- 1 - SPECI FI CATI ON EPOXY RESI N COVPCSI TI ON FOR ENCAPSULATI NG SEM CONDUCTOR
AND SEM CONDUCTOR DEVI CE 5 TECHNI CAL FLELD-The present invention relates to
an epoxy resin conposition for encapsulating a sem conductor, and a

sem conduct or device. RELATED ART The ongoing mniaturization, reduction in
wei ght and progress 10 in performance of el ectronic equi pnments have been
accelerating the increase in level of integration of sem conductor chips

(hereinafter, also referred to as ggt@@p@&ng@N"chip") to be incorporated.
This has been creating, in the fiel

of sem conductor devices (hereinafter,

al S0 referred pooas ASOf COMMEGIT RATKATBICABS O aT ARS KAIR donpBTbACT easi ng

demand for area surface nount sem conductor packages, as a substitution for

t he packages of conventionalAﬁéggﬁﬁfgéﬁPdgyﬁgab%%l% rface nount

sem conduct or package has been vel ope imviewof the fact that the
conventional surface nount packages, 20 typically exenplified by a quad
fl at package (hereafter, referred to as "QFP") and snmall outline package

(hereinaft referr to as "SOP'), can no longer cope with the currently
require h%gFHNg%ﬁ£c ﬂ%&Dand hi gh operation speed. Typical exanples of the

area surface nount sem conductor. package include a ball grid arra¥ 25
(hereinafter, al'86 PEFFRledIVENidONBEALILES 2R BRPRY sTSR ph4CRRGE1 t1on
(hereinafter, also referred to as "CSP") which is designed in an even
smal | er si #6r TREaBFekA NG & STIHNWERPEonATE t Br S Phigepyictor device.

RELATED ART
The ongoing miniaturization, reduction in weight and progress
10 in performance of electronic equipments have been accelerating
the increase in level of integration of semiconductor chips
(hereinafter, also referred to as "element" or "chip") to be
incorporated. This hasbeencreating, in the field of semiconductor
devices (hereinafter, also referred to as "semiconductor package"
15 or "package"), an increasing demand for area surface mount
semiconductor packages, as a substitution for the packages of
conventional structure.
The area surfacemount semiconductor package has been developed
in view of the fact that the conventional surface mount packages,
20 typically exemplified by a quad flat package (hereafter, referred
to as "QFP") and small outline package (hereinafter, referred to
as "SOP"), can no longer cope with the currently required high
pin count and high operation speed. Typical examples of the area
surface mount semiconductor package include a ball grid array
25 (hereinafter, also referred to as "BGA"), and a chip size package
(hereinafter, also referred to as "CSP") which is designed in an

even smaller size. The area surface mount semiconductor package



et

2 has such a structure that the sem conductor chips are nounted on aside
of a hard circuit substrate, typically_ipcluding a bisnmaleimde triazine
resin (hereinafter, referred to as "BT resin")/copper foil circuit
substrate, or on a side of a flexible circuit substrate, 5 typically
including a polyimde resin film copper foil circuit substrate, and the
surface on which the chips are nounted, i.e. only one side is nolded and

encapsul at g0 by, a1 SLO- GATROS LN,y L OLo eNCARRILBLT 00 8- SNl GRRGNELOD,

(hereinafter, al'so re as "encapsulating nmater

"encapsul ating, resin") .. .On_the 10.0pposite.si f the. t.rate, .
eIectrodesa§ﬁ%ﬁ”§§agg%&éPrCHéFﬁg%gFgagFf5&@ C?g?gqafﬁagﬁ§¥?§Pﬁ%a S%B?ggction

ith ther.__board i npl ted on th K f Fur.ther, new
Gevel oped. ERZLA SE0R VY CH HE i B6 e Hotiht GO (11 e/ oRELHl

substrate _such as a lead frame, in addition to.the foregoing o ni c
circuit 150ddpsti I SERNr AT yOF RE %Féﬁe&%ﬁ g&EXhBL%FlgSH?géH&%&BFe'
package bears  a_one-side encapsulation structure_in which only ane side of
the subst taPd céalxhiBRLEAENE M g lfi@ifsudesdni §1EREERRRA AT thyidcrésin
conposition, |leaving the other side provided with the solder balls 20
uncover ed. Stksthateasandhkehre swefana an shvshr dbe shitps rameeadedrang-i s
enpl oyed for nmounting the chips thereon, an encapsulating resin |ayer may
be rarely prndvi ge¢ pada ihikkided afd sogapsudptedi By onsrain fempebdtiane
surface provided with the solder balls. However, the encapsulating resin

| ayer fornmédrornthpssiatiane avsehigsntdhetehi Jeetragnad teli ckhes sredfertngddieds of

m crons to sever al mllimeters, and hence all the area surface nount
sem conductagr "encapsulating material" or "encapsulating resin"). On the

10 opposite side of the substrate, bump electrodes such as solder
balls are aligned in a grid pattern, for junction with a mother
board implemented on the package surface. Further, newly developed
substrates onwhich the chips are bemounted include ametal substrate
such as a lead frame, in addition to the foregoing organic circuit

15 substrate.

Generally the area surface mount semiconductor package bears
a one-side encapsulation structure in which only one side of the
substrate on which the chips are mounted is encapsulated by a resin
composition, leaving the other side provided with the solder balls

20 uncovered. In the case where the metal substrate such as a lead
frame is employed for mounting the chips thereon, an encapsulating
resin layer may be rarely provided in a thickness of scores of
microns on the substrate surface provided with the solder balls.

