- 1 - SPECI FI CATI ON EPDXY RESI N COVPCSI TI ON FOR ENCAPSULATI NG
SEM CONDUCTOR AND SEM CONDUCTOR DEVI CE 5 TECHNI CAL FI ELD The
present invention relates to an epoxy Tekih conposition for
encapsul ati ng a sem conductor, and a sem conduct or devi ce. RELATED
ART The ongoing mniaturization,.reduction in weight and progress 10
in performance of el ectronic equipments have been accel erating the
increase in level of integration of _sem conductor chips (hereinafter,
also referred to as "elenent" or "§RFSI§IQA?Q9§ |ncorporated Thi s has
been creating, in the field of semn conductor devices (herei naféﬁg
al so referred toP%Y RgéﬁwC%WH%EFQFOBaEQ%d@KE%§UB%Tm%%é%&& ONDU
i ncreasi ng demand for area surface mount sem conductor packages, as a
substitution for the packages AR TOMERPPERAR Gt ur e. The
area surface nount sem conductor package has been devel oped in view
of the fact that t he conventional surface nount packages, 20
typically exe fled g a quad fl at package (hereafter, referred to
as "CFng ahtCc AL &4 ¥Pne package (hereinafter, referred to as
"SOP"), can no | cope with the c rentl required hi.gh pin c unt
and hi gh operatfﬁﬁ9§6§§8 t %ﬂygﬂiﬁoﬁx%éiﬁg§§ b %ﬂ1 p8§%a? 8@
seniconductg packa 1 clude a hal | grld arr éhere n ftreré also
referred to'8§ © %F ALl 2 SHCerg cﬁﬁﬁkgﬁ fh%? *?? HSEOT 5 e
referred to Eﬁ%ﬂﬁfpn which is designed in an even snaller S|ze The
area surfact m conduct or package - 2 - has such a structure
that the seniconﬂrctor chi ps,are mounted q
ca
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sen conduct erelnafter so re erre to as “encapsul ating

t ial" t C 3! C 1 or
material” ot m@gpgd;@g&% Bodn cfaihey i ARPRRLIPos LlR; Alnddie

substrat e, as sol |s are aligned in a grid

pattern, fogedungd i 9&&\1&4&%@5% rQ@@fﬂad %'ﬁmgéﬁﬂc&md&%r%é%"
surface. Further, nemﬂy devel oped substrates on which the chips are

be nounisd bac+pgte<a@@ﬂ§ 2l as Usireabeng Usdhasi Fokeased raifackNmasit tion
to the foregoing organlc circuit 15 substrate. General ly the
area surf acgemubHdueeBLCpACKIH <Y, RBCkageQansian Ofer Aéepackages of
encapsul ation structure 1n which only one side of the substrate on
whi ch t he chbpserafieongpupt skt g-eencapsul ated by a resin conposition,

| eaving the other side provided with the solder balls 20 uncovered.

I n the case wherehd fe-®iataculsintaienisvaliuaiso Bpidadyd ianBedrsdeve loped
enpl oyed for nounting the chips thereon, an encapsul ating resin |ayer
may be rarely preavetlethd faat tithatcktles scolvestosesl glirfihcs arsmnanpddikages,
substrate surface provided with the solder balls. However, the
encapsul@t i hgpiaslilly éagngrliffdrenedy angtdxe f3at fakaget th&dfterchigferhas
a thickness of hundreds of mcrons to several mllinmeters, and hence
all the aretosas f'RER" hvunt ssehl corfduckeopaPecieadbs rabya preact refddnedbeo
regarded as having a one-side - 3 - encapsul ation structure.

Accor di ngl yas t 'HORN eacsuriaceongsuntore middndbet onr pridkageensiprdidgho
incur a warp imredi ately after the nol ding, because of unmatched

t her mal expRhsiconnsrancthéighl ortnataRagerdsst weByPtded okgam s 9ibbhe area
or netal substrate and 5 the cured resin conposition, or because of
an effect ofueiadengioshti sitigeneicthe pa,fskameceﬁpb@dmabrbam ghidcumey
during the nolding and curing process. Al so, the area surface nount
sem cordduct dhepridiageri salvor mafeyreshibperst &8GRB) a ayek 8- chird /AgzpecEsge

(hereinafter, also referred to as "CSP") which is designed in an

even smaller size. The area surface mount semiconductor package
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15 (c) nmounting a nother board. In the step (a), the package is
heated to the solder reflow tenperature to formthe sol der

el ectrodes. In the step (b), the package2is treated under a
tenperature of, for exanple, not |less than 100C to not nore than
150C, for several hours. Then in the step (c), simlar steps to those
of the step 20 (a) are performed. Generally, the area surface nount
sem conduct or package is warped i mredi ately after the encapsul ation
process, andalSesofies comuaveranthitt bee AaTfigeadvatar KasPHee mounted on
encapsul ated (hereinafter, also referred to as "encapsul at ed o
surface") orisededd a barderrapwardstyater trpbe tlenpelatdingd bipdabeueide
of a difference 25 in |linear expansion coefficient between the cured
encapsul at i fgipaies i zgsiandherelirafiar areferird d¢r pAg Bhrissiage/ 6PrPreie
encapsul ating material and so forth. Then through the steps (a) and
(b), the - Igil gaeragsubstyetor ae@nsosShde pbarfd@yible cdegriesapstrate,
concave éunder .a roontenperature) . This owes to the difference in .

| i near eRXpaiyrénatbefinalivdangpatRRderimide ey fdhedpernet ifedlnat B8yl
and the substrate, or to stress relaxation of the encapsulating .
material . 5SPRPER®RS, \ich thResaiacsgeni Yhikhdded chdps i os BrdaE SR eft -G
tenperature (nelting point of the solder) in the step (c), the o
package is PaL§eP§e bEie dFdMBEdHESdc ERGRRSUIRIEH Wirp T8 1pr GABPPHIt1on
cause a central portiqn of the package to Ijft, and to $rovok§ﬁsol der

bri dgi ng at TRTp@rFIRILRCLPG 1 iSERLCHIY HPT HBeEotHeteref 1 6if LEEFTHFI tO
et et g KERCR R SR €S e e Bt R oeaatL g RS e
connect A8n’ BBPRELER HnatahhE HHabRAGET | B CLECHFeVeh SE arF, SaHiPT
Cenper at ur 6 PEYLF 25 4agnety ¥ 1o FHH0or= St a At ARk T hor BEvT SIS
Where Che’ sBPAEH BRITE-HrE PRt EFReravEAUTFoTR o Skt nevlyaffpLoped
order to addrgss e Qaﬁggﬂlfeﬁegﬁﬁgg%be%% 4si %ﬁ&@%ﬁeblggu%ﬂam

S g %
beenmade to | nprove e encapsul a g resin. 0SS| e rene

i ncl ud 1 t | 4 I it] ; - : .
(ner oi nat t e CP G LAY 5P F0sAd A LO M nk CRREI Al Poragnic gieute
control hng ngtké,br%ar expansi on coefficient. Specifically, for

exanpl e 1n Patent cunent 1, it is proposed that by conbining a

triphenol met ha”eséb(@:?aﬂﬂ%l?{e Leeh s A 3 rhédr&hg%ié%ﬂéﬂértg}él%‘?qa%ébears

phenol resin, it is possible to increase the Tg of the cured résin
conposi tiong (ASISNE LeHEES.TNE RUEL RgBlVd RhagRi dUbhDg dde s@f@ledbggzhe

process of the resin conposition. Al so, In Patent Docunent 2,

i s proposedgshBat rdye BARIEBYhNhch st BrBayd it kovs BREIpMI13€REIKY & Adsin
is possible to increase the content of an inorganic filler, thereby
adj ust the LbRgasiexdansedhimPehé icthebtsidle pfodRRCHEIth€YNder balls
conposition at a tenperature not higher than the Tg thereof, 5 to the
| i near ggpanatovecaffirfiey caketiieesibskr atea) Rubkbgite Sueh ABtdhadad
has been proposed as enploying a resin containing a naphthal ene ring
structure tarbhheriebympriueetféhaochhttad texpaisisotheeehf, i i eatapseting
for exanple, Patent Docunments 3 to 6). Although the foregoing

remedi es aclesve Ierdramayi hproverignprotdsd idd at heicknzsey effeatotrss rdt
satisfactory with respect to a package with a thin substrate or

smal | - di anetnécrems dar thal $\systandebest tes pheviddatiihithe eblthe balls.

resin, such as flowability, is to be inproved. Pat ent Docunent
1. Japanese Hawelreaapehh®uhchpanlaoningyoreéiin 14¥04EolbPdteenthOscuent with
2: Japanese Lai d-open Publication No.H11-1541 Pat ent Docunent 3:

Japanesg5 Laitte opeipPhlalsi eathirkées HEShI2I6GRE of midairenttoDeeuewnt 4:
miilimeters, and hence all the area surface mount semiconductor

packages may practically be regarded as having a one-side



resin conposition for encapsul ating a sem conductor havi ng high
flowability and | ow stress generation property so as to reduce, - 6
- especially in a manufacturing process 8f-an area surface nount

sem conduct or device, fluctuation in warp under roomtenperature
after each of the steps fromresin encapsul ation to surface nounti ng,
and to reduce warp under high tenperature during the surface nounting
5 process, as well as a sem conductor device using such resin

conposi ti on encapsul ooy ditmgcteronefenbodiingdnt bhe tdwed PUSABES AHoUNt
there is provided an epoxy resin conposition for encapsulating a

sem conduct @endeapduciary rankepdXys peghe foALNCuDwhersPnintrdigsexy after
resin (A including: a crystalline epoxy resin (al) having
a nelting pdihet meidiul, bessushamt 300atehadtthfsmalt REPANSIO Crahhepwdy
resin (a2) represented by fornula (1), and at | east one epoxy resin
(a3) sel ect shripbagarbadpery the raxianice prlesierited ofymeor mAvRstzptamnd

an epoxy resin represented by a formula (3), wherei n the epoxy
resin (ab) itdedrifed artsify eppPoRl ey oF eRe¢rYsE2Pfant eHeEpekycredin
(al3); wherein the conposition has a spiral flow of 80 cm

or nore 20 mBgsnkege aéchralragin COFMM1igevhtthegeurs duripgdhe molding
conposition in the cured state has a glass transition tenperature of
150C or hi gR&F; CaRENg Proceghe @dﬁﬁ@sF@? O S2n SHRE2 6% Mgt EBLFRiugtor
| i near expansion coefficient of not less than 5 ppmiC to not nmore
than 10 ppmP&Ckage gts ROrBabLY ABIEched 11 GhePSH 1T IPHePEPeRsSS after the
transition tenperature of the conposition: - 7 - (R%é,
wher ei n, i nfG-ALNG (MLIRE ¥hHER HitayBEPHE A RSO MIFFERRG RECaVERr 8Eetlte a
hydr ocar bon grou ,having_l to 4 carbon atons; R2's, which y belfane
of i 116Pent PRI REent N4 FYAd bR BGTERY XABSRYGh CATLOh TheokEFRedes
having 1 to 4 carbon atons; and n is an integer of 0 to 6;

by the carrying apparatus.

After encapsulating process, the manufacturing process of
the area surface mount semiconductor package may include the steps
of, in this order, (a) providing a solder ball, (b) drying, and

15 (c) mounting a mother board. In the step (a), the package is heated
to the sclder reflow temperature to form the solder electrodes.
In the step (b), the package is treated under a temperature cf,
for example, not less than 100°C to not more than 150°C, for several
hours. Then in the step (c), similar steps to those of the step

20 (a) are perfeormed. Generally, the area surface mount semiconducter
package is warped immediately after the encapsulation process,
and becomes concave with the surface that has been encapsulated
{(hereinafter, also referred to as "encapsulated surface") oriented
to face upward {(under room temperature), because of a difference

25 in linear expansion coefficient between the cured encapsulating

material and the substrate, the curingshrinkage of the encapsulating

material and so forth. Then through the steps {a) and (b), the



(RL)," wherein, in formula (2), RLl'5, which may be sane or
different, represent a hydrocarbon group having 1 to 4 carbon atons;
R2's, 10 which nmay be the sane of differént, represent a hydrogen
atom or a hydrocarbon group having 1 to 4 carbon atons; mis an
integer of 0 toe 5; and nis an integer of 0 to 6; (R1) (3) (R1),
wherein, in formula (3) , RL' s, which may be the sane or different,
- 8 - which may be the sane or different, represent a hydrogen atom
or a hydr ocagrdwkaggr bugeliavined) st 49 té cedbonaadegise ahdhe ¢enegayve (under
integer of 0 to 5. According to one enbodi nent, the crystalline epoxy
resin (al) S reomtenmpesitusae. s&hdsowdsftiodme die iprenge dodsnser sgpransion
bi phenyl type epoxy resin, a bisphenol type epoxy resin, a stilbene
type epoxy rasifficaenlt hyaimerpbtne enwredy gacepoxlatries natenikla and the
napht hal ene type epoxy resin. According to one enbodi ment, the epoxy
resin (al) issibstirahel®raponttress reiEXREsontdfafhe (RNAastda hing marerial.
than 95 wt % based on the total anpbunt of the epoxy resin (al), the
epoxy resin Fazpheandhemehepasiageeld ergaed)d to the Swaﬁﬂltﬂfrigwtt@mﬁﬁéature
enbodi ment, the epoxy resin (al) is in an anmount of not |ess than 60
W% to not nimedtihamodst\afophe pelagyoxin tBe sdspn(Qayheg Bagknagninharerly
of not less than 2.5 wt%to not nore than 20 wt% and the epoxy resin
(a3) is in &¢NENBOALPYFONESt CPBYSX + hEHCR. Wkt Y6t §TABE M@ UFRan Fontral
w % based on the total anount of the epoxy resin (al), the epoxy
resin (a2), RAGiPReCt IS PRESREE (e8I I0ARRS R erfOtV8k6n%°Jé4ﬁ§o rAeaing
t he epoxy resin conposition conprises a phenol resin curing agent

