia” theosompanang (B) sis,

by wei ght of .the whol e of e epoxy . resin conposition, considering,
suppr essi ‘R 4B AL GKE} Bﬁger,n B 158 wéﬁ&%&lﬁowh% Arthe ra¥ygesin
suppressi on effect of warpage and powder bl ocking property, the 5

bl endi ng SRBAHEO™s preferably from 0.4 to 1.5% by wei ght.

Furthernore, it 'hs seen fromthe neasurenment results of Exanples 13
and 14 that in©H81EPFRNIEHE: gl ycol type conpound as the component

(D), RL in the rmula (1) is nore preferably an al koxy group, not OH
group, fromthéég?gﬁ?ﬁ%&#‘% of warpage tenperature dependency and

additionally p er. bl ocki property. 10[0073] On the ot her
hand, it is apgéf%‘h{n"f%ﬂcﬁﬁ"é’ epoxy resin conpositions of Conparative

Exanples 2 to 11 and 12 that u h t hyl ene gl ycol type
conpounds d7 aﬁa)ﬁﬁc’%? %?F%{F?‘f}@/Eﬁgﬁﬁ?‘@ﬁgi%f@ﬁ%@onponem (D) and
t he epoxy resin conpositions of Conparative Exanples 1 and 10 that do
not use the ethyl ene glycol

R1—(—CH2—-CH2—oj—n—.— Rz = (1)

in which R, represents a hydroxyl group or an alkoxy group, R; represents a hydrogen
atom or a monovalent hydrocarbon group, and n is an integer of from 1 to 7; and

(E) a release agent comprising at least one of the following (or) and (B):

(o) a linear saturated carboxylic acid having a number average molecular
weight of from 550 to 800, and

(B) an oxidized polyethylene wax.

2. The epoxy resin composition for semiconductor encapsulation
according to claim 1, wherein the epoxy resin as the component (A) is an epoxy resin

having a biphenyl group, represented by the following formula (2):

R RizRis R

N7/
|
CHy

anSeSas
i /N

13 Riq Ri7 Ria n
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15 type conmpound have hi gh warpage tenperature dependency and cannot
achi eve the suppress effect of warpage. [0074] It is further
apparent that the epoxy resin conposition of Conparative Exanple 8
having the constitution that the bl ending anount of the ethyl ene

gl ycol type 20 conpound as the conponent (D) falls outside the
specific.rangg and is lower than the lower Iimt cannot achieve the
suppr essiiBrivaek & tofRmayipelyanayabel thensaneg ox fiffesentnfremngsshi athemrepfesent
Conpar ative Exanple 9 having the constitution that the blending
amount othfiFfé_geéthgﬂl ena sybspiderd oy pasubsiigtedaonpyalenbhydspgasbemgroupaving
falls outside the s%ecific range and exceeds the upper limt cannot
achi eve ¢b%d 1o We errben giomns, gnds iy aspiategyr off fpmm Jto 3. It is
apparent that the epoxy resin conpositions of Conparative Exanples 6
and 7 using pol yethyl ene wax acting as a rel ease agent other than (a)
and (13) of the conpepnent (E) of the present invention are that )
measurement resul t of! BEh&PEBHt feRillo FEmPEsiHARi fart yemicopduripk samegpsuiaiion
and as a resylt, continuqus noldability is poor. 5[0076] VWil e
the | nveRErRRELR Clam | Q1ds Mhershe romwpaint (R Frropiinsdn as amQuBtRIdram ¢

enbodi nents .t h of , .i i1 be apparent to,one skilled in the art

t hat varildu® lcﬁ’% e‘gelgli[’&?\?dﬁ%?ng?l@éﬁ R RPOXH FESHRCOmRASTORer i n i t hout
departing fromthe spirit and scope thereof 10l ncidentally, the
present application is based on Japanese Patent Application No.
2011-198165 filed on_ Septenber 12, 2011, .and.the contents are )

i ncor porat ed hér ei n BﬁerSPﬁﬁde@P APIPPYHR offt o SETRICPRIPGIY &ufapsplation

1O POr S SSaRY SHELERSE S P D, LBkl et L 0 e
A A A BT RGN I

useful as an encapsul ation nmaterial in various sem conductor devices
such as a one-side resin-encapsul ated package. 20 Descri ption of

el rence mmcal s sig SRS, LO07ShodRRTLAR TSR RABHALS,

substrate (BT resin)
253E | at.] i i i 58o0),d t inal , WHAT | S .
G e ToRhhER LSS0 AT Mt Sinereplnd Shick ol o ipponiint ) s

encapsul gL Py f | conmponents (A) f{ BE), .
wheroin Pirafibar SAIRIGSPRBRE oLl (AP TRARE s mo Bl wrighof
1. 5% by ﬁ@&ﬂﬁbt8f he whol e of the epoxy resin conposition: (A
an epoxy resin; ?ﬂ?'a phenol resin; (C an inorganic filler; (D) a
compound represented by the followng fornula (1): p2( 1 ) in which
Rl represents a hydroxyl group or an al koxy group, R 2 represents a

hydrogen atom gr a d”R”%%&?%%Hg&}SPr@&%eb%nﬁ{rﬁ : aa.nééxrﬂcé)rgi[u@{&é i @{eﬁ‘gg{

of from1l to 7; an rel ease agernt conprising ast one

of the f ' (& : ' sat.u (o] ' el d
havi ng aéHr? hﬁ%%érlgda\)‘g%% S@g rré[?%a)%’u ng%n \?\ceo}rﬁgr& '? fPi'i(r()){l ﬁT o] %naﬁ]ggmﬁ?&go gXJ:@%%}Q%%
an oxi di he epoxy resin conposition for
senicond%%?%@ﬂ%%%%gﬁhﬁg?F%%ﬁ%é%%gding to claim1, wherein the epoxy
resin as the conmponent (A) is an epoxy resin having a biphenyl group,
represented by the followng formula (2): R12 R1I5R16 in which R11
to R18 which may be the sane or different from each other represent
hydrogen atom or a substituted or unsubstituted nonoval ent

hydr ocar bon group having from1 to 10 carbon atons, and n is an
integer of fromO to 3. 3. The epoxy resin conposition for
sem conduct or encapsul ati on according to claiml1l or 2, wherein the
conponent (D) is contained in an anount of fromO0.4 to 1.5% by wei ght
of the whole of the epoxy resin conposition. 4. The epoxy
resin conposition for sem conductor encapsul ati on according to any
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