However, the encapsulating resin layer formed on the surface with

25 the chips has a thickness of hundreds of microns to several

millimeters, and hence all the area surface mount semiconductor

packages may practically be regarded as having a one-side



packages may practically be regarded as having a one-side 3 encapsulation
structure. Accordingly, the area surfacesmunt sem conductor package is
prone to incur a warp i mredi ately after the nolding, because of unmatched
t hermal expansion or thermal shrinkage between the organic substrate or
metal substrate and 5 the cured resin conposition, or because of an effect
of curing shrinkage of the resin conposition which occurs during the

nol di ng aQQKgﬁékﬁgtEB§?§§fu%€*§9: %Q@o?&fﬁ?ﬁgfﬁ§ﬁ§Eﬂ%%ﬁ%u%%@%%gﬂgg§$or

package is nor y Subj ecte 0 a post-cu process after ti di ng,
during Wh'C%nE%%nH%Ego?a agﬁm%§ﬁgﬁg%9nge&§9§ﬁnﬁfatﬁsr%oiéﬁ%5¥§eé1 afpLE may
i nterrupt the transpor ion he “packages y the tarryi ng apparatus.
After encapsul ati rocess, the. manufact uri rocess_of. the area surface
nmount senic%ﬁhﬂ@%@gngacégﬁﬁu%%93ﬁrﬂﬂWﬁﬁgﬁFﬁetggggg? %??a??ﬁ?QHthgpﬁép?%(a)
providing a so%&gr bal |, éb) dryin ,.andu#S c% mounti ng a nother board. In
Phe st ep ( S nRaeBEkigER) St o bRetabpaet Bet b Laiiear PE i o
formthe solder electrodes. 1In the step %P), t he gack%ge is treated under a
t enper aPur &h6F CUTEEr LBRARPFEPeRtE1AYs AThERC2HEE Pb AdtShie (Haf 568, f or
several hours. Then in the step (c), simlar steps to those of the step 20
(a) are perfgimpg@gecehéhgl F§Sin kOMRPsats0p MAEEBERET S SMrdordtkes 8P ldpRekage
is warped imediately after the encapsul ation process, and becones concave
wi th the s@nfacaringt Phasepeen Adrcapsbeadeead $Weraghaiquat, sgmgeondrekeled to
as "encapsul ated surface") oriented to face upward (under room
t enper at ur ®ackisgeadsenofmal bi fsidrjented260 i ddstegnragpansdoms © gdftfeirccbat
bet ween the cured encapsul ati ng
molding, during which the warp may be worsened because of the
10 reheating. This may interrupt the transportation of the packages
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 solder reflow temperature to form the solder electrodes.
In the step (b), the package is treated under a temperature of,
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) areperformed. Generally, the area surface mount semiconductor
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 andthe substrate, the curing shrinkage of the encapsulating

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



material and the substrate, the curing shrinkage of the encapsul ating
material and so forth. Then through the steps (a) and (b), the - 4 package
is deformed so as to reduce a degree of the concave (under a room
tenperature) . This owes to the difference in |linear expansion coefficient
bet ween the cured encapsul ating material and the substrate, or to stress
rel axation of the encapsulating material. 5 Further, when the package is
exposed to the sol der 0 e ra (el t.i i,nt S r) in
the step (cBaéi%q%eg%é% ééﬁﬁ%%gsﬁégggnygégﬁ %ﬂ%&bgggd§§§ﬁ§5§§g§39 u@kgﬁﬁ}p IS
prone to cause a,centra ortion _of the ckage to lift, .and to provoke
ol der  br i dorig CarParaerToher fiparear Pt FRRgebRatt ah M e TR REE o
the surface 10 untin rocess. These phenonena, often | eads, wh

ol oot HPC T LB CHEF oChD § HRE i RGP S 47an ot Be Her bok 1 98¢ ddifect i on,
or presence of great residual stress in the golder connection point . gven

t hough t he LBHidctiConoF SSAShFETa k2% 91oMaAg Hit §NCGPsHerhLRgdatgrial .
defective connection during the subsequent tenperature cycle 15 test or the
like. Sdch dudkbgek WhenidiePaFsads &5 83pestal Py-hiesoldes eldeviaire riire
substrate is relatively thin or where the solder balls are relatively snal
in di amet er (m9lf idiodee intpoAddyeeseldgid {Bridisos AgP dEawddxkPagk@Iohs lanasipt s
have been made to i nprove the encapsulating resin. Possible renedies 20

i ncl ude (1)berdntansl beggmeRecghess. t Saedi WRoR tenpepat uke qdvaeiangkenéral
referred to as "Tg") of the cured material, and (2) <controlling the |inear
expansi on gqoeftfian edt th8pperkagal ty,lfhr, aexarmy eronoRat eptd®odumedging, it
is proposed that by conmbining a triphenol nethane type epoxy resin and a

t ri phenol metthapertipperal portion, during the solder reflow step of the surface

10 mounting process. These phenomena often leads, when implementing
the solder balls to the mother board, to defective connection,
or presence of great residual stress in the solder connection point
even though the connection is achieved at all, and also to emergence
of defective connection during the subsequent temperature cycle

15 test or the like. Such drawback is more visible especially in
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
have beenmade 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 expansion coefficient. Specifically, for
example in Patent Document 1, it is proposed 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. Also, in Patent Document 2,



25 phenol resin, it is possible to increase the Tg of the cured resin
composi tion, thereby reduce the curing shyinkage during the nolding process
of the resin conposition. Also, in Patent Docunment 2, - 5 is proposed that
by enmploying a resin having low nelt viscosity, it is possible to increase
the content of an inorganic filler, thereby adjust the |inear expansion
coefficient al of the cured resin conposition at a tenperature not higher

than the Tg; ghe@%{]%gi?tkgttpg Arﬁp& §rm Ransiop }?a%ff G8Nhe?f &h cossﬁt%rate

Further, suc d "as enpl oyi'hg’ a resin con

napht hal ene, ring stru Ghure to t her eby, reduc e I|n ar. nsi o
cogff|C|ent %% (?5?‘1fh§8 ncﬁa?%ntlﬁ%éﬁﬁ%nrﬁlg to%G ngiﬁ?% ﬁ %%?r’

f oregoi ng renedi es achi ev ai n_i nprovenent he_inprovenent is
ot et | of AEEBH 9P Rt e GB: 1t BEAr pakR %{@selom%filfﬁﬁﬂltsﬁﬁ)sﬁa ¢ gured

smal | -di aneter sol der balls, and besides the nol ab|I the resin, such
as flowabi | FE§i1 COMPESHEL PR o GeE P e BRE ent h@éﬁgﬁégg 1Y pen

Publ i cati on No. H11-147940 15 Patent Document 2: Japanese Lai d-open
Publ i catd ont Mot ML ILITBAT epREBALODOERRER RN Alakbse SLRFATBPRN PUBILDEAY i on
No. HO08-127636 Patent Docunent 4: Japanese Lai d-open Publication No.