(B). AGEo aﬁﬁgplmadr@o%am%ﬁm thRes ARy 4 tEBRToklig poRtace
conprises an inorganic filler Accordi ng to one

embodi méAt , Wé‘téb6>&?7°t‘3§§?n é‘"@ﬁﬁ@sﬁfﬁ“@ﬁ‘e% %Qﬁ%i%%%sfawﬁﬁ? |1H'§leme“t1”g
accel erator %) Accordin to one enbodi nent, the epoxy resin
composi tion Salg‘f‘ﬁ Ralle &% Bhe Tdhem Bratir & amEsdartt ea(?@BPGFFnbOI?'o
EM-1-66 - 9 - net ordi ng to anat her enbodi nent, there
s provided % %%‘?ﬁ%’&ﬁa‘iﬂ%%?%lé@?&é ShPPSs iy ﬁ*@séﬂﬁ%aa@e%ﬁ% st

encapsul ated w ttth 9?1 tgf)ox%/ i,n conp Si tvlr 0 g g st 'r o
Aot her onb SR SR T SO dRE L SISOkt PadT AEdiRss e Ly
encapsul at i n%ngn a(r:eavsur ace ondit slem ondu Soeru e ce wh X Chlee
area surfac& nbintCsem COREGEEY |8@ APt T Ses & r’f&ugf%r Y
chip moyated qp substantial | vooneqslde. of 1as 051 L5 evespemny in
encapsulati ng™wi e COprOSI |0n
the case where the substrate is relatively thin or where the solder
balls are relatively small in diameter.
In order to address the foregoing drawback, various attempts
havebeenmade to improve the encapsulatingresin. Possibleremedies
20 include (1) controlling the glass transition temperature
(hereinafter, referred to as "Tg")} of the cured material, and (2)
controlling the linear expansicn coefficient. Specifically, for
example in Patent Document 1, it is preoposed that by combining
a triphenolmethane type epoxy resin and a triphenolmethane type
25 phenol resin, it is possible to increase the Tg of the cured resin

composition, thereby reduce the curing shrinkage during the molding

process of the resin composition. Alsc, in Patent Document 2,



10 encapsul ati ng a sem conduct or. According to still another
enbodi nent, there is provided An area surface nount sem conduct or
device, conprising a sem conductor chip mounted on one side of a
substrate; wherein the sem conductor chip on one side of the
substrate is encapsulated with the epoxy 15 resin conposition for
encapsul ating an area surface nmount sem conductor device. BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows a cross-sectional

vi ew of a sehs googosedrthidy byeeldviang &nodaidebaninepoxymedsiviscosity,
conposition according to the present invention; Fig. 2 shows a
cross-secti ohalivipessbbla wenincordaet bre donient off emeisptganic filler,
encapsul ation structure that includes the epoxy resin conposition
accor di ng t othdmelpyr eddnst itheedtinoar emhr@3phgrodtiisiant hrkeoft dingonened
di agram show ng an anmount of a conponent (al), a component (a2) and a
conponent ( aBysimcampaidxiypnr &siant €ppetaruEr amdl bsgkad toangdeat s wdereot,
Exanples. - 10 - BEST MODE FOR CARRYI NG OUT THE INVENTION It is

provi ded %an epohe Aésear composithopodiicdotpsliltHdte wybatsebs cofduicher,
conprising an epoxy resin (A), wherein the epoxy 5 resin (A

i ncludi ng; aswatyseahbineaepeep pecpesqdlads RERIPKING ARekesby gUitalnghg a
not |less than 50C to not nore than 150C, an epoxy resin (a2)

repr esent ed MAPMEIRGENE | iNOIFt rugidirgt Lo dhsrebynacsporytirediineay ggpansion
sel ected froman epoxy resin represented by a fornul a (2% and an
epoxy resin ¢Efifdsaanbd($8e a frar pudErks) Patenhdisiunenke &pexybiresin
(al) is different fromthe epoxy resin (a2) and the epoxy resin (a3);
wherei n the conmpddithpeah His gageaorlgg FOSRLIEF FHIENE STELYErEE HPASUrBent,

according to EMM - 1- 66 net hod; . . the composition in the
cured stld e Haisllathft ABBTEYRIY FDRCETAtdFHaraet 8Bk IESPECH oM FREKATS
and the conposition in the cured state has a |inear expansion

coef fici ent ®fthhattiHids subRFrS ppnieltls dasPetir ot SR PR 1gpnints Pgsides
tenperature not hjgher than the glass transition tenperature of the
conmposi ti on.tq%?c%‘g]rcgﬁ%lttéi ¥ ts‘i“?]'{/%‘?ltfﬁ?)‘ﬁ?bliltltéfarﬂ%t’:)o pg improved.

obtained a resin _conposition having high flowabilit d | ow stress
generation properPNgRFh%%C‘F‘?&&cgd E?Qﬁ%fﬁ F’S\E{I\QT?'P%IX’/P&%E&E%PGW during
t he manuf act rgﬁg_ﬁr%%&s. Hereafter, each of the conponents wll be
described it adtdi 77 % cor di ng to the present invention, it is

preferabie that 25.Lhe ERONNALSplALd el ydss pGruSLAl LG ROXYs s,

resin ( havi ng “a nelting poin no €ss ton

LQ?BM}SSgE an ep%é¥eﬁ§5$554ﬁg%k %?pﬁéﬁﬁﬁgééjLQXdiéEJH“ﬁEbQ%Ea@fméQQM“
H08-127636
Patent Dbocument 4: Japanese Laid-open Publication No.
2001-233936
20 Patent Document 5: Japanese Laid-open Publication
No.H04-217675
Patent Document 6: Japanese Laid-open Publication
No.H06-239970
DISCLOSURE OF THE INVENTION
25 It is an object of the present invention to provide an epoxy

resin composition for encapsulating a semiconductor having high

flowability and low stress generation property so as to reduce,



at | east one epoxy resin (a3) selected froman epoxy resin represented
by formula (2) as shown bel ow and an epoxy resin represented by
formula (3) as shown bel ow, provided thaté the conponent (al) is
different fromthe conponent (a2) and the conponent (a3). Although 5

t he amount of the conponent (al), the conmponent (a2), andthe

conponent (a3) is not specifically limted, it is preferable that the
conponent (al) is in an anobunt of not |less than 60 wt%to not nore

t han 95 wt %esgreieddponent nea)facsurinapramesnt obfamerekessr fdran Mubt
w%to not nore than 20 wt % and the conponent (a3) is in an anount

10 of not | essnitdeadu2t6r wiedice, nblugtmed ithain 30wt Yhddragednorentegature
total amount of the conponent (al), the conponent (a2), and the
conponent (a8jterBsaaistnght béepachonorpbnentspsnldthendsuniagettvunting,
f oregoi ng range, the obtained resin conposition may have a high

fl owabil ity aiité sedete wssp geder ht gloheppeapaiung dutiagaihe suringeimpunsing
be possible to reduce, especially in the manufacturing process of the
area sur faacecranests, sesi eohldust or saeiiaaludtbycteai fonmsingnarph ureddn
roomtenperature after each of the steps fromthe resin encapsul ating
to the surfaeapesdantng, and to reduce warp under the high
tenperature during the surface nounting process. 20 Although in
Japanese Lai d- opégcPubling apicne aupotinenrl3o9 the invengignsshesedsiyavided
t he conponent (al) and the conmponent (a3) are used in conbination,

i ncreasi ng tde sP@RYVoresin monpespbhentiqralepcansoiateing @ spnigenductor
sufficient flowability |leads to reduced Tg of the cured resin
conposi ti on BEPIISENE 2R IRRPXYasesine(Aonponent 25(a2) is absent, thus.
failing to attain sufficiently | ow stress generation property, in
parti cull, suffi“eERinr BRRIGHSY FASHE UAuadbrdnde?dthe warp. On the

ot her hand, increasing the ration - 12 - of the conponent (a3) in,
order to attain |ower 3sEFes dier 8PPon j5sdperdtly) havipgr gimedtdng point
favorabl e reduction in fluctuation of the warp | eads to degraded

f1 owabil ity 9 "Pheleftad@n 20 hgtprifederet hBreblPdhovoki ng defects
such as short nold and gold \/\n're,sweeg).l SSiniIarIé%a?I hough in

Japanese Lai d-open PuBli E2¥6F RGNHAZ DN ASBFESPPLE rgedd that e
conponent (a2) and the_,c onent (a3) are .used._in conhination, the
absence of the ponppn@ﬁtE%%%S T PRPSY cHge ™ éa&i ??QQﬁﬁﬁaa%ﬁam an epoxy
the. ar e surTads ABLRTST0 et cORLTLFDr athagt: T -nFEhLt Rgbeesdnced
majority of th% 9aps, io ﬁg encapsul ated are very narrow. Al so,

conpar ed mﬁﬁﬁ’the case that” a bi phenyl type epoxy resin, a bisphenol
type epoxy resin | l.ben e _epo resin,.or i r.oxybenzene
Lybe epoxy resi n"RAFER" ORI e TB° YL &8 e sl R R YPGB0
tenperature j_S, U e o] t. (al) along with the conponent
(a2) and theh%%ngggé%%3%§§§g,rggg@ osi‘tion conprising only the
conponents (a2) ) essivel Qggg el I Gkt i.g

t enper at ur e, mhi%ﬁgréggng%%Pﬁg?gggé &%%pxun er:%ﬁgﬁhigﬁ q%%%b?%tﬂ?ga

during the §g%gaggdrg%gggdygﬁpggfgﬁﬁﬁ_fa%QSﬁgyﬁ Jy, the sem conduct or

device incurs 20 a warp whe ﬁing t sol dering on a circuit
substrate on whi gRet BEmSEMGRAdUST Ofe deMIEC st St UMY @01 RSE e¥ansition

i npedi ng a nunber of solder balls frombeing formed on~a flat plane

such that tRhempekdeirdald asoscl bf tiedhHeromtge circuit substrate on
whi ch the sem conductor device is nounted, and thus degrading the
reliability 25 ianhel eshigdHali chONAeERd Qhred statd MaLChY$EALLF NS RRAX YN
resin (al) having a nelting point of not |ess than 50C to not nore

than 150C ugedrincidier gSapt 1d34ethi® ppmASc tLABE Mdid efak A0 ppm/°C,
increasing the flowability of the encapsulating resin. It is

preferabbe thai ddipezBPuné fc hhen&£OTRAASHe GRhds ItS-anet tE 85 L mPaRabPre

of the composition:



25 the bi phenyl type epoxy resin and the bi sphenol type epoxy resin
are preferable fromthe viewpoint of flowability. Exanples of the
bi phenyl type epoxy resin include a glycizdyl - 14 - ether conpound
of 4, 4" -di hydroxybi phenyl ,

4, 4' -di hydroxy-3,3",5,5 -tetranet hyl bi phenyl,

4, 4" -di hydroxy-3,3" -ditertiarybutyl-6, 6'-di net hyl bi phenyl,

2,2'-di hydroxy-3,3" -ditertiarybutyl-6, 6'-di net hyl bi phenyl, 5

4, 4" -di hydroxy-3, 3'-diteatiarybutyl-5, 5'-dinethyl biphenyl,

4, 4' -di hydroxy-3,3',5,5" -t rtiary butyl bi phenyl (including an
i somer thereof with a diff sukstmtution position). In
particul ar, 4,4'-bis(2,3-epoxylpr8poXyy-3,3',5,5' -tetranethyl bi phenyl

is 10 preferable, fromthe V&oint of flowaBPlity. Exanpl es of
[ 45] kg ngl ude a gl ycidyl ether compound of

),
,4'-nethylenebis(2,3,6-trinethylgh%nol), 15
, 4" -et hyl i denebi s(2, 6-di net hyl phenol ),
, 4" - (1- net hyl et WHeirdénge} bifsfiRaret hyl h'enothichmaybe the same ordifferent,
,4' - (1-net hyl et hyl i dene) bi s( 2, 6-di net hyl phenol ),
, 4" - (1- met hyedetdsphic dene)drics2b 64 - gmeddpy hevhpg ) phendl arbon atoms; R2's,
4' - bi s(2, 3-hydroxypropyl oxy)-2,2'-dinmethyl-5,5 -ditertiarybu 20
| di phenyl seitfdhdeaydbe’ satienypdr dk§tk mngny rspk¢oard;, aahgdrogen atom or a
s[ 4- (hydr oxyet hoxy) phenyl | sul fone. In particular,
2, 2" - bi s[%- (IyB-cepokypraperybireing Aptopagerapn atoms; and n is an integer
bi s[ 4- (2, 3- epoxypropoxyphenyl)] net hane are preferable, fromthe
vi ewpoi nt ofoff Ilbwabkkity (low viscosity). 25Exanples of the stilbene
type epoxy resin include a glycidyl ether conpound of
3-tertiarybutyl-2,4'-di hywlyoxy-3',5",6-trinethylstil bene, - 15 -

3-tertiarybutyl-4,4'-di hy ', 5 ,6-trinmethylstil bene,
3-tertiarybutyl-4,4'-di hy ',5\5ﬂ-trinethylstilbene,
yl
1

< -

A DIMD

4, 4' -di hydroxy-3, 3", 5,5 -tetranmethyl S| bene,
4,4'-dihydroxy-3,3'-diaertidﬁvﬁﬁ%y -6,6'odinetH??stilbene, 5
,2'-dihydroxy-3,3'-di£ETLL %.,6<di net hyl sti | bene,

, 4" -di hydroxy-3,3"'-ditertia -6, 6" -di net hyl stil bene,

, 2' -di hydroxy-3,3"',5,5" -tetranet i stil bene,

, 4" -di hydroxy-3, 3" -ditertiarybutyl-5,5" -di nmethyl stil bene

i ncl udi ngani soner t her eof wi hadiffereg%fpbstit tiongfsition

OBxanpl o of -+ hE arRYGr oy IRTFAAe Ay pb SyoRyL ¢ LERR Ao TG E g £ ferent,

3 i (1 ort I HREGENT) hyUPGGEF RBE 208 ALt yi hfuPodaFREREtomS: R2'S,
2. 5- i odtyl U Galithate "3, S A3ngH UGt AGHES oy 21 Bydzocen aton or
2, 5-di decyl hydr oqui_nane. Exanpl.es of the naphthal ene, type.epox
CHINCG R ik R g R LUt
?;Srgr?a;?ereo . 20Accordingto the ﬁ%esent i Averition, the epoxy