2001- 2339365200 Peatdind becukesn Brogapahese ileyvdpenaPuppitatPorrining a

No. HO4- 217675 Patent Docunent 6: Japanese Lai d-open Publication
No. HO6- 23997@phthalene ring structure to thereby reduce the linear expansion

coefficient (see, for example, Patent Documents 3 to 6).
Although the foregoing remedies achieve certain improvement,
10 still the improvement is not satisfactory with respect to a package
with a thin substrate or small-diameter solder balls, and besides
themoldability of the resin, such as flowability, is tobe improved.
Patent Document 1: Japanese Laid-open Publication
No.H11-147940
15 Patent Document 2:Japanese Laid-open Publication No.H11-1541
Patent Document 3: Japanese Laid-open Publication No.
H08-127636
Patent Document 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,
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DI SCLOSURE OF THE I NVENTION 25 It is an object of the present invention to
provide an epoxy resin conposition for_encapsulating a sem conductor having
high flowability and |ow stress generation property so as to reduce, 6
especially in a manufacturing process of an area surface nount
sem conductor device, fluctuation in warp under roomtenperature after each
of the steps fronlresin encapsul ation to surface nounting, and to reduce

warp under high tenperature during the surface mou tn ng.3 %ﬁ?f&g& &f el |
as a senlco% c ot deicé 0§ g suc F2si conp05| i on~.” According one
enbodi nent of the j nventlon theff rovided an e §¥ re5| qeltlon
for encapsuf AP AT d5¥dGE of TV i<} Af gﬁr%58§§a &SP ?%@pe Y-Sherein

the epoxy re A cl.udin crystalline ep .res havi n
A S T %%seereélﬁcﬁnwe ATt QF%%&@&%%« "
(a2) represented by formula (1), and at |east one epoxy resin (a3) selected
froman epoxydt TEFerdé’éﬁer?"arré:b‘i‘%%%Féah5)?“‘?8F?rﬁ}lée@21)fl§ﬁd:h§ns%rp%ﬁﬁ FREGhing
represented by a formula (3), wherein the epoxy resin (al) is different
fromthe eppk§Ceesi s (el afdat REMEPORJUE RN iEIe %@Qeﬁchhée%brﬁrpo& tion
has a spiral flow of 80 cmor nore 20 neasured according to EMM - 1-66

met hod; t hecemppodisiidron in the cured state has a glass transition

tenperature of 150C or higher; and
According to one embodiment of the invention, there is provided

an epoxy resin composition for encapsulating a semiconductor
comprising an epoxy resin (A),
10 wherein the epoxy resin (A) including:
a crystalline epoxy resin (al) having a melting point
of not less than 50°C to not more than 150°C,
an epoxy resin (a2) represented by formula (1), and
at least one epoxy resin (a3) selected from an epoxy
15 resin represented by formula (2) and an epoxy resin represented
by a formula (3),
wherein the epoxy resin (al) is different from the epoxy resin
(a2) and the epoxy resin (a3);
wherein the composition has a spiral flow of 80 cm or more
20 measured according to EMMI-1-66 method;
the composition in the cured state has a glass transition
temperature of 150°C or higher; and
the composition in the cured state has a linear expansion
coefficient of not less than 5 ppm/°C to not more than 10 ppm/°C,
25 at a temperature not higher than the glass transition temperature

of the composition:



the conposition in the cured state has a |inear expansion coefficient of

not |ess than 5 ppm C to not nore than 10, ppm C, 25 at a tenperature not

hi gher than the glass transition tenperature of the conposition: 7 - (Rl)~
(~RR-GCRRV (1) "~ a (R1)~ wherein, in fornula (1), R's, which maybe
the sane or different, represent a hydrocarbon group having 1 to 4 carbon
atons; R2's, which may be sane or different, represent a hydrogen atomor a
5 hydrocarbon group having 1 to 4 carbon atons; and n is an integer of 0 to
6; (Rl) b[O?-O R2-C RMR[2 00 (RU wherein, in formula (2), RI's, which

may be sane or different, sent a hydrocarbon group having 1 to 4
carbon atons; R2's, 10 mh e sane of different, represent a
hydrogen atomor a hydroca&Q roupChaV|ng %1to 4 carbon atons; mis an

integer of 0 to 5; aTgVQ¢!S in |nteger of o 6; (RL)m ~y 0~0

(R1),

wherein, informula (1), Rl1's, whichmaybethe sameordifferent,
represent a hydrocarbon group having 1 to 4 carbon atoms; R2's,
which may be same or different, represent a hydrogen atom or a

5 hydrocarbon group having 1 to 4 carbon atoms; and n is an integer

of 0 to 6;

. R2-G-R2 ° @
:} \\,-*’O"x -~ OV,{JLJ
- oar
R

wherein, in formula (2), R1l's, which may be same or different,
represent a hydrocarbon group having 1 to 4 carbon atoms; R2's,

10 which may be the same of 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;

(R,

POy
Do movﬁ

wherein, informula (3), R1's, whichmaybe the same ordifferent,

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



e e e i

R2-()-R2 0 (3) (R1) wherein, informula (3), Rl's, whichmaybet hesane
ordifferent, 15 represent a hydrocarbon_ggoup having 1 to 4 carbon atons;
R2's, - 8 which may be the same or different, represent a hydrogen atom or
a hydrocarbon group having 1 to 4 carbon atons; and mis an integer of O to
5. According to one enbodinent, the crystalline epoxy resin (al) 5 is at

| east one selected fromthe group consisting of a biphenyl type epoxy

resin, a bi aRESH%ay%ég%gg%QOéxm&eé} Ui el PRt YDEn: DBt B or

di hydr oxybenzené oxXy resin, and a napht ene epoxy resin.
Accordi ng to ,one enhodi the .epo I gsi 1SN . not
| ess than 60 %@% G r%&n”ﬁ%%%p thLégiﬁ?lgSi(\%hoomgb%g‘s%%%o)ﬁtoﬁﬁé tot &l f%ﬁ%ﬂ%#@%?@{ he
epoxy resin %a ) t?e epoxy resin (a2), and the epoxy resin (a3). According
to one enbod n?? he epoxy resin (al) is in an amunt of not |ess than 60
w%to not nore than 95 wt % the epaox 15 resin (a2). is in an amgunt_ of not
os than 25 wt M LOr RS 61 91e RARCSONGRSs tRICT S PBRFR a3 120) n an
anount of not less than 2.5 ww%to not nore than 20 wt % based on the total
amount  of tRedepBast E5ienSEAPTEeE Ner EpSHRF PESHR FaRjistidi ofhe BpoX§ ¥esin
(a3). 20 According to one enbodi ment, the epoxy resin conposition conprises
a phenol reSYRecERPFY LR @EBPISREEBPH hyPt cCRATeY eififddi-menelithenepoyye