2
2
2
4
(
1

R2-C-R2 ey

Ri),

wherein, informula (3), Rl1's, whichmaybe the sameordifferent,

15 represent a hydrocarbon group having 1 to 4 carbon atoms; R2's,



represented by fornula (1) as shown below is essential conponent for
attaining both of the flowability of the encapsulating resin and the

| ow stress generation property, especiatl8 the warp characteristic of
the area surface nount sem conductor package. 25It is preferable that

t he amount of the conponent (a2) is not less than 2.5 wt%to not nore
than 20 wt % based on the total anmount of the conponent (al), the
conponent (a2), and the conponent (a3). - 16 - Setting the ratio of

t he conponenwhiel2)maynbehehd seagobngitdegentl | xrpregeht evihygrageopttiambpr
bal ance between the flowability of the encapsulating resin and the

| ow stress gensidroicenbpn gFerpyhavdsgetitgl 4 warhenvaiopse hrchibtier ptinteger
the area surface nount 5 sem conductor package. The epoxy resin (a2)
represented By ®dramf.a (1) has high crystallizing property, and
therefore excess anmount of the conponent (a2) fromthe foregoing,
range | eads to dedgetsdngotupng ieppadinen hehasavatalinmgepercsssin (al)
ofthe resinconposition, thus resulting in failure in uniformy
preparing?t hésrasilgash evprppediecton.from the)grappecenpl sting of nl L pbepyl
R's, which nay be the same or different, represent a hydrocarbon
group havi ngtiPe CRP*YarBéhnatdidspRonal tificcRPARY HRSigand sfilbene type
different, represent a hydrogen atomor a 15 hydrocarbon group having
1 to 4 car boRP@¥DEBSIANG HIYEranyPenzager L jte BPedY 6e51nc bR & PrRPhid 2l REe
present invention, at |east one epoxy resin (a3) selected fromthe
epoxy resin F¥PR S¥WYedSByformul a (2) and the epoxy resin

represented by fornula (3), contributes to increasing 20 the |ow .
stress gener ati orPHiGPEFBY O 1S EBYOHTRRRG nGPENBPPFYICIEFADN dRL) nSadPpan
of the area surface nmount_sem conductor package. It is preferable

that the!AnofReuf Ah8°Eohpth “(gé)”?%tﬁbpo e@%r?rEQ?HZQS V&@éﬁﬁfeﬁoPn
nore than 20 _w % based on the total amount of the - 17 - conponent
(215, the comboratel a35unt i (Re - BRTDOHER.A( 4]+ S FREY N 160t

t he conponent i nthe foregoi range al |l owspreparing an epoxy
resin conpos??é§%%h§99ﬁ§ 15 N@ﬁ?ry | ow stress generation property.

for ool no range CHMTRIRCE” 1 FUPRRLIA  ROogPaED) ¢l 1D 2o in an
temperature gf he cured g8l b, gomRosLL ion, L hereby obtal wigo @ d esiy,
conmposition W r éduced uc Uar{l on 'h Warp under Toom'enpéra UI’B

after caph ofcifie Sbeps!1omit hEoes! f SnGARSULALIgN A48 LbE SHTACKo e

nmounting 1n e manufacturing process of thé a ace nou

sem conduct of, devinCey 5 and, 4 @Hé’%g%gga%’sﬂ{‘%%)t@ i 9 LBTRETBEWR 1less

during the surface nounting pro
than 2.5 wt% to not more than 20 wt%, based on the total amcunt

of the epoxy resin (al), the epoxy resin (a2), and the epoxy resin
{(a3}.
20 According to one embodiment, the epoxy resin composition
comprises a phencl resin curing agent (B).
According to one embodiment, the epoxy resin composition
comprises an inorganic filler (C}.
According to one embodiment, the epoxy resin composition
25 comprises a curing accelerator (D).
According to one embodiment, the epoxy resin composition has

a spiral flow of 120 cm or more measured according to EMMI-1-66



wo), , (RL wherein R's, which nay be the sane or different,
represent a hydrocarbon group having 1 to 4 carbon atons; R2's, which
may be 15 the sanme or different, represerd -a hydrogen atomor a

hydr ocarbon group having 1 to 4 carbon atons; mis an integer of 0 to
5; and nis an integer of 0 to 6. (F1)", *Cl - 18 - hydrocarbon

group having 1 to 4 carbon atons; R2's, which may be the sanme or
different, represent a hydrogen atom or a hydrocarbon group having 1
to 4 carbon attimei. and mis an integer of 0 to 5. Additionally, the
epoxy resin represented by fornula (1), 5 the epoxy resin represented
by formula (2), amckdrugngposyanadier espodserttedthyré oksmpravi8edmay be
obt ai ned, for exanple, by reacting p-naphthol,

2, 7- di hydr oxyempdvrtalcéne, dearid ef conpadide hy de semibermndung oprdsignercagfsud ated
basic catalyst or an acid catalyst, for 0.5 to 30 hours under a

t enper at ur e witl3(theo epOOC, redich swhpesitign.t he obtai ned 10 product to
glycidyletherification. The ratio of the epoxy resin represented by
formula (4), the kpoxygingsien stéplesnritted byod¢dimanta {R2¢re amdprdreided an
epoxy resin represented by formula (3) can be adjusted by varying the
nol e rati on epoxhecinapbtpwditamd fhe encardivhytioXyarapirtehabengce mount
15According to the present invention, any other epoxy resin naybe

addi ti onal | ysenptoyegtoasidving, aderkén ddwarnspgsu ofacenmb wyi agmidanductor
conponent (al), the conmponent (a2), and the conmponent (a3) in

conbi nati on deneinsomndlbes e se@ignpfiestof chilp Bpoxied B AUbHANtRay 1y
be added include, but are not limted to, a novolac type 20 epoxy
resin, a phepot @xidekgt a ypesiombey by exiqapsalbhgn wikbnite gempes sty Eor
a phenol aral kyl type epoxy resin having a biphenylene structure, a
napht hol 1@ ypenegreilatésgn wnigendrgEehe type epoxy resin, an

al kyl -nodi fied triphenol net hane type epoxy resin, a triazine .
nuclear-containirﬁfQﬂﬁgk?gr%ﬁﬁsﬁ}léﬂﬂ“ﬁjgg'embOdlmentr there is provided An
di cycl opent adi ene- nodi fi edphenol t ypeepoxyr esi n. Wenenpl oyi ng any of

t hese epoxy PERY RYrigqe MQuryy reicomcact Aafel hee afeiri L HiRgrestricerggetor
wt % or | ess based on the total ,anmount of all the epoxy resins, - 19 -

used, becaus8MtR REFIFSR OPHNS/P4EBQT § BistRateombsSFLD dipcpedbifegductor
hi gher during fhe encapsu] atin rocess, thereby degrading.the
{1 Swabi |1y, Crtb RS VT 6 e D SUERE TR E | b L EYS S Tra b1 Wity ROy

of 5 the resin pogposition fg{ encapsul ati.ng a sem condyct or, is
9 o FEch

t
preferabt® thatit KEBESKY Fedidr FECARS e " Hs3PodEihIH: FB%W%}rﬂtc

impurity, such asng% %on %r Cl_ion, and fronthe vi ewpoi nt of
curability, TYPHEFRT abte That the epoxy resin has an epoxy
equi val ent of 100 to 500 g/eq.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a cross-sectional view of a semiconductor device
20 that includes an epoxy resin composition according to the present
invention;

Fig. 2 shows a cross-sectional view of a semiconductor device
of one-side encapsulation structure that includes the epoxy resin
composition according to the present invention; and

25 Fig. 3 is a three~component diagram showing an amount of a
component (al), a component (a2) and a component (a3) in an epoxy

resin (A) in Examples and Comparative Examples.



10The phenol resin curing agent (B) used in the present invention nmay
be those conventionally used for the encapsul ating material. Exanples
of such agent include a phenol novol ac-rgsin, a cresol novol ac resin,
a di cycl opent adi ene-nodi fi ed phenol resin, a terpene-nodified phenol
resin, a phenol aralkyl resin having a 15 phenyl ene structure, a
phenol aral kyl resin having a bi phenyl ene structure, a

sul phor at om cont ai ni ngphenol resin, anaphthol novolac resin, a
napht hol aral kyl resin having a phenyl ene structure, and a
napht hol aral kyl resin having a bi phenyl ene structure, which may be
enpl oyed al oBESTONMODE EORUCARRYIIOA OFT (THE GNVANMTIEON her eof . 20
Preferably, the ratio of the total anpbunt of the epoxy resins

enpl oyed and t he Ttotial paowolet @i epleypheniol coBse s Ciwni Agr ageraps ulif oty
are used in the present invention is adjusted such that the ratio of

t he nunber od sspdxynduoups cobPyisingbh ¢dmxyeperynr @9i,ngheépeirhéhnuedmsry
of phenolic hydroxyl group (OH) of all the phenol 25 resin curing
agent s (BP/ Grdsiirs (A)ninbbudiaggea beyswedd inetedogysresian(all)6ha o ngot mabirieng
than 1.5, and nore preferably between not less than 0.8 to not nore
than 1.3. Sepdimgof heteyjesvyahent 5¢°4 ko rag mor@@ hanabdd€ ,abh @pexy resin
preventing degradation in curability of the epoxy resin conposition.
Al so, settintpaheepyasentashtoyr at forms aalidve 2d aks lprevedntd pgoxy resin
degradation in glass transition tenperature or noisture resistance of
the cured epmd) mesentednposi ehodpoBEXEsphescrfescndednby garficgmbily| &4)
(C that may be used in the present invention include fused silica,
spherical sidnd¢an €pysy atdsime reprézented by aafomiuliacdA) nitri de, and
alum numnitride, which are conventionally enployed for the
encapsulld i ng nateirain the ¢pexyredsimabi B thgti ffgeeut fwendheofpayeresin
inorganic filler (C) 10 is not less than 0.01 pmto not nore than
150pm from fave @pawpls mrwe® £ReiM|(43)ng property. Preferably, the
content of the inorganic filler (O is not |less than 80 wt%to not
nore than 92 wt %vheR8iRvkRe soEPepablgn HeF Pe3RitHat18Y A R% 6MnBF more
nore than 90 wt % based on the total ampunt of the epoxy resin
conposi ti on.MeSEUFRHYREFRFUANIRi HYI T Hti°8 BRI i norganic filler (C
as above allows reducing the warp of the cured epoxy resin o
conposi tion, and FEJGET ‘QSJttH\?“wégthea%&eﬁt Fowte ,Qas%? gi‘ﬁ? g epfation
m xing ratio of the inor ig filler (C as, ,above allows attaining
excel | eﬂ't% soﬁWrFEEF&%‘ﬂgg’owct ﬂﬁﬁlqhéaﬁc??%n in strength. Setting
the mxing ratio_of the 20 inorganic filler (C as aboye further |

al l ows attaining"® cE?T%?ﬁltr}&nngi the f”\ﬁeghﬁg?%edgbarsaaaif%%aﬁ [Frpansion

fl bility. The, ' I t whi in t
present | v EAD DO ARG AACal DL of PEHATC S0c B Ercias B L0y <
ti bet t h f [ d. th h | i
hydr oxyl 25 2 BUE B e BHEo N PaLT Al TR Agent roC e b de CEHgeeatire
conventi onally Haedof0l. {e encansul,abl ng, TRCLLAL . OamRles o Suel,

accel erator i'ncl'ude ne “conpounds SUgh as rrpﬁufy! arfi ne and

L, 8 di a2l GOl Qe aindd o et QpdldeaanR: /in P HIBR £18005ANR)- Dag AL
conpounds such as tri phenyel pﬁosp i ne an

t et h I ' i

such a5 2 met Ry T daza &) e Sare e At REC e PR e

resin conposifiiag £RE ehaaRsubaiidg,..8881 conductor according to the
present invention may optionally tonprise, in addition to the

foregoing materi @k$ea¥adt USRI ELE ¥BRpOAEA U MO Be BLAARI B&E A doPdi1s.
such as brom nated epoxy resin, antinony trioxide,

al um nunmhydr oxi dg-EBgAES: WhyaEOXIdei RabeRal & ziircyel %Péii?ér%bléotﬂt
phosphazene; a natural wax such as Carnauba wax, a synthetic wax such
as pol yetshyligpe.Mewy rashh gh8ridatidesasicdyaben A% 882 iresah! (19 nAtig

a melting point of not less than 50°C to not more than 150°C, an

epoxy resin (a2) represented by formula (1) as shown below, and



15 vinyl silane, a coupling agent such as titanate coupling agent,

al um num coupl i ng agent, al um nuni zi rconi um coupl i ng agent; a

col oring agent such as carbonbl ackor bengallia- a | ow stress conponent
such as but adi ene rubber, acrylonitrile nodified butadi ene rubber,
silicone oil, or silicone rubber; and an inorganic ion exchanger 20
for reducing ionic inpurity. The epoxy resin conposition for
encapsul ating a sem conductor according to the present invention nmay
be prepared by lristamelgpoxiyxiersd nt (28 ) cerpohed f sori Ap epoxy Des andeptéranted
additives under nornmal tenperature with a mxer or the like, nelting
and m xi ng thy feswmhilaed?25am shewre bploa aedtamegprsy| resirk nepdesentredcamy
extruder, cooling and crushing the resultant, and optionally

adj usti ng t héormdispé&d)siagn sbowi | adaivi, | pryvided thet| the compopgnt (al) is
It is preferable that the epoxy resin conposition for encapsulating a
sem conduct odi&feopenli figom ¢hehmrpoesaht{akheent frencemmorendpladl. fAbwaigh
80 cmor nore neasured according to EMM -1-66. Setting the spiral

fl ow i n sbtichthemgeuat béike prepemtithiplengitgamopobent (def eandtheictmpmnent
short nmold and gol dwire sweep, in the encapsul ati on process of the
sem conduct orlapadisagdsspatidénet &y Linvbred piietepabfyraklivet giokdye cempanent
conposition for encapsul ating a sem conductor according to the

present inverdglonihdn ansppeunt flfoncbflesz0 than nehsititeto avdorgicagthan 95
EMM - 1-66. Setting the spiral flowin such 10 range all ows preventing
emer gence of W&t ethe opmehnart stadt iAol aandmgertd ofi pet sheesp theden- 3 Wt
t he encapsul ati on process of the area surface nount sem conductor
package i n whPchot Heonfajtbant 90 oft4/hangaphe trpenentapsill dednaie apspt
narrow. Al so, the epoxy resin conmposition for encapsulagin% a

sem condi@t OPfaEEBrEEFSng thant hed 14 HprtesBat THFeARBNZY W ithe Pagraden the
state should have a glass transition tenperature of 150C or hi gher

and a | i near tB%PANITIOLe 6EF PR | GHPOSE R of 2} les Shenapmeonsmt ¢agy, ngtd the
nore than 10 ppni C at a_tenperature not higher than the gl ass e
transition t ERPBPAERT d2dt - t F¥ LT TRH SR r GZIHONESRP O] Fg%r?.mou“t within

Enpl oyi ng the three types of epoxy resins (al), 20(a2), and (a3) in,
conbi nat i on, TSEEEPHP t‘%@gﬁr a"s%eIO t PFPoﬁestlé’nﬁé?F‘BP%’r of “‘FHe‘g%YJ‘% & high

resin conpositio t. 150C.or higher, and setting the |inear ansi o
Coof (i G ont GroPRRt HiYaanaol sEopns S ieaR AP HOBRBEY hi LT SRy Lt would
hi gher than the gl a transition tenperature thereof in the.range of
not T essl e naheep e HonEeauel WREREL AL, G el Rt N s
excellent lo re eneration propert and. .t hereby reduyci . .
especi al 1y | REt HAS HERTT 40F L1 T hg" BPGe S8 67T HE Oar da" i dddChgtiton in
seni conduct o Vi.C fluc i - - Ln r r ro .
S emmaratur o NPEE Ry TP HA Slkure Shcer RACHUP HELUHERE 0n she zssin
t he rface i .and e i te r.at ri

Srt soe. mounbTagperse 300k AR 0 ShodNgl STRE! & HePLaUl bl Whier
characteristj . i L.t r.di -1 at

80 cm or norgﬁéglféﬁl?ﬁts%gﬁiéﬂgb %‘gg{q}gghs#??osﬁ&?gﬁ%eﬁg%%ﬁe (0] ?%ggg'ur_ed
resin composi ti o AlnolRfiCi Ao IAREE 1. AR oBeh [hL e bh EAI62PIFH OB
coefficient of the cured resin conposition at a tenperature not

hi gher than §heqplassclr aRst RN JREBREAL VA )t BRACAle | brBRhBNES )0k re
not less than 10 5 ppmC to 10 not nore than ppm DC i ncl ude adj usting

the mxing raté@ of éoﬁ%iﬁ@f@&ﬂ,eritnc(r@la}sliné ha\CoaPoneRt tiR2):omBdskdthqal)

conponent (a3), which are the essential conmponents, and the m xing

rati o of theihnor@anice bihddier sGEFicintt Beolhker ity MTBEAOG S Qeduced Tg of
manuf act uri ng a sem conduct or device by 15 encapsulating a

sen conduct ognhghdwprad trBst Rec&iuah thesi Pe€AMROSH £RNs Haddhenpr 8sftinent
invention may includes, for exanple, placing a lead frame or a
circuit substaaf e NDrlapsbt! i QLT MERR tHUTATHCOREELLIUNtIR Pod Sstress

generation property, in particular, sufficient reduction in

fluctuation of the warp. On the other hand, increasing the ration



-T24777(PLCC) , a quad flat package (QFP) , a small outline package
(SOP) , a small outline J-1eaded package (SQJ) , a thin small outline
package (TSOP) , a thin quad flat package (TQFP) , a tape carrier
package (TOP), a ball grid array (B&) , a chip scal e package (CSP)

or the 5 like, but not be limted to. The sem conduct or device
whi ch has been encapsul ated through the transfer nol ding process or
the like is conpletely cured as it is, or under a tenperature of 80C
to 200C, ovesf aheetb@toddnt (a3) 10h Mrddieso ta@ t20n Wy, s8pdsd @Reration
nount ed on an el ectronic equi pment 10 or the like. Fig. 1is a
Cross-sect i opedpatitgyw Of PasEBulaRdUEi@sraieel cedusiing thef Bpmouatiesi 6f
conposition according to the present invention. A sem conductor chip
1 is fixed othawsli®elpads Bo\dearaded fecwahia ihgnich thed encadsud atMg process,
el ectrode pad of the sem conductor chip 1 15 and a lead frane 5 are
connect ed Vvitharedgl grovslend. ddhectsesuchrduehort adilp dnd gokdcdpsukasesl
with a cured encapsul ating resin conposition 6. Fig. 2is a
cross-secional \siewletlq, semhcagtuch orapmervkseelafd-apensbdielication
encapsul ation structure using the epoxy resin conposition 20

accordi ng toNdH-Q1esehl itvendieoloded efia€otitklatoaipoabihp (ad)s ahiixele
on a substrate 8 via a cured die bond material 2. An el ectrode pad of
t he sem condugipamnethi (@3} andused éheohbde: pad theoabddreesaibshe abep8nent
are connected via a gold wire 4. Only the side of the substrate 8
on whi ch t he(slBmrcohidsicher lekids th deyraieat Hebwiabitihcapsbict eéde2bepidhly
a cured encapsulating resin conposition 6. The el ectrode pad 7 on the
substrat e 8 disdadvhetagtdys donneehefadiirdngotberanea lsudfacowicded on

t he non-encapsul ated surface of the substrate 8. - 25 - Fig. 3
is a thride- coampovedtctbagrenhaghowimgrhmichi hhe rredjos. tef of hehe aapentatbe
(al), the conmponent (a2) and the conponent (a3) in the epoxy resin
(A), accor dienFarsui Abed xarepvesy amalk reonpaklsd, vecrnargsl edthRiltp c@se that
i ncludes plots indicating the mxing ratio of 5 the conponent (al),

t he conponent b{RnyAnyReherexinpenant a Pasphenrlt hypeppoey resim g Afilpene
the exanples 1 to 9 and the conparative exanples 1 to 7, as well as

t he pref er abi¥Pe &REEY X D1 hernpxfhyy duppiygepiench d yPenpomentreSan) whidke
conponent (a2) and the conponent (a3) described above, indicated by
di anond- shap&thtBéPateiesediginpelas§ioht X dtndi g tepedprhwbhdSsHapeds
bold |Iines neans preferabl e range descri bed above, that is, for the
conponent® (aihe CPmRPIeAgé2 bf 31eng|wdd HaroBRoRES 82 hddndie CORRPNIT
wt% for the conponent (a2),, the range of not less than 2.5 wt%to
not nore thalf20 MIPBRATIEER THWCSAPEENY £HS)CoRRAMEeRLRgEr<of 2Rdt (a3)
|l ess than 2.5 W% 15 to._ naot npre than 20 wt % _based on the total
amount of cdMorRAESCER) VY YD eERanstidy at high tempegstume, grhich leads
t hepresent inventionw || be SEr)‘%igi ficallydescribed 20 based on the

exanpl es, hdevBF ERREDrEFENIIPRTEMT SOPSTPIPHEWAF Finit%dPBy SRS
exampl es. The, M AG oL | S QU sssell | 1R A MELON o RETPAS o
ALYV LN LTS eS LS 22 ALTELEY Smhetents,
by the fol I quing FHQr oul A (L L& irgargggn%%tdu{heedreb}' izm%e-ding a number
of solder balls from being formed on a flat plane such that the

solder balls is lifted from the circuit substrate on which the
semiconductor device is mounted, and thus degrading the reliability

25 in electrical connection.
The crystalline epoxy resin (al) having a melting point of

not less than 50°C to not more than 150°C used in the resent invention



by Japan Epoxy Resin Co., Ltd., epoxy equivalent of 186, nelting

poi nt of 105C, nelt viscosity at 150C neasured by an ICl nelt
viscosity nmeter of 0.15 poise) - 6.14 paidBs-by wei ght. 5Epoxy

resin 3: A mxture of 50 wt % of epoxy resin represented by formul a

(1) (n =0, and R2 is a hydrogen aton), 40 wt % of epoxy resin
represented by fornmula (2) (m=0, n=0, and R2 is a hydrogen aton), and
10 wt % of epoxy resin represented by formula (3) (m=0, and R2 is a
hydr ogen at orpnt HBLUERD twahndseingd thy Dedwsbppohy 19f [thle gndapsulating
Chem cal s I ncorporated, epoxy equival ent 204, softening point 72C) -
1.10 parts byewmenghtlt Phepoiferebila thati fdeagvatntl .ofPiibaotompansindc (al)
resin (PR-HF- 3 nmanufactured by Sum tono Bakelite Co., Ltd., hydroxyl
group equi vaiemotfle$d4hagofd eitntp pokntoxsf tBICPS-widk Qbapadtan pblye total
wei ght. 15l norganic filler: Fused spherical silica (Average particle
di anet er of 3@cgny of g8 oongrend B wetlhconponddir (g agneltdwracamronent
Tri phenyl phosphin -0.20 parts by weight. Ml d rel ease agent:

Tri gl ycer? de (aBht afgtsifDridpiragipodhtthsf cgopynenty (24) panttheyforegoing
wei ght. 20Coupl i ng agent 1: y-glycidoxypropyltrinmethoxy silane - 0.10
parts by wei ghnge all0W§D@$ﬂﬂﬁﬂ§ga§@fﬁi9lenﬁ-ﬁ%&%ﬁﬂ@ﬂéEYOﬁyﬁﬂTWh@@fﬁﬁp}OYEd
silane - 0.10 parts by weight. Coloring agent: Carbon black - 0.20
parts by wei §ht theargdsurface mouries giGpadeshpoprfitagoiey e ifghide mmesity
normal tenperature in a mxer, nmelted and m xed by a heating roll of
80C to 100C, céobhedantd tehled aaapsedated g@infe VERY epsdPY-esi n
conposition. Evaluation result thereof is show in Table 1. 5Spiral

fl ow. The epoxy rE&%/RPEBNE6SITi(Gh) WESCEAARS Fartd§ RERSENE IPISNELOR ITGRFLS
measuring nold built according to EMM -1-66 under_such condition as
nol d t enper atffiré SFYSER3EINe reerepipsiafi@dof BEH iPaPOARE RbIPt iLfes
of 120 seconds, using a | owpressure_transfer noldi ng machi ne (KTS-15
nanufacturedtﬁﬁnkﬁhﬁgRP'FW%EPE?(%?3P01W%éhiH8 [ ?bEFH?ﬁ,OﬁaﬁHetQRypppﬁﬂF
| engt h was neasured, The spiral flowis a paraneter of flowability,
and a great ef@¢hl I {FRE; CHIRDEREgRRT) £ | SRMRALTTYSEGL PR SRRy FeSEmrefers
is preferable that the spiral flowis. 80 cmor re, in the case of

an encapsul abPrit} FRESY (e Horhafe REPAPLER A EBRULIRE JRABRIEY. TITEY Feom
case of an epcapsul atin S.materjal _for. th rea surface unt

seni conduct oF SPRTIAYE S g?%ﬁy’pF@FePaBF%p%qﬁﬁi ?ﬁ%t%ﬁﬁrﬁﬂer?Pgaf?éjT§0the

cm or nore. dass transition te rature: The,epoxy resin
g e £, SROXY, [LES)

COI’T'pOSi tTon \?\B%X}f rraenssl erae a%lnnsd %Faé un%lenrg §1ucs: C% (ﬁs I on asr rﬁﬂoal

temperatur e plydditu i 205 S/ PLEPRYTE 0.9 o §ulBRer AN BT P LI B

of 2m nutes, Using & Tow pressur ranster i g machi ne

ot ectu By SO Sl R oR JIELDP £ ity 18,808 Loty

speci nen of Spéci me 0St -

four hours aj 1E5Goca0d; LA | AEAL PRSI 608LAR LMl Alechsicy

the glass transiti enperdture of 'the cured conposition or

25 and the | 59%%°§>&%39§ja9§3§b§§tﬁe%8io‘?@t1 oé]oai?s)e %}rﬂj bhg%FB?QSI %h%h%egﬁﬂied

t he test Specl nen were nea ase a chart ai ned throu
measur engit PyrR dheiciahe fECHARLSRL y AR ST SELA1RTEBE {08 a111ne
epoxy resin having a melting point of not less than 50°C to not
more than 150°C include a biphenyl type epoxy resin, a bisphenol
type epoxy resin, a stilbene type epoxy resin, a dihydroxybenzene
type epoxy resin, and a naphthalene type epoxy resin. 2Among them,
25 the biphenyl type epoxy resin and the bisphenol type epoxy resin

are preferable from the viewpoint of flowability.

Examples of the biphenyl type epoxy resin include a glycidyl



- 28 - manufactured by Sei ko Instrunents Inc.) over a tenperature
range of OC to 320C at a heating rate of 5C mn., and the
intersection of the respective extensions4sof al and a2 was defined as
the glass transition tenperature. The unit is C.  5Li near expansion
coefficient (al) : The epoxy resin conposition was transfered and

nol ded under such condition as nold tenperature of 175C, transfer
pressure of 9.8 MPa, and curing tine of 2 mnutes, using the

| ow pr essur eethiansfoamppuhdi sifyMpahi-deh¢dikSyBAphanghet ur ed by Koht ak
Preci sion Machine Co., Ltd., heating rate of 5C/mn.), 10 to give a

t est speci nen, of-dihyax odyadn X , 55 Simt e titemettdgli b splemiyien was post - cur ed
for four hours at 175C, and the |inear expansion coefficient (al) at

t he gl ass trapsiiditydrenpes at’udd tett 1wty de cormubisiethghbiwhdrgver
was neasured. The unit is ppniC. The |inear expansion coefficient

(al) exceedi pg21@ipyorogreal £ -al texcaasibuely -4561 atigettyilbaphenga , f r om
the linear expansion coefficient of the substrate, which |leads to an

i ncrease 3 n wat p-dithvbhexpatk 8jedandrt tefibuctyliabj off Hdimeahplbiphenyl,
Gold wire sweep rate (EGA): A silicon chip and so forth were

encapsul at ed4 by’ tdidyepoxy-3 £¥i,15, SOnpasidtiean i angerutsudh phemyll t (ionl20ing
as nold tenperature of 175C, transfer pressure of 6.9 MPa, and curing
time of 2m nah esSsomemr ahéoewpHresbuaedifEreher supsttitng ivachosigcion) . In
(Y-series, manufactured by TOM Corporation), to prepare a 352-pin
BGA (a substratweiawsed,was a bi smal ei m detriazine resin/glass cloth
substrate having a thickness of 0.56 mm a package size was 30 25 mm
X 30 mMm x t hickndsis (2, 37eporyraogorhe-3i3'i,60h’ cheprameshylbipteerofl 16 mm
x 10 mm x thickness 0.35 mm the chip and a bonding pad of the

circuit Eubsprefierakdee bovrddieyivaewpeioltd ofi féowdb25ymin - 29 -

di aneter). The 352-pin BGA package was observed through a soft X-ray
fl uoroscope (PROEFESP166,ohbhebaephere] ByPSEFPRX GFin inqlude agdyeheyl
sweep rate of the gold wire was indicated by a ratio of sweep anount
agai nst the geher wiorgohedgth 4, themevkil laaeds (drngtdriiphesolas set as
"passed" for less than 5% and "failed" for 5% or higher. ol d
wire sweep rat® Methplengbis (4, Sofireinyl@hgnesd) forth were encapsul at ed
by the epoxy resin conposition under such_condition as nold

t enper at ur e &f 4 TPSEh YL eagliel? . gr BsSEietéy1ob8n®ba, and curing tinme of
70 seconds; in a | owpressure transfer nolding nmachine 10
(GP-ELFfH%nu?d%fﬁ?@@ﬁ?ﬁ%ﬁ@q%ﬁﬁzséfﬁkmﬁﬁﬁylEpa???herebyobtaining a
160-pin LQFP (]owprofile quad flat package, Copper |ead franme, outer
package sizelof 24 RRERYRL lQePﬁ]?i%ﬁé§?gibﬂlﬂm$“ﬂdd si ze of 8.5mm x
8.5 mMm chip gbze of 7. t hickness The 160-pin