resin composition
epoxy resin, a dihydroxybenzene type epoxy resin, and a naphthalene

type epoxy resin.
According to one embodiment, the epoxy resin (al) is in an
10 amount of not less than 60 wt% to not more than 95 wt% based on
the total amount of the epoxy resin (al), the epoxy resin (a2?),
and the epoxy resin (a3).
According to one embodiment, the epoxy resin (al) is in an
amount of not less than 60 wt% to not more than 95 wt%, the epoxy
15 resin (a2) is in an amount of not less than 2.5 wt% to not more
than 20 wt%, and the epoxy resin (a3) is in an amount of not less
than 2.5 wt% to not more than 20 wt%, based on the total amount
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 phenol 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
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conprises an inorganic filler (C. According to one enbodi nent, the epoxy
resin conposition 25 conprises a curing gccelerator (D). According to one
enbodi ment, the epoxy resin conposition has a spiral flow of 120 cm or nore
nmeasured according to EMM-1-66 9 - nethod. According to another enbodi nent,
there is provided a sem conductor device conprising a sem conductor chip
encapsul ated wth the epoxy resin conposition. 5 According to still another
enbodi nment , tE re is provided an epoxy resin conposition for encapsul ating
an area surf& goﬁbunt sem conduct or device, wherein the area surface nount
sem conduct or dﬁvi ce.conprises tg}sem’ 0 ductgr chif mount ed .on

0 3‘ 5

substantial |y ECRF F Dt A VWG ats 1BAREpSHISES my WA 158 Eonposi ti on
for 10 encapsul ati ng a sem, conductor., Accordi.ng to %ti | 1. anot her
enbodi nent , SER&FaN{Y Eﬂ%\?‘?éfé&eA%om%?Jesal%?fsfd‘b‘C??&S‘HF Q&I dhHEEBFUtRVS e,
conprising a sem conductor chip nmounted on one side of a substrate; wherein
the sem condtitRoFRe cPRPbFoHE SOHPOSETERB: substrate i s encapsul ated with
the epoxy 15 resin conposition for encapsul ating an area surface nount
senmi conduct or de®Feerd BR B BESERI PP ONEORMIGE IPRANY NES= ¢ ¢LS ProNsfedaan
cross-sectional view of a sem conductor device 20 that includes an epoxy
resi n conposbbkpnrastivrainmgp tid itche fipresantprsihyleind gim afieg. sRréhgasmaunt
cross-sectional view of a sem conductor device

semiconductor device, wherein the area surface mount semiconductor

device comprises a semiconductor chip mounted on substantially

one side of a substrate by encapsulating with the composition for

10 encapsulating a semiconductor.

According to still another embodiment, there is provided An
area surface mount semiconductor device, comprising 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

15 resin composition for encapsulating an area surface mount

semiconductor device.

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.



of one-side encapsul ation structure that includes the epoxy resin

conposi tion according to the present inveption; and 25 Fig. 3 is a

t hr ee- conponent di agram showi ng an anount of a conponent (al), a conponent
(a2) and a component (a3) in an epoxy resin (A) in Exanples and Conparative
Exanmples. - 10 BEST MODE FOR CARRYI NG OQUT THE INVENTION It is provided an
epoxy resin conposition for encapsul ating a sem conductor conprising an
epoxy resin (A), wherein the epoxy 5 resin (A including; a crystalline
epoxy resin (al) having a nelting point of not |ess than 50C to not nore

t han 150C, an resi 8% i r t formula (1), and at | east
one epoxy r@%?ﬁqgﬁééf%%eﬁé g &?r§ﬁ$gﬁﬁ£b@§§£ﬁg3Wn represented by a formula
(2) and an epoxg resin represented by a formula (3), 1% wherei n the .epoxy
resin (al) is differeREOVLioRTtHe PNy TREET FORRLALERE tRE YHFRP tR9(al3);
wherein the conposition has a spiral flow of 80 cmor nore nmeasured
accordi ng td FWNICONBEtRE ROEPT I Hd'T GifpBBPEY ofe$H! t (e rctiPBBS 5B athe 1RRO=Y
glass transition 15 tenperature of 150C or higher; and the conposition in
the curéd stesin HAs indliuddas; expanstahl inveppxiirestnofalnohayss atiedit i99ppnt C
to not nore than 10 ppmC, at a tenperature not higher than the glass
transition pehpercdt npe lefs thencohpodiot noh. mAwcshdnnk®? &/t ha ppesemesin
invention, it can 20 be obtained a resin conposition having high flowability
and | ow sti&3s ggnersEnted pyopefoymulaubl )recducedtf laestatn®epakwargsin
occured during the manufacturing process.
(a3) selected from an epoxy resin represented by a formula (2)
and an epoxy resin represented by a formula (3),
10 wherein the epoxy resin (al) is different from the epoxy resin
(a2) and the epoxy resin (a3);
wherein the composition has a spiral flow of 80 cm or more
measured according to EMMI-1-66 method;
the composition in the cured state has a glass transition
15 temperature of 150°C or higher; and
the composition in the cured state has 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 composition. According to the present invention, it can
20 be obtained a resin composition having high flowability and low
stress generationproperty, thus reduced fluctuation inwarp occured
during the manufacturing process.
Hereafter, each of the componentswill be described indetails.
According to the present invention, it is preferable that
25 the epoxy resin (A) includes a crystalline epoxy resin (al) having

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



Hereafter, each of the conponents wll be described in details. According
to the present invention, it is preferablg that 25 the epoxy resin (A)
includes a crystalline epoxy resin (al) having a nelting point of not |ess
than 50C to not nore than 150C, an epoxy resin (a2) represented by formula
(1) as shown below, and - 11 at |east one epoxy resin (a3) selected froman
epoxy resin represented by formula (2) as shown bel ow and an epoxy resin

represent ed oy Jaral égég%ragiw%wg)&elegw ed¥ 4 42dod %aggﬁr%gqggeﬁg(g%(a')