4 7.4 5
LQFP was obsbr écflt_ﬁ‘?f)}&%er%yééfj?n?()%(zﬁﬁu B8 q‘fmgnoébm TEST100,
factured b TEX Co.. Ltd. t t t I d
e was i mat Chiad BB TG USSR R S BRI w1 e
506 and " 5 Tl S/ ol Dy REPET Pt age L B At By { Eree LAY
il i i f : 20, | by th i
S com 1 B8 5L 420 SRR Ah e O LR GRET 5
conpos : . . >
ot pr o s & 11 e R ory i FRHGEM RS cbhEP In RalL I "oy Tom
Co i her; i_nj o b d
sl of m a1 ke Ltz 0 ReteRdplodbibiey Ef bt dbaitahn! o Used vas

ke 0S8 (RS otk AT ko et

the silicon chip has a sizé o OmMm x t

chip and a hongdi - - t i,k GULL: Sbstrate were bonded
via a gold afggk%?HESOggyvh Sﬁé%% e??#ﬁb%%gb%%c age was subjected to
the proggss descrgnd) el Wenaldign ikl AR e dR0Le8:1 811 dGaRe B19Eiaya

ether compound of

3-tertiarybutyl-2, 4’ ~dihydroxy-3’,5', 6-trimethylstilbene,



20 Fluctuation in warp after exposure to heat: A difference in the
degree of warp expressed as (WL - W2), WL being the warp after the
nol ding, and W2 being the warp after expgsure to heat. War p at

hi gh tenperature: The degree of warp neasured when the tenperature
becomes uni form upon heating the package on a hot 25 plate of 260C,
after the neasurenent of the warp after exposure to heat. In case
where the degree of warp imedi ately after the nolding - 31 - and
after the pdstectuiangnityl8a, pinarhywioey-B8hescdrveyaadey leitifthenpackage
on the carrier may be disturbed. In case where the fluctuation in
warp after eéxpestisrytmtydat, #sS-dihyinoay-dbre, >’ t-heigonvdysdndtbent, t he
package on the carrier may be disturbed after 5 the nol ding and

t hr ough t he dpdlntimgdproeds§’ , Fui'ttiet ranet indssd ivbene, t he warp at hi gh
tenperature exceeds -90 pm defects in connection becone nore likely
to arise in 4 Hdé-dbhhdrodyed; d’ +aideermatgbuionl (i, 6¢ edsnetfHisdanpliesnd, t o
9, and Conparative Exanples 1 to 7] 10Epoxy resin conposition s were
pr epar ed5ac @oRdi-dghydrdxye 3nB X+ aigt erdtiirogbspelci §, ité ddime thetllsé i 1bame, 2

gi ven bel ow, through the steps according to the exanple 1, and

eval uat ed aécdr dingydmxyé, 8t +d Braraidesbni ped, ioh-dimes tdwdspl gbdne, The
eval uation results are shown in Table 1 and Table 2. 15Foll ow ng are
t he conponerdt 8’ edphyoymdky-8t Ber5 tHarret haset hisled iilherdve exanpl e 1.
Epoxy resin 2: A bisphenol A type crystalline epoxy resin (YL-6810
manuf act ur ed, ¥y —dalpegrRyoRy 3 Rediter€aar vbuit 1 -Se poxgirezphiviat éhpend 175,
softening point of 45C, nelt viscosity at 150C 20 neasured by |C

mel t vi scosi(ipcheding a1 L omEY theireef withoxdy ffexdnt shbsaifphkiengosition).
prepared from p-naphthol, 2, 7-di hydroxynapht hal ene, and fornal dehyde
accordi A8 to theERafRRA o phecddwdresnbanzanm LeBeWEDe régoRyineide
represented by formula (1) (n=0, and R2 is a hydrogen atom) , 25 wt%
of epoxy redi AlVepiesained WW%P%?&WC@)(W%PEY hyfreqpingiRy R2 s
a hydrogen atonm), and 10 wt % of epoxy resin represented by fornul a
(3) (m = 0, 2arddREeE i@rnbhaE bYW EeaHF NP0y Sefipsndl ey dspagimpone,
softening point of 68C) . - 32 - Epoxy resin 5 A mxture prepared

f r om 13- napit Rof1PexXY Py AFEF -G agh P Rdt RAREY LRNET ¢ BHTarGehy de

according tq the, foregoin
9 %,Sjgioctyl%ydrgquinone, 2,5=-dinonylhydrcquinone, and

15 2,5-didecylhydroguincne.

Examples of the naphthalene type epoxy resin include a glycidyl
ether compound of 1,6-dihydroxynaphthalene.

The foregoing compositions may be used alone or in combination
of two or more thereof.

20 According to the present invention, the epoxy resin (a2)
represented by formula (1)} as shown below is essential component
for attaining both of the flowability of the encapsulating resin
and the low stress generation property, especially the warp

- characteristic of the area surface mount semiconductor package.

25 It is preferable that the amount of the component {a2) is not

less than 2.5 wt% to not more than 20 wt%, based on the total amount

of the component (al}, the component (a2}, and the component (a3).



process, containing 85 w % of epoxy resin represented by fornmula (1)
(n=0, and R2 is a hydrogen atom , 10 wt % of epoxy resin represented
5 by formula (2) (m=0, n =0, and R2-issa hydrogen aton), and 5 wt %
of epoxy resin represented by formula (3) (m=0, and R2 is a
hydrogen aton) (epoxy equival ent of 227, softening point of 67C)
Epoxy resin 6: A mxture containing 60 wt% of epoxy resin represented
by formula (2) (m=0, n- 0, and R2 is a hydrogen 10 atom prepared
from p- napht mdttidg Theiiatdooxy neliphtdeaipenent ated )f dnmahdefiyrdgioing range
according to the foregoing prcess, and 40 w % of epoxy resin
represent ed dyldwar ahae¢ )y (@Em0pt andl R2lasca bhytdreegenhat Sigwakriépay eclf
from p-napht hol, 2, 7-dihydroxynaphthal ene, and formal dehyde
accordi ng t otheherfcapegbatningpreses sarfd pivey 1ew us viad sesntyehbrafich/ property,
sof teni ng poi nt of 85QC) Phenol resin curing agent 2: A phenol
aral kyl resiesgeniangyatie plrepy cbarastanictiuceof Mitd A83845 Sn nkanef aotint ed
by Meiwa Pl astic Industries, Ltd., hydroxyl group equival ent of 203,
sof t eni ng posanicehdG6Oyr pacBige. [ Tabkpod)y reEXANRRE repr2s@ntedb fFrulh
EPDXY RESIN 1 6.14 3.64 5.43 6.13

(1) has high crystallizing property, and therefore excess amount

of the component (a2) from the foregoing range leads to degraded

solubilityduringthemanufacturingprocessoftheresincomposition,

thus resulting in failure in uniformly preparing the resin

10 composition.

R1),

R,

wherein, in formula (1), Rl's, which may be the same or different,
represent a hydrocarbon group having 1 to 4 carbon atoms; R2's,
which may be same or different, represent a hydrogen atom or a
15 hydrocarbon group having 1 to 4 carbon atoms; and n is an integer
cf 0 to 6 .
According to the present invention, at least one epoxy resin
(a3) selected from the epoxy resin represented by formula {2) and
the epoxy resin represented by formula (3), contributes to increasing
20 thelow stressgenerationproperty, thereby reducing the fluctuation
in warp of the area surface mount semiconductor package. It is
preferable that the amount of the component (a3) is not less than

2.5 wt% to not more than 20 wt% based on the total amount of the
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6.48 4.72 5.59 5.57 5.53 EPDXY RESIN 2 %43 EPDXY
RESIN 3 1.10 1.08 1.81 0.72 2.54 0.72 1.07 EPDXY RESIN 4
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component (al}), the component {aZ), and the component (a3). Setting
theratiocof the component (a3) inthe foregoingrangeallowspreparing
an epoxy resin composition having excellently low stress generation
property. Also, setting the mixing ratio of the component (a3)
inthe foregoing range contributes toincreasing the glass transition
temperature of the cured resin composition, thereby obtaining a
resin composition with reduced fluctuation in warp under room

temperature after each of the steps from the resin encapsulation
to the surface mounting in the manufacturing process of the area
surface mount semiconductor device, and reduced warp under the

high temperature during the surface mounting process.

(R1),
0/\<]
0 R2-C-R2 (=)
p\/o@@wﬂ
R1)

wherein Rl's, which may be the same or different, represent a
hydrocarbon group having 1 to 4 carbon atoms; R2's, which may be
the same or different, represent a hydrogen atom or a hydrocarbon
group having 1 to 4 carbon atoms; m is an integer of 0 to 5; and
n is an integer of 0 to 6.

(R13_

/\<])

R2-C-R2 3
b\/ \@@/"\/ﬁ
(Rt}

wherein Rl's, which may be the same or different, represent a



1.

10

1.67
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EPDXY RESIN 5 " EPDXY RESIN 6 ~~ 0.90
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hydrocarbon group having 1 te 4 carbon atoms; R2's, which may be
the same or different, represent a hydrogen atom or a hydrocarbon
group having 1 to 4 carbon atoms; and m is an integer of 0 to 5.

Additionally, the epoxy resin represented by formula (1),
the epoxy resin represented by formula (2), and the epoxy resin
represented by formula (3) may be obtained, for example, by reacting
R-naphthol, 2,7-dihydroxynaphthalene, and formaldehyde under the
presence of a basic catalyst or an acid catalyst, for 0.5 to 30
hours under a temperature of 30 to 100°C, and subjecting the obtained
product to glycidyletherification. The ratio of the epoxy resin
represented by formula (1), the epoxy resin represented by formula
(2), and the epoxy resin represented by formula (3) can be adjusted
by varying the mole ration of the B-naphtheol and the
2, 7-dihydroxynaphthalene.

According to the present invention, any other epoxy resin
may be additionally employed, as long as the advantage of employing
the component (al), the component (a2), and the compenent {a3)
in combination remains undiluted. Examples of the epoxy resin
that may be added include, but are not limited to, a novolac type
epoxy resin, a phenolaralkyl type epoxy resin having a phenylene
structure, a phenolaralkyl type epoxy resin having a biphenylene
structure, a naphthol type epoxy resin, an anthracene type epoxy
resin, an alkyl-modified triphenolmethane type epoxy resin, a
triazine nuclear-containing epoxy resin, and a
dicyclopentadiene-modifiedphenol typeepoxyresin. Whenemploying
any of these epoxy resins, it is preferable that the amount thereof

is 30 wt% or less based on the total amount of all the epoxry resins
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used, because otherwise the viscosity of the composition becomes
higher during the encapsulating process, thereby degrading the
flowability.

From the viewpoint of the reliability against moisture of
the resin composition for encapsulating a semiconductor, it is
preferable that the epoxy resin is as free as possible from ionic
impurity, suchasNaionorClion, and fromthe viewpoint of curability,
it is preferable that the epoxy resin has an epoxy equivalent of
100 to 500 g/eq.

The phencl resin curing agent (B) used in the present invention
may be those conventionally used for the encapsulating material.
Examples of such agent include a phenol novolac resin, a cresol
novolac resin, a dicyclopentadiene-modified phenol resin, a
terpene-modified phenol resin, a phenol aralkyl resin having a
phenylene structure, a phenol aralkyl resin having a biphenylene
structure, asulphoratom-containingphenol resin, anaphthol novolac
resin, a naphtholaralkyl resin having a phenylene structure, and
a naphtholaralkyl resin having a biphenylene structure, which may
be employed alone or in combination of two or more thereof.

Preferably, the ratio of the total amount of the epoxy resins
employed and the total amount of the phenol resin curing agents
which are used in the present invention is adjusted such that the
ratio of the number of epoxy groups (EP) of all the epoxy resins
to the number of phenolic hydroxyl group (COH) of all the phenol
resin curing agents (EP/OH) is in the range between not less than
0.6 to not more than 1.5, and more preferably between not less

than 0.8 to not more than 1.3. Setting the equivalent ratio as
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above allows preventing degradation in curability of the epoxy
resin composition. Also, setting the equivalent ratio as above
allows preventing degradaticn in glass transition temperature or
moisture resistance of the cured epoxy resin composition.

Examples of the inorganic filler (C) that may be used in the
present invention include fused silica, spherical silica,
crystalline silica, alumina, siliconnitride, and aluminumnitride,
which are conventionally employed for the encapsulating material.

It is preferable that the diameter of the inorganic filler (C)
is not less than 0.01 pm to not more than 150pm, from the viewpoint
of the filling property. Preferably, the content of the inorganic
filler {C) is not less than 80 wt?% to not more than 92 wt%, and
more preferably not less than B4 wt% to not more than 30 wt%, based
on the total amount of the epoxy resin composition. Setting the
mixing ratio of the inorganic filler (C) as above allows reducing
the warp of the cured epoxy resin composition, and reducing the
water absorption. Also, setting the mixing ratio of the inorganic
filler (C) as above allows attaining excellent solder resistance
without reduction in strength. Setting the mixing ratio of the
inorganic filler (C) as above further allows attaining excellent
moldability without degradation in flowability.

The curing accelerator (D) which may be employed in the present
inventionmaybe any accelerator that accelerates the curing reaction
between the epoxy group of the epoxy resin and the phenolic hydroxyl
group of the phenol resin curing agent, such as those conventionally
used for the encapsulating material. Examples of such accelerator

include amine compounds such as tributylamine and 1, 8-diazabicyclo
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(5,4,0) undecene-7, oxrganic phosphor-based compounds such as
triphenylphosphine and tetraphenylphosphonium-tetraphenylborate
salt, imidazole compounds such as 2-methylimidazole, an onium salt,
or the like.