IS dlfferent rom onen conpon oug t he
amount of the en gadg t he .c a % t h ? §a3)
i's not spec% |%§FFVT 0 qow%kﬁﬁé ag ?X¥héﬁ?6h§b ent%rﬂ?g )b
an anount of_ not t han 60 wt%.t o not nD F w% the. c
(a2) is in ﬁrgwéﬁnﬁ%bfaﬁo?h?‘@%sbetlt?éfh frgv\hfi@/d %50&1%9%33 ﬁ]t28nw)(ylsand
t he conponent (a3) is in an amount 10 of_ not gss than 2.5 Wbto not nopre
than 20 wt % l§§§é&n6nfli%th?&Pﬁ‘P08ﬁBEn‘tazdf apfé 809%‘&5??&%“% 53 - t ke TEEHBBnent
(a2), and the conponent (a3) . By using the such conponents in the amount
within ¥ or &§6iaRpUdmfet he FepRefi el k eERACEBRPORTE { 8f) nB)d RAGECHPRPGAT
flowability and | ow stress generation property, thereby it would 15 be
possi bl e to (egdueenoespect af £ylinlinétadnditada RFHRy Fricceaat the coRecareh
surface nmount sem conductor device, fluctuation in warp under room
t enper at ur e (@Y eisean ham)famd\mtstOépQOtr bas s hidhareH0nwténtapselt ardngy thent Re
surface nmounting, and to reduce warp under the high tenperature during the
sur f ace nountti*ng theocesgen@t Alatiodghinnay apenage ofahdt opess RUlHN €abi ohs
No. H6- 239970, it is disclosed that the conponent (al) and the conponent
(a3) are to not more than 20 wt$%, and the component (a3) is in an amount
10 of 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). By using the such components in the amount within
foregoing range, the obtained resin composition may have a high
flowability and low stress generation property, thereby it would
15 be possible to reduce, especially in the manufacturing process
of the area surface mount semiconductor device, fluctuation in
warp under room temperature after each of the steps from the resin
encapsulating to the surface mounting, and to reduce warp under
the high temperature during the surface mounting process.
20 Although in Japanese Laid-open Publication No.H6-239970, it
is disclosed that the component (al) and the component (a3) are
used in combination, increasing the ratio of the component (al)
in order to obtain sufficient flowability leads to reduced Tq of
the cured resin composition because in this case the component
25 (a2) is absent, thus failing to attain sufficiently low stress

generation property, in particular, sufficient reduction in

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



used in conbination, increasing the ratio of the conponent (al) 1in order to
obtain sufficient flowability |leads to _reduced Tg of the cured resin
conposition because in this case the conponent 25 (a2) is absent, thus
failing to attain sufficiently |ow stress generation property, in
particular, sufficient reduction in fluctuation of the warp. On the other
hand, increasing the ration 12 of the conponent (a3) in order to attain

| ower stress_generation r ty, in particular, favorable reductiqn in

1 uct uat | orOBINe [ETRRPE FeAR) 11! AEGEEEE L TorAdiq ey SF FoPhE BATe I at i ng
process, thereby prqvoking.defects such as short nDId_ang%gold W re sweep.
5 Sinilarl ypraPeHo(gh wafapsness  LARMRHHRIE PRSI atNor NIRRT jt i s
di scl osed that the conponent (a2) and the  conponent (a3) are used in

conbi nat i onthe¢ Haradsasse: ofeghadedaponeht L1 tain Ghe erfapLHSE IPgRILC IS S
degraded flowability, which is especially disadvantageous for manufacturing
t he area subfeeebypnevokdngeds teriducieh packuygd, MPAdwE FotReW e crieep -of
the gaps to be encapsulated are very narrow. Al so, conpared with the case
that a 9i phenyl SigparEpoxe itésiugh anbispheest Lajseapeoxyubéstatieanstil bene
type epoxy resin, or a di hydroxybenzene type epoxy resin which contribute

t o reduci ngNel B&t21C14Ab ,atithiigh dienpesad urleati Shesedmpendbtt a2 carpbrgrt (al )
along with the conponent (a2) and the conponent (a3), a conposition

conpri si ng eahyoridre: ¢aBpaentised agd)coamd neadpn, e alvs@axcessithel gorpagient
elasticity at high tenperature, which leads to increased warp under the

hi gh tenper atuy enditisNga sba il @5 8eg PBAEH FNEWED OTESE, wEOBS aguaiddialtie

sem conductor device incurs 20 a warp when perform ng the soldering on a
circuit subgtsad®arhgeous for manufacturing the area surface mount
10 semiconductor package, in which the majority of the gaps to be
encapsulated are very narrow. Also, compared with the case that
a biphenyl type epoxy resin, a bisphenol type epoxy resin, a stilbene
type epoxy resin, or a dihydroxybenzene type epoxy resin which
contribute to reducing elasticity at high temperature is used as
15 the component (al) along with the component (a2) and the component
(a3), a composition comprising only the components (a2) and (a3)
has an excessively high elasticity at high temperature, which leads
to increased warp under the high temperature during the surface
mounting process. Consequently, the semiconductor device incurs
20 a warp when performing the soldering on a circuit substrate on
which the semiconductor device is mounted thereby impeding 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



whi ch the sem conductor device is nounted thereby inpeding a nunber of
sol der balls frombeing formed on a flat jpj ane such that the solder balls
is lifted fromthe circuit substrate on which the sem conductor device is
nount ed, and thus degrading the reliability 25 in electrical connection.
The crystalline epoxy resin (al) having a nelting point of not |less than
50C to not nore than 150C used in the resent invention 13 contributes to