5 The epoxy resin composition for encapsulating a semiconductor
according to the present invention may opticnally comprise, in
addition to the foregoing materials, various additives including
a flame retardant such as brominated epoxy resin, antimony trioxide,
aluminumhydroxide, magnesiumhydroxide, zincborate, zincmolybdate,

10 or phosphazene; a natural wax such as Carnauba wax, a synthetic
wax such as polyethylene wax, a higher fatty acid such as stearic
acid or zinc stearate and-a metal salt thereof or a mold release
agent such as paraffin; a silane coupling agent such as epoxysilane,
mercaptosilane, aminosilane, alkylsilane, ureidosilane, or

15 wvinylsilane, a coupling agent such as titanate coupling agent,
aluminum coupling agent, aluminum/zirconium coupling agent; a
coloring agent suchas carbonblackorbengala; a low-stress component
such as butadiene rubber, acrylonitrile medified butadiene rubber,
silicone oil, or silicone rubber; and an inorganic ion exchanger

20 for reducing icnic impurity.

The epoxy resin composition for encapsulating a semiconductor
according to the present invention may be prepared by uniformly
mixing the components (A) to (D) and other additives under normal
temperature with amixer or the like, melting andmixing the resulted

25 mixture by a heating roll, a kneader or an extruder, cooling and
crushing the resultant, and optionally adjusting their dispersion

or flowability and the like.
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It is preferable that the epoxy resin composition for
encapsulating a semiconductor according to the present invention
has a spiral flow of B0 cm or more measured according to EMMI-1-66.

Setting the spiral flow in such range allows preventing emergence
of defects suchas short mold andgeldwire sweep, inthe encapsulation
process of the semiconductor packages in general. More preferably,
the epoxy resin composition for encapsulating a semiconductor
according to the present invention has a spiral flow of 120 cm
measured according to EMMI-1-66. Setting the spiral flow in such
range allows preventing emergence of defects such as short mold
and gold wire sweep, even in the encapsulation process of the area
surface mount semiconductor package in which the majority of the
gaps to be encapsulated are very narrow. Also, the epoxy resin
composition for encapsulating a semiconductor according to the
present invention in the cured state should have a glass transition
temperature of 150°C or higher, and a linear expansion coefficient
of not less than 5 ppm/°C to not more than 10 ppm/°C at a temperature
not higher than the glass transition temperature of the cured epoxy
resin composition. Employing the three types of epoxy resins (al),
(a2}, and (a3} in combination, setting the glass transition
temperature of the cured resin composition at 150°C or higher,
and setting the linear expansion coefficient of the cured resin
composition at a temperature not higher than the glass transition
temperature thereof in the range of not less than 5 ppm/°C to not
more than 10 pprﬁ/"C enable attaining excellent low stress generation
property, and thereby reducing, especially in the manufacturing

process of the area surface mount semiconductor device, fluctuation
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in warp under room temperature after each of the steps from the
resin encapsulation to the surface mounting, and the warp under
high temperature during the surface mounting process.

Methods of setting the spifal flow characteristic of the resin
composition according to EMMI-1-66 at 80 cm or more, setting the
glass transition temperature of the cured resin composition at
150°C or higher, and setting the linear expansion coefficient of
the cured resin composition at a temperature not higher than the
glass transition temperature thereof in the range of not less than
5 ppm/°C to 10 not more than ppm/°C include adjusting the mixing
ratio of the component (al), the component (a2), and the component
{(a3), which are the essential components, and the mixing ratio
of the inorganic filler (C), or the like.

A method for manufacturing a semiconductor device by
encapsulating a semiconductor chip with the epoxy resin composition
of the present invention may includes, for example, placing a lead
frame or a circuit substrate or the like cn which the semiconductor
chip‘is mounted in a cavity of a mold, and curing and molding the
epoxy resin composition using a technique such as transfer molding,
compression molding or injection molding.

Although the semiconductor chips that can be encapsulated
by the resin composition according to the present invention are
not specifically limited, include an integrated circuit (IC), a
large-scale integrated circuit (LSI), a transistor, a thyristor,
a diode, a soclid-state imaging device and the like.

The semiconductor device according to the present invention

includes a dual in-line package (DIP), a plastic leaded chip carrier
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7.8 7.6 8.9 GOLD WRE SWEEP RATE (EGA)[4] 3.8 2.0 5.3
4.3 4.8 4.2 GOLD WRE SWEEP RATE (LOFP)19% 2.8 1.8
4.5 3.5 3.7 3.3 WARP - 24 -

{PLCC), a quad flat package (QFP), a small outline package (SOP),
a small outline J-leaded package (80J), a thin small cutline package
(TSOP), a thin quad flat package (TQFP), a tape carrier package
(TCP), a ball grid array (BGA), a chip scale package {CSP} or the
Jike, but not be limited to.

The semiconductor device which has been encapsulated through
the transfer molding process or the like is completely cured as
it is, or under a temperature of 80°C to 200°C, over a period of
10 minutes to 10 hours, and then mounted on an electronic equipment
or the like.

Fig. 1 is a cross-sectional view of a semiconductor device
using the epoxy resin compositionaccording to thepresent invention.
A semiconductor chip 1 is fixed on a die pad 3 via a cured die
bond material 2. An electrode pad of the semiconductor chip 1
and a lead frame 5 are connected via agoldwire 4. The semiconductor
chiplis encapsulated with a cured encapsulating resin composition
6.

Fig. 2 is a cross-sectional view of a semiconductor device
of one~sideencapsulationstructureusingtheepoxyresincomposition
according to the present invention. A semiconductor chip 1 is
fixed on a substrate 8 via a cured die bond material 2. An electrode
pad of the semiconductor chip 1 and an electrode pad 7 on the substrate
8 are connected via a gold wire 4. Only the side of the substrate
8 on which the semiconductor chip 1 is mounted is encapsulated
with a cured encapsulating resin composition 6. The electrode
pad 7 on the substrate 8 is internally connected to a solder ball

9 provided on the non-encapsulated surface cof the substrate 8.
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Fig. 3 is a three-compconent diagram showing mixing ratios
of the component (al), the component (a2) and the component (a3)
in the epoxy resin {(A), according to the examples and comparative
examples. Fig. 3 includes plots indicating the mixing ratio of
the component {(al), the component (a2) and the component (a3) in
the epoxy resin (A) in the examples 1 to 9 and the comparative
examples 1 to 7, as well as the preferable range X of the mixing
ratio of the component {al), the component (a2} and the component
(a3) described above, indicated by diamond-shaped bold lines.
The region X inside the diamond-shaped bold lines means preferable
range described above, that is, for the component (al), the range
of not less than 60 wt% to not more than 95 wt$%, for the component
{aZ), the range of not less than 2.5 wt% to not more than 20 wt%,
and for the component (a3), the range of not less than 2.5 wt%
to not more than 20 wt%, based on the total amount of components

{a} to {c).

Examples

Hereafter, thepresentinventionwillbespecificallydescribed
based on the examples, however the present invention is in no way
limited by these examples. The mixing ratio is expressed in part
by weight.
{Example 1}

Epoxyresinl: Abiphenyl typecrystallineepoxyresinincluding
as a major component,
4,4’ -bis (2, 3-epoxypropoxy)-3,3’5,5' -tetramethylbiphenyl

represented by the following formula {4) (YX-4000H manufactured
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by Japan Epoxy Resin Co., Ltd., epoxy equivalent of 186, melting
point of 105°C, melt viscosity at 150°C measured by an ICI melt

viscosity meter of 0,15 poise) - 6.14 parts by weight.

o HD oy
0 G

l>\/ \ \/<| W
HC CH,

Epoxy resin 3: A mixture of 50 wt% of epoxy resin represented
by formula (1) (n = 0, and R2 is a hydrogen atom), 40 wt% of epoxy
resin represented by formula (2) {(m=0, n=0, and R2 is a hydrogen
atom), and 10 wt% of epoxy resin represented by formula (3) {(m
= 0, and RZ is a hydrogen atom) (HP-4770 manufactured by Dainippon
Ink and Chemicals Incorporated, epoxy equivalent 204, softening
point 72°C) - 1.10 parts by weight.

Phenol resin curing agent 1: Phenol novolac resin {PR-HF-3
manufactured by Sumitomo Bakelite Co., Ltd., hydroxyl group
equivalent of 104, softening point of B0°C) - 3.96 parts by weight.

Inorganic filler: Fused spherical silica (Average particle
diameter of 30 pum) - 88.00 parts by weight.

Curing accelerator: Triphenylphosphin - 0.20 parts by weight.

Mold release agent: Triglyceride montanate (Dropping point
of B0°C) - 0.20 parts by weight.

Coupling agent 1: y-glycidoxypropyltrimethoxy silane - 0.10
parts by weight.

Coupling agent 2: y-mercaptopropyltrimethoxy silane - 0.10
parts by weight.

Coloring agent: Carbon black -~ 0.20 parts by weight.
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The above components were mixed under normal temperature in
amixer, melted and mixed by a heating roll of 80°C to 100°C, cooled
and then crushed to give an epoxy resin composition. Evaluation
result thereof is shown in Table 1.

Spiral flow: The epoxy resin composition was transfered into
a spiral flow measuring mold built according to EMMI-1-66 under
such condition as mold temperature of 175°C, transfer pressure
of 6.9 MPa, and hold time of 120 seconds, using a low-pressure
transfer molding machine (KTS-15 manufactured by Kohtaki Precision
Machine Co., Ltd.), and the flow length was measured. The spiral
flow is a parametér of flowability, and a greater value indicates
higher flowability. The unit is cm. It is preferable that the
spiral flow is 80 cmor more, in the case of an encapsulatingmaterial
for general semiconductor packages. Inthe ca;se of an encapsulating
material for the area surface mount semiconductor package, it is
preferable that the spiral flow is 120 cm or more.

Glass transition temperature: The epoxy resin composition
was transfered and molded under such condition as mold temperature
of 175°C, transfer pressure of 9.8 MPa, and curing time of 2 minutes,
using a low-pressure transfer molding machine (KTS$-30 manufactured
by Kohtaki Precision Machine Co., Ltd.), to give a test specimen
of 4 mm x 4 mm x 15 mm. The test specimen was post-cured for four
hours at 175°C, and the linear expénsion coefficient (al) at a
the glass transition temperature of the cured composition or lower,
and the linear expansion coefficient («2) in the rubbery state
of the test specimen were measured, based on a chart obtained through

measurement by a thermal mechanical analysis equipment (TMA100
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manufactured by Seiko Instruments Inc.) over a temperature range
of 0°C to 320°C at a heatinq rate of 5°C/min., and the intersection
of the respective extensions of ol and o2 was defined as the glass
transition temperature. The unit is °C.

Linear expansioncoefficient (al): The epoxy resin composition
was transfered and molded under such condition as mold temperature
of 175°C, transfer pressure of 9.8 MPa, and curing time of 2 minutes,
using the low-pressure transfermoldingmachine (KTS-30manufactured
by Kochtaki Precision Machine Co., Ltd., heating rate of 5°C/min.),
to give a test specimen of 4 mm x 4 mm x 15 mm. The test specimen
was post~cured for four hours at 175°C, and the linear expansion
coefficient (ol) at the glass transition temperature of the cured
composition or lower was measured. The unit is ppm/°C. 'The linear
expansion coefficient (xl) exceeding 10 ppm creates an excessively
large difference from the linear expansion coefficient of the
substrate, which leads to an increase in warp of the package and
in fluctuation in warp.

Gold wire sweep rate (BGA): A silicon chip and so forth were
encapsulated by the epoxy resin composition under such condition
as mold temperature of 175°C, transfer pressure of 6.9 MPa, and
curing time of 2 minutes, in a low~pressure transfer molding machine
(Y-series, manufactured by TOWA Corporation), to prepare a 352-pin
BGA (a substrate used was a bismaleimidetriazine resin/glass cloth
substrate having a thickness of 0.56 nm, a package size was 30
mm x 30 mm x thickness 1.17 mm, and the silicon chip has a size
of 10 mm x 10 mm x thickness 0.35 mm, the chip and a bonding pad

of the circuit substrate were bonded via a gold wire of 25 um in
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diameter). The 352-pin BGA package was observed through a soft
¥X-ray fluoroscope (PRO-TEST100, manufactured by SOFTEX Co., Ltd. )},
and the sweep rate of the gold wire was indicated by a ratio of
sweep amount against the goldwire length. The evaluationcriterion
was set as "passed" for less than 5%, and "failed" for 5% or higher.
Gold wire sweep rate (LQFP): A silicon chip and so forth were
encapsulated by the epoxy resin composition under such condition
as mold temperature of 175°C, transfer pressure of 9.8 MPa, and
curing time of 70 seconds, ina low-pressure transfermoldingmachine
(GP-ELF, manufacturedby Dai-ichi SeikoCo., Ltd), therebyobtaining
a 160-pin LOFP (low—prof"ile quad flat package; Copper lead frame,
outer package size of 24 mm x 24 mm = thickness 1.4 mm, pad size
of 8.5mm * 8.5 mm, chip size of 7.4 mm x 7.4 mm *x thickness 350mm) .
The 160~pin LQFP was observed through a soft X-ray fluoroscope
(PRO-TEST100, manufactured by SOFTEX Co., Ltd.), and the sweep
rate of the gold wire was indicated by a ratio of sweep amount
against the gold wire length. The evaluation criterion was set
as "passed"” for less than 5%, and “"failed" for 5% or higher.
Package warp characteristic: A silicon chip and so forth were
encapsulated by the epoxy resin composition under such condition
as mold temperature of 175°C, transfer pressure of 6.9 MPa, and
curing time of 2 minutes, in the low-pressure transfer molding
machine (Y-series, manufactured by TOWA Corporation), thereby
obtaining a 352-pin BGA (a substrate used was a bismaleimidetriazine
resin/glass cloth substrate having a thickness 0.56 mm, a package
size was 30 x 30 mm x thickness 1.17 mm, the silicon chip has a

size of 10 x 10 mm x thickness 0.35 mm, the chip and a bonding
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pad of the circuit substrate were bonded via a gold wire of 25
pm in diametexr). The package was subjected to the process described
below, after which the degree of the warp of the package was measured.
To measure the degree of warp of the package, the package was
placed with the encapsulated surface facing upward, and a
displacement in a heightwise direction was measured in a diagonal
direction from the gate of the package using a surface roughness
tester, and a largest difference in displacement was taken as the
degree of warp. Here, in the case that the package had a convex
form, the displacement value was regarded as a negative value,
and in the case that the péckage had a concave form, the value
was regarded as a positive value (+ symbol is not expressed}.
The unit is pum.

Warp after molding: The degree of warp immediately after the
molding process at 25°C.