| noreasing Lhig £howabil{sy: of 48 6neRRSYh BLLAGL { (P tHl dhiaBLeisrabl e
that the anﬁ%ﬁtt%w? % %orrlponreer?t% (ngln) i S no% Tge}ssftCLan 60 Wt &)Bto not re
than 95 wt % __based on the taotal . .anmpun ,?kt‘ t he n e onent
(a2), and tﬁgstJfSeroﬁ%ths ?r(%?)r?bé%ﬁﬁ%% he armacfuﬁ%n%& ?ﬁé %%lnn%%%éerbn% fa;ﬂﬂ? in
t he foregoin ra eabovvs ecyrin uf ficient gllsov%bigit even en
enpl oyed f&g rP‘P\EnJ%rSeSa‘L' ﬁ?f%ozé{%ﬁnﬁ%%oze??%%n% patk Ségfinoﬂﬁihg\a@?ﬁael
majority of the gaps.to be encapm at eg‘ are ver n?%i'ow. Th epOXé resin
(al ) accor deRGURS ThéDBreTEMnehy eht § ohNPeFRIRONE ly EPYstE FPRBORHxyY
resin having a nelting point of not less than 50C to_not nore than 150C, in
the absence (@)t heStdnpbhdhe Teh29 ahdtRRCTHABGREN(ALA3)ID The EPFRIUNG ne
epoxy resin refers to an epoxy resin that exhibits a crystalline property
under room reagpepatare JZHCiNdapdl Bl ptom ddevabéat iy e ¥R ebrn smphayed he
15 epoxy resin attains, despite being a solid resin under room tenperature,
| ow vi scosi tfprdihe d zga sor igngneintas ¢Migehdudior ke gems] wikkch the nelighl the -
viscosity of the crystalline epoxy resin is not specifically Ilimted, a
pref erabl e dngbeofaphetebe aricsgosiliyedapre50€ry snarrange bet ween 0. 01
poi se and 0.50 poi se, when neasured
The epoxy resin (al) according to the present invention refers
10 to a crystalline epoxy resin having a melting point of not less
than 50°C to not more than 150°C, in the absence of the component
(a2) and the component (a3). The crystalline epoxy resin refers
to an epoxy resin that exhibits a crystalline property under room
temperature (25°C), and a prominent feature thereof is that the
15 epoxy resin attains, despite being a solid resin under room
temperature, low viscosity similar to that of a fluid resin once
melted. Although the viscosity of the crystalline epoxy resin
isnot specifically limited, apreferable range of themelt viscosity
at 150°C is a range between 0.01 poise and 0.50 poise, when measured
20 with an ICI melt viscosity meter. Examples of the crystalline
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. Among 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



20 with an ICl nelt viscosity neter. Exanples of the crystalline epoxy
resin having a nelting point of not Iegslthgn 50C to not nore than 150C

i ncl ude a bi phenyl type epoxy resin, a bisphenol type epoxy resin, a

stil bene type epoxy resin, a dihydroxybenzene type epoxy resin, and a
napht hal ene type epoxy resin. Anmong them 25 the bi phenyl type epoxy resin
and the bi sphenol type epoxy resin are preferable fromthe viewoint of

f1 owabi | i t |l es of the | ud lycidyl -
12”0t her " BRI 21 ity ﬁaiﬁyﬁf%w Spyr st tnelude @ gyetdy

4, 4' - di hydr ox tetra hyl bi phen
4,4 -di hydréxé Bd%hycg'i?)@’f 13 a?ryg?Ettr’ tStEam 1%lkl“ﬁ(a]tk?fgﬂkkﬁ“@’l*]renyI
2,2'-di hydroxy-3, 3' -ditertiarybutyl -6, 6'-di methy Ib%grené
4, 4' - di hydr 6)(9 201y AR A %ﬁﬁﬂlgrylsutm Hethyl m}Plphenyl
4,4' -di hydroxy-3,3",5,5" -tetratertiary butyl bi phenyl (|nclud|ng an isomer
thereof wit R, & odilydeany Subsriditershappanty 6|-nﬂm]§észlléapafenyl
4,4' -bi s(2, 3-epoxypropoxy)-3,3',5,5 -tetranet hyl bi phenyl is 10 preferable,
fronlthéiviéw@bf@ihzdr¢Xxwﬁﬂﬂ3ﬁﬂ@}teEkaﬁpYQQtzﬁ—iMéybﬁbﬁﬁéh@ﬂbﬂpb@nbboxy
resin include a glycidyl ether conpound of
4, 4" - met hyl épébts{RydmidyAPpENGI, p, -téf dat et et eriebiyd (2 phediy fret hyd ondingd ) |
4, 4" -met hyl enebi s(2, 3, 6-trinmet hyl phenol ), 15
4,4' -et hyl i denebosd 2, thaligwet hyltphandlii fferent substitution position). 1In
4, 4" - (I -met hyl et hyl i dene) bi s(2- net hyl phenol ),
4, 4" - (1- met pyketbyladene) bi s(2, 6-di met hyl phenol ),
4,4" - (1-nmet hyl et hyl i dene) bi s[ 2- (1- et hyl et hyl ) phenol ],
4,4" -bis (2, 3-epoxypropoxy)-3,3’,5,5" -tetramethylbiphenyl is

10 preferable, from the viewpoint of flowability.

Examples of the bisphenol type epoxy resin include a glycidyl
ether compound of 4,4’ -methylenebis(2-methylphenol),
4,4’ -methylenebis (2, 6-dimethylphenol),
4,4’ -methylenebis (2, 3, 6-trimethylphencl),

15 4,4"-ethylidenebis (2, 6~dimethylphenol),
4,4"-(1l-methylethylidene)bis(2-methylphenol),
4,4'-(1-methylethylidene)bis (2, 6-dimethylphenol),

4,4’ -(1l-methylethylidene)bis[2- (1-methylethyl)phenol],
4,4’ -bis(2,3-hydroxypropyloxy)-2,2’-dimethyl-5,5’-ditertiarybu

20 tyldiphenylsulfide, 4,4’-dihydroxydiphenylsulfone, and
bis[4- (hydroxyethoxy)phenyl]sulfone. In particular,
2,2"'-bis[4-(2,3-epoxypropoxyphenyl) ]propane and
bis[4-(2,3-epoxypropoxyphenyl) Jmethane are preferable, from the
viewpoint of flowability (low viscosity).

25 Examples of the stilbene type epoxy resin include a glycidyl

ether compound of

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



4, 4" -bi s(2, 3-hydroxypropyl oxy)-2,2'-dinmethyl -5,5" -ditertiarybu 20

tyl di phenyl sul fi de, 4,4'-dihydroxydiphgn*%sylfone, and bis [4-

(hydr oxyet hoxy) phenyl] sulf one. In particular,

2,2 -bis[4-(2, 3- epoxypr opoxyphenyl )] propane and

bi s[ 4- (2, 3- epoxypropoxyphenyl )] net hane are preferable, fromthe viewpoint
of flomability (low viscosity). 25 Exanples of the stilbene type epoxy resin
include a glycidyl ether compound

3-tertiar y%lJtt)?lri2aﬁybHF]ﬁ§'d4o4<y dBlhySﬂr%‘Yt S met h§TEEi199dne stilpsne,
3-tertiarybutyl-4,4"-dih drox -3',5',6-trinmethylstilbene,

3- tertlaryﬁhﬁﬁﬁi4a£ybﬁth¥ )FQ¥hM?Q?X¥rﬁ|m§tﬁ rs¥imejdnestilbene,

4,4' -di hydroxy-3,3"',5,5" -tetranet hyl stil bene,
4,4'-dihydﬂoﬁyrgiﬁyddbxérﬁi%ﬁybdfyﬁfﬁﬁﬁﬂeﬁhméﬁhyl@Qmﬂbene, 5

2,2 -di hydroxy-3,3" -ditertiarybutyl -6, 6'-di nmethyl stil bene,

2, 4' - di hydriox¥y-8iByddbker8i Arybittedt-igrgbudiyireth¢! sdindtdng,stilbene,

2,2 -di hydroxy-3,3",5,5 -tetranet hyl stil bene,

4, 4" - di bydroxy—-3,i8yddbker 8 ) & ydittemdt-imrybudiyire 6 hgl sdindtdnd stdilbehedi ng an

i soner thereof with a different subs titutionposition). 10 Exanples of the
di hydr oxybenzengihypeogpoxy3 r-esitetticiydatya-g| gcidimetatient idbrpeynd of

2, 5-di (n-butyl)hydroqui none, 2,5-di(tertiarybutyl)hydroqui none,

2, 5- di pent y hydiaaybnrere.3, 2, 5 dihextlyétagusnonsene,

2,5- dlheptylhydrqu|none 2, 5-di octyl hydroqui none, 2, 5-di nonyl hydr oqui none,
and 15 2, 54ﬂMﬂe@Mh@H§6Q9UBr@”“ﬁléé%%ﬂﬂﬁ?%qultBGSnE@HﬁéﬁHyyy%ﬂIb@%eepoxy resin
i ncl ude a egC|dyI et her conpound of 6 hydroxynaphthalene

(includinganisomer thereof withadifferent substitutionposition).

10 Examples of the dihydroxybenzene type epoxy resin include
a glycidyl ether compound of 2,5-di{n-butyl)hydroquinone,
2,5-di(tertiarybutyl)hydroquinone, 2,5-dipentylhydroquinone,
2,5-dihexylhydrogquinone, 2,5-diheptylhydroquinone,
2,5fdioctylhydroquinone, 2,5-dinonylhydroquinone, and

15 2,5-didecylhydroquincne.

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

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

20 According to the present invention, the epoxy resin (aZ2)
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).



The foregoi ng conpositions may be used alone or in conbination of two or
nore thereof. 20 According to the presen&ﬁinvention, the epoxy resin (a2)

represented by fornmula (1) as shown below’is essential conponent for

attaining both of the flowability of the encapsulating resin and the |ow
stress generation property, especially the warp characteristic of the area
surface nount sem conductor package. 25 It is preferable that the anount of
t he conponent (a2) is not less than 2.5 w%to _not nore than 20 wt % based
on the totalSedtdnst thef rekéo cohpbife oRaNent Hé2¢ orPohBAt TPESIOL N F P RE
conponent (a3). 16 Setting the ratio of the conponent (a2) in the foregoing
range al | owslathiashileyias ept PRELN®AI R e bire@sePhEne| hariPi it ot the
encapsul ating resin and the | ow stress generation property, especially the
war p char actlee istdapsofl atiagareaisuafidcdiamolan S8 resgi gendaet oen pacdksgd.y The
epoxy resin (a2) represented by formula (1) has high crystallizing
property, amsbadierldfyortdeeweesschapanter pftiheofcdingonert ca2fate omurte
foregoi ng range | eads to degraded solubility during the manufacturing
process 5of $drei c@asiutteoanposkdden, The kpexyasiditt (g2 ) mepaebanted byurt frorla y
preparing the resin 10 conposition. (RUR2-CGR2 O(,) a (Rl) wherein, in
formula (1) (1Rhes hwhhcbryeya bei 1iey paoeeot ydi diererire forepersend amount
hydr ocarbon group having 1 to 4 carbon atons; R2's,

of the component (a2) from the foregoing range leads to degraded
solubilityduringthemanufacturingprocessof theresincomposition,
thus resulting in failure in uniformly preparing the resin
10 composition.
(R1)

00~

R2-G-R2 (1)
OD‘VO\@@
(R1),

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
of 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 representedby 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



whi ch may be sane or different, represent a hydrogen atomor a 15
hydr ocarbon group having 1 to 4 carbon_a&gng; and nis an integer of O to 6
According to the present invention, at |I'east one epoxy resin (a3)
selected fromthe epoxy resin represented by fornula (2) and the epoxy
resin represented by formula (3), contributes to increasing 20 the | ow
stress generation property, thereby reducing the fluctuation in warp of the
area surface nount semnm conduct or package. It is preferable that the anount
of the conp&A@PRNgRBYatl hBE CEESTERANC2D 2R HHe GORBPNRDE d 2Phan - Mt
based on the total anmount of the - 17 conponent (al), the conponent (a2),
and t he conpensatieadhsaomprgent ey dnitdoforeme duhpin L (P PisraHay
foregoing range allows preparing an epoxy resin conposition having
excel | ent | yah @mogyressingeeiep e ditoren paoped eyceAleot 1y dovisig asiedensdatg amat i o
of the conmponent (a3) 5 in the foregoing range contributes to increasing the
gl ass transptropertyenpésat usetoing Henec mnied ngesihiconposlie i omparteertedy3)
obtaining a resin conposition with reduced fluctuation in warp under room
t enper attur eimtherf ceaghiof rihgestoaps ibnoas ttel measas iegddesyl &td trang it itdne
surface nounting in the manufacturing process of the area 10 surface nount
sem conduct pempkera toese arfd theduaeddwas i unaewpddie i oni, glhteaper abta enidiy iang
t he surface nounting process. (Rl)~ (Rl R2-c-R2 0 (2) wherein Ri's, which

may be the sagen oforffddiarient witBpregeséd af limdraacanbon gaeppula@yt Ngbdmto 4
carbon atons; R2's, which may be
temperature after each of the steps from the resin encapsulation
to the surface mounting in the manufacturing process of the area

10 surface mount semiconductor device, and reduced warp under the

high temperature during the surface mounting process.