Warp after expesure to heat: The degree of warp of the package
at 25°C, after the molding process, a post-curing process (at 175°C,
for 4 hours), an IR reflow process {(at 260°C, according to JEDEC
condition), and a drying process at 125°C, for 8 hours.

Fluctuation in warp after exposure to heat: A difference in
the degree of warp expressed as (Wil — W2), Wl being the warp after
the molding, and W2 being the warp after exposure to heat.

Warp at high temperature: The degree of warp measured when
the temperature becomes uniform upon heating the package on a hot
plate of 260°C, after the measurement of the warp after exposure
to heat.

In case where the degree of warp immediately after the molding
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and after the post-curing is 80 ym or more, the conveyance of the
package on the carrier may be disturbed. In case where the
fluctuation in warp after exposure to heat is 40 pm or more, the
conveyance of the package on the carrier may be disturbed after
the molding and through the mounting process. Further, in case
where the warp at high temperature exceeds -90 pm, defects in
connection become more likely to arise in the mother board
implementation process.

[Examples 2 tco 8, and Comparative Examples 1 to 7]

Epoxy resin composition s were prepared according to the mixing
ratios specified in Table 1 and 2 given below, through the steps
according to the example 1, and evaluated according to the criteria
described in the example 1. The evaluation results are shown in
Table 1 and Table 2.

Following are the components employed, other than those used
in the example 1.

Epoxy resin 2: A bisphenol A type crystalline epoxy resin
{(YL-6810 manufactured by Japan Epoxy Resin Co., Ltd., epoxy
equivalenf of 175, softening point of 45°C, melt viscosity at 150°C
measured by ICI melt viscosity meter of 0.10 poise).

Epoxy resin 4: A mixture prepared from p-naphthol, 2,
T-dihydroxynaphthalene, and formaldehyde according tothe foregoing
process, containing 65 wt% of epoxy resin represented by formula
(1) {(n=0, andR2 is a hydrogen atom), 25wt% of epoxy resinrepresented
by formula (2) (m = 0, n =0, and R2 is a hydrogen atom), and 10
wt% of epoxy resin represented by formula (3) {(m = 0, and RZ is

a hydrogen atom) (epoxy equivalent of 212, softening point of 6§°C).
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Epoxy resin 5: A mixture prepared from B-naphthol, 2,
T-dihydroxynaphthalene, and formaldehyde according tothe foregoing
process, containing 85 wt% of epoxry resin represented by formula
(1) (n=0, andR2 isahydrogenatom}, 10 wt% of epoxy resinrepresented
by formula (2) (m = 0, n = 0, and R2 1s a hydrogen atom), and 5
wt® of epoxy resin represented by formula (3} (m = 0, and R2 is
a hydrogen atom) (epoxy equivalent of 227, softening point of 67°C}.

Epoxy resin 6: A mixture containing 60 wt% of epoxy resin
represented by formula (2) (m = 0, n = 0, and RZ is a hydrogen
atom) prepared from B-naphthol, 2, 7-dihydroxynaphthalene, and
formaldehyde according to the foregoing prcess, and 40 wt% of epoxy
resin represented by formula (3) (m= 0, and R2 is a hydrogen atom)
prepared from fB-naphthol, 2, 7-dihydroxynaphthalene, and
formaldehyde according to the foregoing process (epoxy equivalent
of 177, softening point of 85°C).

Phencol resin curing agent 2: A phenol aralkyl resin having
a biphenylene structure (MEH-7851S5S manufactured by Meiwa Plastic
Industries, Ltd., hydroxyl group equivalent of 203, softening point

of 66°C).



RATIO OF (al)/(A)NT% 84.3 84.8 90.0 95.0 100.0 50.0 0.0
RATIO OF (a2)/(A)(W8J 13.3 0.0 00 00 0.0 25.0 50.0 RATIO OF
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[Table 1]
EXAMPLE
1 2 3 4 5 6 9
EPOXY RESIN 1 6.14 | 3.64 | 5.43 | 6.13 | .48 | 4.72 . ) 5.53
PHRENO], RESIN CURING AGENT 2 2.37
INORGANIC FILLER §8.00 | 88,00 | 88.00 | 88.00 | 88.00 | 88.00 | 86.00 | 88.00 | B9.00
CURING ACCELERATOR 0.20 [ 0.20 | 0.20 | ©0.20 | 0.20 | 0.20 | 0.20 | 0.20 | 0.20
MOLD RELEASE AGENT 0,20 ] 0.20 ] 0.20) ©0.20| 0.20| 0.20| 0.20]| 0.20[ 0.20
| COUPLING AGEWT 1 1 0.10 ) _0.10{ 0.10  0.10f 0.10) ©.10) 0.10] 0.10 | 0.10
COUPLING AGENT 2~~~ 7T 0.10 | " 0.10 [ o307 e ip | TG io[TTeto [ odie | Toie|TTu A6
COLORING AGENT 0.20 | 0.20 | 0.20 1 0.20| 0.20| 0.20] 0.20| 0.20| 0.20
| RATIQ QF (al)/(A) [WTRI _____ __ ___ _. 64.6 ) .84.9{ 75.0| e4.8 ) 80.0y 650/ 77.0] 77.5| B3.B
| RATIO OF (a2)/(@) (W] """ 177 7.5 2.6 ] 1251 "89] (80| 17,51 1501 5.0 "8
RATIO OF {(a3)/(A) (wPsj 7177 7.6 7.6 | 125 53] "s.0| 175 8.1 17.5 §.1
SPIRAL FLOW [cm) 120 140 105 125 135 102 115 110 115
GLASS TRANSITION TEMPERATURE [°C] 156 153 162 154 153 168 156 165 153
LINEAR EXPANSICN COEFFICIENT [ppm/ °C) 8.2 §.4 7.8 8.2 8.6 7.6 7.8 7.6 8.9
| GOLD WIRE SWEEF RATE (BGA) [%] | 3.8( 2.0 531 3.5] 2.4 ) 5.4 4.3 1 . 4.8 1 4.2
GOLD WIRE SWEEE RATE (LOFE) (%) AR IR T 2.5 2.0 4.5 3.5 3.7 3.3
WARP WARP RETER 60 63 54 62 63 50 57 53 65
CHARACTERISTIC MOLDING
OF PACKAGE [ym) WARF BETER 30 29 29 29 30 29 29 30 30
EXPOSURE TO HEAT
FLUCTUATION IN 30 34 25 33 33 21 28 23 35
WARP AFTER
EXPOSURE TO HEAT
WARP AT HIGH —70 ] 72 —62 T61 -3 =68 -72 —&0
TEMPERARTURE
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[Table 2]
COMPARATIVE EXAMPLE
1 2 3 3 5 6 7

EPOXY RESIN 1 6.12 6.08 6. 45 .02 7.8 ] 3.65
EPOXY RESIN 6 109 6.77 .38
_PHENOL RESIN CURING AGENT 1 1 - 3.94) . 4.03 | . %03 __4:02) 3. ] 3.90 3.78,
PHENOL RESIN CURING AGENT 2 j
INORGANIC FILLER 88.00 §8.00 88.00 §8.00 88.00 85.00 88.00
CURING ACCELERATOR 0.20 0.20 0.20 0.20 0.20 .20 0.20
MOLD RELEASE AGENT 0.20 T 0.20 0.20 0.20 0.20 0.20 5.20
COUPLING AcENT 1 L 0.10 1 ___ 0.10 | ____ 9_-_19_+___ PN I 1 0.10 { | 0.10
COUPLING AGENT 2 [ 0.10 0.10 0.10 0.10 6.1 6.10 0.10
COLORING AGENT 0.20 0.20 .20 0.20 0.20 0.20 0.20
RATIO OF {al)/(A) [WwTR] | . _1 B4.3f .. 84.8 ) .. 90.0 | .95t 0.0 20. 00 0.0,
BATIO OF (a2)/(A) (wTs) _ "~ " [ " 13.3 0 ... 0.0 .00y DO} S 0.0 % 23,01 30.0.
RATIO OF (a3)/ (B) [WT%) 2.1 is’ 7 10.0 5.0 0.0 25.0 50.0
SPIRAL FLOW [cm] 108 62 76 110 152 72 39
GLASS TRANSITION TEMPERATURE [°C] 146 165 152 130 121 169 181
LINEAR EXPANSION COEFFICIENT [ppm/ °Ccl 8.9 7.8 8.5 9.2 11.8 8.5 7.1
GOLD WIRE SWEEP RATE (BGA) [3] . ~ 5.1 N - T R 7.1 > 9.0
"GOLD WIRE SWEEP RATE (LOFBi (3] BT 6.8 17777 NN .37 5.3 §.0
WARP WARP AFTER 92 53 66 86 118 54 32
CHARACTERISTIC MOLDING
OF BACKAGE (ym) WARP AETER 44 35 32 14 3 17 24

EXPCSURE TO HEAT

FLUCTUATION IN 418 18 36 T2 112 12 B

WARP AFTER

EXPOSURE TO HEAT

WARP AT HIGH —82 32 —68 72 ~108 -87 -132

TEMPERATIRE

In examples 1 to 9, which are different in type and mixing
ratio of the component {(al), mixing ratio of the component ({a2)
and the component (a3), and type of the phencl resin curing agent,
the obtained compositions have desired properties such as a spiral
flow of 80 cm or more measured according to EMMI-1-66, a glass
transition temperature of 150°C or higher in the cured state, and

a linear expansion coefficient of not less than 5 ppm/°C to not

. more than 10 ppm/°C in the cured state at a temperature not higher

than the glass transition temperature, by using the component {al},
the component (a2}, and the component (a3) as essential components
of the epoxy resin, and adjusting the mixing ratio of the component
{al), the component (a2), and the component {a3) withinanappropriate

range, and in all of those compositions, anexcellent balance between
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GOLD W RE SWEEP RATE (LQFP)(% 4.0 6.8 5.4 4.0 1.3 6.3

9.0
WARP AFTER 92 53 66 86 118 54 32 CHARACTERI STI C MOLDI NG

- 35 ~

the gold wire sweep rate and the package warp characteristic was
accomplished. Further, the compositions in the examples 1, 2,
4, and 5 had a spiral flow of 120 cm or more measured according
to EMMI-1-66, as well as excellent results with respect to the
gold wire sweep in the BGA by setting themixing ratio of the component
{al), the component (a2}, and the component (a3) within the
appropriate range.

On the other hand, the comparative example 1 which, while
containing all the essential epoxy resins, i.e. the component (al),
the component (a2), and the component {(a3), contains only a small
amount of component (a3), and the glass transition temperature
of which in the cured state is lower than 150°C, showed inferior
results in warp of the package, especially in warp after molding
and fluctuation in warp after exposure to heat, though a good result
was obtained in gold wire sweep rate when built into the LQFP.

Referring to the comparative example 2 to 5, the composition
of these comparative examples are slightly different in mixing
ratio of the component {(al} and the component {a3) from one another,
and do not include any component (a2) as an epoxy resin. The
comparative example 2 containing a relatively large amount of the
component (a3) suchthat the spiral flowremainsbelow 80 cmexhibited
a poor result in gold wire sweep rate, though a good result was
obtained in package warp characteristic. In contrast, the
comparative example 5 in which the component (a3) was reduced to
zero, so that the glass transition temperature would become below
150°C and the linear expansion coefficient would exceed 10 ppm/°C,

showed inferior results in warp of the package, especially in warp
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after molding and fluctuation in warp after exposure to heat, though
a good results were obtained in warp at high temperature and gold
wire sweep rate. The comparative examples 3 and 4, which have

intermediate contents between the comparative example 2 and the
comparative example 5, failed to show a good result in neither

gold wire sweep rate nor package warp characteristic.

Further, the comparative example 6 which, while containing
alltheessential epoxyresins, i.e. thecomponent (al), the component
(a2), andthe component (a3), containsonlyasmall amount of component
(al), and the spiral flow of which was hence shorter than 80 cm,
showed a poor result in gold wire sweep rate, thdugh a good result
was obtained in package warp characteristic.

Further, the comparative example 7 which does not contain
any component (al) while containing the component (a2) and the
component (ald) in the epoxy resin category, and the spiral flow
of which was hence by far shorter than 80 cm, showed significantly
inferior result in gold wire sweep rate. Besides, because of the
increased elasticity of the cured resin composition at high
temperature, poor result was shown in warp at high temperature.

Thus, it has been proved that the epoxy resin composition
for encapsulating a semiconductor according to the present invention
exhibits an excellent balance between the gold wire sweep rate
and the package warp characteristic.

The present invention provides an epoxy resin composition
with high flowability and low stress generation property, which
exhibits, especially in a manufacturing process of an area surface

mount semiconductor package, an excellent warp characteristic,
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particularly the warp after being exposed to a high temperature,
and can therefore be appropriately applied to an area surface mount

type semiconductor device.



-87 -132 TEMPERATURE In exanples 1 to 9, which are
different in type and mxing ratio of the conmponent (al), m xing

rati o of the conponent (a2) 5 and the conponent (a3), and type of the
phenol resin curing agent, the obtai-B®d conpositions have desired
properties such as a spiral flow of 80 cm or nore nmeasured accordi ng
to EMM -1-66, a glass transition tenperature of 150C or higher in the
cured state, anla‘alslqlw@a&d@kpansi on coefficient of not less than 5
ppmi C to not 10 hore than.l i : t I a
tenperature n -A’PrSH%)Wf‘?ﬁé’ﬁ%ﬁﬁ’%ﬁ&]gf,oﬁgglﬁgﬁlﬁ%ﬁ%gr?%%?ature, by
using the ccumniuewrc(omprlslnglén@pﬁﬁbﬁ@ﬂlﬁ(@m, and t he conponent (a3)
as essential conmponents of the % .n, and adjusting the m xing
rati o of the CHMIEHE Wy,reﬁlﬂzﬁﬁ&ﬁgﬁﬁg% (a2) , andthe conponent
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conponent (a3), resu (adeansl heepoKHALIINI(@N:t enperature of which in the

_cured state is Jower.than 150C .sh d. i ri in warp of
the package, SUMIEIpe Oianc\ﬁﬁ]rOBIﬁ'ﬁg\éﬁrﬁkﬁ%‘?ﬁgggﬁﬁéﬁé@%ati on in warp
after exposure tmedserad adcondiop ta FIMH--6$unethod; was obt ai ned in gol d
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exanpl es are sl ighpemhdiefdfdSOAC.ion Inghdrngndat i o of the component (al)
and the conponent (a3),from one another, and. do not include any
conponent (a2)T11%1§01a}190é5&Q/111r@1§i%1.re Rate AL 8 IGAL YRS Dl e 2
containing a rekatfefdnt of 8pea/aaotot0 mimiHE., staempenatut@3) such t hat
the spiral flow ' AT ult in gold
W re sweep rate}lBFﬁ%{% tgﬁgg‘({)édggléguatﬁ%q\?vaog %Eﬁjg?%tgg@ibgmgickage war p
characteristic. CPRPOSHIGast, the conparative exanple 5¢iyn which the
conponent (a3) was reducgg)"to 25 zero, so that the glass transition
t enperature woul d becone R and the |inear expansion
coefficient would exceed howed inferior results in warp of
t he package, especially i

R1),

wherein, in formula (1), R1’s which may be the same or
different, represent a hydrocarbon group having 1 to 4
carbon atoms; R2’s, which may be same or different,
represent a hydrogen atom or a hydrocarbon group hav-
ing 1 to 4 carbon atoms; and n is an integer of 0 to 6;
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t hough a good results were obtained in waBfp at high tenperature and
gold wire sweep rate. The conpdrative exanples 3 and 4, which have

i nternedi ate contents between the conparative exanple 2)and the 5
conparati ve exanple S5Rlkailed to show a good result in neither gold
i characteristic. Further, the
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obt ai ned i n package warp dBardb+eRd stic. Furt her, the

conpar ati ve exampl e 7 whi ch dages not contain any Oorrponent (al) while
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rate. Besides, because of t d elasticity of the cured resin
conposition at high tenperat ' result was shown in warp at

hi gh tenperature. 20 Thus, it has be@d) #proved that the epoxy resin
conposition for encapsul ating a sem conductor according to the
present invention exhibits an excellent bal ance between the gold wire
sweep rate anehereinpanklageum(p), dbsactiech shay.be same or The

present inventig fel%ﬁ’t\’h‘ s&t aelﬁ?ﬂ%cél%%h N6 $ i P45 Wi th high
flowability and ﬁzgenei1 ill o%,@%ﬁ%% ?,/e’ \Mgﬁ? xhi bits, :
especially in a® R{}]a gﬁ’ é‘b 5E& 4 e nmount

seni conduct or peRpkeseat 2 hydenges) atemoradiysiresa ﬁéﬁé‘iﬂi}é - 37 -
particul arly thmgwhtep4 ghthen dlemgnmms&tto’epoﬁomo@handenper ature, and

can therefore b applied to an area surface nount type
sem conduct or dgsva?@@%éé%?gmb%ﬁﬁ is claimed is: 1. An epoxy resin
conposition for encapsulating a sem’ conductor conprising an epoxy

resin (A); wherein the epoxy resin (A) includes: a crystalline epoxy
resin (al) having a nelting point of 50 C. to 150 C., (&#n epoxy resin
(a2) represented by formula (1), and at | east one epoxy resin (a3)

sel ected from an epoxy r(B¥ixn represented by fornula (2) and an epoxy

resin repre- sented by a | a3),
\-—_@C_—zj/

Rz

wherein, in formula (3), R1’s which may be the same or
different, represent a hiydrocarbon group having 1 to 4
carbon atoms; R2’s, which may be the same or different,
represent a hydrogen atom or a hydrocarbon group hav-
ing 1 to 4 carbon atoms; and m is an integer of 0 to 5, and

wherein the epoxy resin (al) is in an amount of 60 wt % to
95 wt % based on the total amount of the epoxy resin
(al), the epoxy resin (a2), and the epoxy resin (a3).



wherein the epoxy resin (al) is different fromthe epoxy resin (a2)
and the epoxy resin (a3); wherein the conposition has a spiral flow
0180 cm or nore neasured according to EMOL-1-66 nethod; the

conposition in the cured state has a glass transition tenperature of

150 C. or higher; and.the conposition in.the cured state.h a |linear
expansi on coeffi ci 2n&]@f CEOPPAFSIE, cqlgpqs(grl%,gpcgr_cﬁn%t OaC]@HH;gr ature

?% ?:?%?erot han tereindhe ctystailing emoxytresipéa bisadleast onrecleotedosi t i on
, 0z.< R C: k2 L0 ' ; o o
the same or di ff?ro(ﬁl’rﬁg ro&%é@%s?é@méf"d? g@ﬂ{yggﬁtsé,y @sithiach may be

e
ent, i i.ng 1 4
carbon at ons; RZggSPﬂﬁH@ﬁg%?Pfﬁ'@’%? GHFIgeRE dy ﬁr’lt%PB?%;a{\f%ggﬁt ;O

hydrogen at om or dihylydx plssarzepe typeoeymxyaesing aid amaphtemémntypeons; and
][1 i's an integer 8@"%&&‘& -39- \<0 R2 -CGR2 (R1),, wherein, in
ormula (2), Rl [ may be sane or.different, represent a
hydr ocar bon group ha{6gep0Xyo resii £OBPSHIGMECCEINg; 10 AR 1z'ay be the
sane or differentvherdnnksepdxarediidadysrinahamamnt af b9 dridédo B6n gr oup
having 1 to 4. {?%‘éﬁ%‘%@i{yg&_i%@ 1% SRS At % F1 9420 1S an
wt %, and the epoxy resin (a3) is in an amount of 2.5 wt % to
20wt %, based on the total amount of the epoxy resin (al), the
epoxy resin (a2), and the epoxy resin (a3).
4. The epoxy resin composition according to claim 1, fur-
ther comprising & phenol resin curing agent (B).
5. The epoxy resin composition according to claim 1, fur-
ther comprising an inorganic filler (C).
6. The epoxy resin composition according to claim 5,
wherein the content of the inorganic filler (C) 1s 80 wt % to 92
wt % based on the total amount of the epoxy resin composi-
tion.
7. The epoxy resin composition according to claim 1, fur-
ther comprising a curing accelerator (D).
8. The epoxy resin composition according to claim 1,
wherein the composition has a spiral flow of 120 cm or more
measured according to EMMI-1-66 method.
9. A semiconductor device comprising a semiconductor
chip encapsulated with the epoxy resin composition for
encapsulating a semiconductor according to claim 1.
10. An epoxy resin composition for encapsulating an area
surface mount semiconductor, wherein the area surface
mount semiconductor comprises a semiconductor chip
mounted on substantially one side of a substrate by encapsu-
lating with the composition according to claim 1.
11. An area surface mount semiconductor device, compris-
ing a semiconductor chip mounted on one side of a substrate;,
wherein the semiconductor chip on one side of the substrate is
encapsulated with the epoxy resin composition for encapsu-
Jating an area surface mount semiconductor according to

claim 10.



(R1)", wherein, in formula (3), RI's which may be the sane or
different, represent a hydrocarbon group having 1 to 4 carbon atons;
R2' s, V\/m ch may be the sanme or different 4 represent a hydrogen atom
or a hydrocarbon group having 1 to 4 car bon atons; and mis an
integer of 0 to 5, and wherein the epoxy resin (aI) |s in an anount

0 e SEEE I SURA g B REY, 15,
epoxy resin conp ielfi?@r{ 18 EPBXYIFGRe ?&ﬁé& B 49 ANOWHEHO W Helod st al | i ne
epoxy resin (al) widoandkaamonmneofepeot i (@8istinengrmomtadiisi st| ng

OI fbb' phter‘Y' tyaﬁ%%xzo@%% b’és&i6ﬁhﬁé‘%taf¥1ﬁ%uﬁ?8fmé@ﬁd)§n q

napht hal eno. typer eﬁqg%ﬁ& ?poxs i) e K RS ¢ on
according to cl ai APENY IESHL é‘p@%ﬁsﬁl@ﬁl chadl)l:,l ® thimnl ,armunt of
60 wt %to 95 V\'t\k%erélheﬂl%pWX)%r@ﬁE%) 2¢sih Jall ) basedmauTle m‘taIZ S w %

20 ot A basod oftChEPphihe R 1e8it)(a1 £ hE AR PARI [ ar Y”Le%eéﬁxy
resin (a2), and FW}éb%*kﬁﬁ)erﬁV §the epaxy 6 WS%@%

conposi tion accoamiemylleutbalanmhgmfeemﬂhmgo]dm §weammrate mlldethel resin
curing agent (B)Wa SharhBRrRHEXy resin conpositi on according to claim

1, further conpri fil. Q) . The epoxy resin
corposi £ 1o aceor s SRR IRESmmbrtith tbh s capsblaiiic

inorganic fillercq CI%T GUNPKISING 28 epRXYtresiiidded on the total ampunt
of the epoxy resi nvhernotid ¢puxy resit. (Ah@ckieleyy resin conposition

di t I D) .
5. “The epoxy reei n CoSae ﬁ%éﬁ@@q)?&ﬂé@ﬁ AAEAERIAA Lo

Q
conposition has a spi ﬁ tga/ f 20 cm or nore neasured according to
EMM - 1- 66 nmethod. aa. ep@xyemmc(aahmpmesanmdbjefammim(é) ragda

semi conductor chip_goRapeificdesty edifl(13)acRoRMIEMShEpRATRASAL [ ON T or

R T U Wb e

sem conduct or, wher ei BERT mount seni conductor conpri ses
a seni conduct or ¢ vilerenuithieeeh oy mshs(aalr)tzs ai ffgreanéromn dke epory substrate

by encapsul ating W {4dy; ﬁ? Rl e@b?? @ﬁﬁgﬁ .ng to claiml. 11. An
uct o C

area surface nount ri s a seni conduct or

chi p mount ed on oﬁ@leg?’&]etﬂﬁfso%lpg%’@ﬂl\ri]ﬁ@w% %‘l"ﬁ’fgﬁ@né%]@%ductor
chip on one side of mdaleutealmoedlnﬂﬂeE@ﬂbﬁpk@ﬁaneﬂnoduh t he epoxy

resin conpositiontli@togiposition af tHdoaedatae 15ird gj;i%grfgcgg‘itlol} esin
Xy i

sem conduct or accor 4
conposition accordl ﬂeéﬂﬁ%{%&rgloi\]%b %&F&lﬁl‘?n@l poxy resin (al) is in
an amount of 65 wiheLompmeitian i thedcurbé samhag adineapexyangsin (a3) is

in an amount of 5 Weo&Hche () unt of the
epoxy resin (al), thg 2815 Prﬁ/ét Whe g“%@ K (a3).

13. The epoxy resin 85ﬁ§§§¥€f%hﬂ§% %ﬁ 1ﬁ§$ﬂ@ﬂdﬁaﬂﬁ¥a nmnéﬁhen the wt
A of epoxy resin (atoum@smmnon the total anmpbunt of the epoxy resin
(al), the epoxy resin (a2), and the epoxy resin (a3) proviitles the
epoxy resin conposition mnﬂﬂlnn excel I ent bal ance between the gold
wire sweep rate and t he war p\ER et 2w stic. 14. An epoxy resin
conposition for encapsul ati ductor conprising an epoxy
resin (A), wherein the epox includes: a crystalline epoxy
resin (al) having a nelting™s C., an epoxy resin
(a2) represented by formul a (1 , I%ast 0 epoxy resin (a3)

sel ected from an epoxy resin re es:nted by f or mufa (2) and an epoxy
resin repre- sented bg a fornul —RI

(R1},



wherein the epoxy resin (al) is different fromthe epoxy resin (a2)
and the epoxy resin (a3); wherein the cé2position has a spiral flow
of 80 cmor nore neasured according to EMM -1-66 nethod; the

conposition in u ’ [ t erature of
150 C. or hi gh‘e"’rhlé?eﬁ:1 {1‘Pﬁorﬁ;{|ﬁ£ ojqq?]' 5 &hﬁﬁ%ﬁaﬁ %Sthé sgiie (ﬁmﬁas a linear

t
expansi on coeffl@if%ﬁn tofeme )@ro%rlb%\ PP hjla‘&mc L? t enper at ur e
not hi gher than ¢drboglai81$15; R2fs i which meyrer seme erdﬂﬁcmt,conp05| tion:
(1) 11.9- G R (Rbbresehfdhs toc‘éﬁatdﬁl‘?fr%‘ﬁydrgéh b ?lﬁéo-, RL *s which

may be the same repres group having 1
to 4 carbon aton’é]-0 %Cﬂ Oﬁﬁymﬁgn§§ﬁ€1‘¢a@7 represent a
hydr ogen atom or a hydrocarbon group having 1 to 4 carbon atons; and
nis an integer of 0 to 6; (2) wherein, in formula (2), Rl 's which
may be sanme or different, represent a hydrocarbon group having 1 to 4
carbon atons; R2' s, which may be the same or different, represent a
hydrogen atom or a hydrocarbon group having 1 to 4 carfhdn atons; mis
an integer of 0 to 5; (Bnd n is an integer of 0 to 6; (3) R2 -C
-R2 (R1), -43- wheye ormula (3), R1 ' s which nmay be the
sanme or different, repr@sen Hr ocar bon group having 1 to 4 carbon
atons; R2' s, which e or different, represent a
hydrogen atom or a hyd iy in to 4 carbon atons; and
mis an integer of O to & ein ﬁhe ep resin (al) is in an
amount of 60 wt %to 95 wt % based on the toPal amount of the epoxy
resin (al), the epoxy resik<al)-Rand the epoxy resin (a3), and

[P Q S

(R

wherein, in formula (2). R1’s which may be same or dif-
ferent, represent a hydrocarbon group having 1 to 4
carbon atoms; R2’s, which may be the same or different,
represent a hydrogen atom or a hydrocarbon group hav-
ing 1 to 4 carbon atoms; m is an integer of O to 5; and n
is an integer of 0 to 6,

3)
(R

(R,



wherein the epoxy resin (a2) is in an amount of 2.5 w %to 20 w
and the epoxy resin (a3) is in an amount of 2.5 w %to 20 wm
based on the total anmount of the epoxy resin (al), the epoxy resin
and the epoxy resin (a3). _43-

(a2),

wherein, in formula (3), R1’s which may be the same or
different, represent a hydrocarbon group having 1 to 4
carbon atoms; R2’s, which may be the same or different,
represent a hydrogen atom or a hydrocarbon group hav-
ing 1 to 4 carbon atoms; and m is an integer of 0 to 5,

wherein the epoxy resin (al) is in an amount of 60 wt % to
95 wt % based on the total amount of the epoxy resin
(al), the epoxy resin (a2), and the epoxy resin (a3), and

wherein the epoxy resin (a2) is in an amount of 2.5 wt % to
20 wt %, and the epoxy resin (a3) is in an amount of 2.5
wt % to 20 wt %, based on the total amount of the epoxy
resin (al), the epoxy resin (a2), and the epoxy resin (a3).
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