R2-G-R2 ° 2

")

wherein R1's, which may be the same or different, represent a

hydrocarbon group having 1 to 4 carbon atoms; R2's, which may be
15 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.

R1),

P m/\q @
b\/"f@@«o\/{l

wherein R1's, which may be the same or different, represent a



15 the sane or different, represent a hydrogen atom or a hydrocarbon group
having 1 to 4 carbon atons; mis an integer of O to 5; and n is an integer
of 0to 6. h (ROmMmR2-CR2 (3) (Rl) m rein Ri's, which may be the sane
or different, represent a - 18 hydrocarbon group having 1 to 4 carbon
atonms; R2's, which may be the sanme or different, represent a hydrogen atom
or a hydrocarbon group having 1 to 4 carbon atons; and mis an integer of O
to 5. Additionally, the epoxg resin represented by formla (1%, 5 the epoxy
resin repr REHERHFIRP GERUPaNE2ING andFt AeCopoRy FE8si Rrefr e¥lhtdnayy Pe
formula (3) maybe obtai ned, for exanple, by reacting (3-naphthol,

2, 7- di hydr oxyn &sHehar ehel L torfRFEERYEHE hVHEPIERA T QT OLeA Y HFORIPRS ¢
catalyst or an acid catalyst, for 0.5 to 30 hours under a tenperature of 30
to 100C, angreubjhectingglt he dbeailred atemsr odndtmtis ginydindgpernefid ittati-on.
The ratio of the epoxy resin represented by fornula (1), the epoxy resin
represented by figantiznald)y, ahe thexgpoxyim esinreasepmtesiebyedobyuiar Mila (3)
can be adjusted by varying the nole ration of the (3-naphthol and the

2, 7- di hydr oxtydagitixyalrenen rébrésentdd ngy tionrhd apr(@sentndnveatemrky amsiot her
epoxy resin nmay be additionally enployed, as |long as the advantage of

enpl oyi ng téerammeneny foahhlat (B0 soppengitaina) , fandxbhel € pbparenit ia3)

i n conbination remains undil uted. Exanples of the epoxy resin
B-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

10 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 P-naphthol and the
2, 7-dihydroxynaphthalene.

15 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 component (a3)
in combination remains undiluted. Examples of the epoxy resin
that may be added include, but are not limited to, a novolac type

20 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

25 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 epoxy resins



that may be added include, but are not Iimted to, a novolac type 20 epoxy
resin, a phenol aral kyl type epoxy resin H ving a phenylene structure, a
phenol ar al kyl type epoxy resin having a bi’phenyl ene structure, a naphthol
type epoxy resin, an anthracene type epoxy resin, an alkyl-nodified

tri phenol net hane type epoxy resin, a triazine nuclear-containing epoxy
resin, and a 25 dicycl opent adi ene-nodi fi ed phenol type epoxy resin. Wen
enpl oying any of these epoxy resins, it is preferable that the anmount

t hereof i susedwtlmscrugceoshpaYEEe ot Ve SCoBalt YafbuHte sorRsithendpRs§Me%esi ns
19 used, because otherw se the viscosity of the conposition beconmes higher
during the khehpsdating theocasspsuhatehy rReQreth ngheFebyf Hegapaing yther om
the viewpoint of the reliability against noisture of 5 the resin

conposi ti onflovalkehcapsul ati ng a sem conductor, it is preferable that the
epoxy resin is as free as possible fromionic inpurity, such as Na ion or

Cl ion, and fronftbe vhewicwroioft odr abel réyjiabilitis gyeaefmeitabloesthae the
epoxy resin has an epoxy equivalent of 100 to 500 g/eq. 10 The phenol resin
curing a&genthéByesisetonpddie iphesent ehoxeatloni ngrey demithosaecconyeniti omal |y
used for the encapsulating material. Exanples of such agent include a

phenol novopasreeshle thatl €66lepdIOV@edGnr €Sids faecdi gy adapeMladifens- toehid | ed
phenol resin, a terpene-nodified phenol resin, a phenol aralkyl resin

havi ng a 15ippepyt ¢neush BYNEUIER) 0:2C PRBAYandrfadddhd esdwbdia sgcardb pheny| ene
structure, a sul phoratom containing phenol resin, a naphthol novolac resin,
a napht hol af al kylp¥esiaaviAge a phepd:6ne St hURLYI & ¥y equivalent of

100 to 500 g/eq.

10 The phenol 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

15 phenylene structure, a phenol aralkyl resin having a biphenylene
structure, asulphoratom-containingphenol resin, anaphtholnovolac
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.

20 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 (OH) of all the phenol

25 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



a napht hol aral kyl resin having a bi phenyl ene structure, which may be

enpl oyed al one or in conbination of two or nore thereof. 20 Preferably, the
rati o of the total amount of the epoxy Tedins enployed and the total anpunt
of the phenol resin curing agents which are used in the present invention
is adjusted such that the ratio of the nunber of epoxy groups (EP) of al
the epoxy resins to the nunber of phenolic hydroxyl group (OH) of all the
phenol 25 resin curing agents (EP/OH) is in the range between not |ess than
0.6 to not mipowet hahods Spreehtiove degebdrabby bet ererd oty exfs thehgroRy 8 t o
not nore than 1.3. Setting the equivalent ratio as 20 above all ows
preventing degriadabtinposinicur aBilkpt ysettime Bporeguiredientcoaposi &% ool so,
setting the equivalent ratio as above allows preventing degradation in

gl ass transidlilomst prpesmat i degratat sburin rdsisst anaasof i vhe oyreard tepexyr
resin conposition. 5 Exanples of the inorganic filler (C that may be used
in the presialstufeents st amed uske tdhesedrstl epaxy sphein cadmsidiitdan.
crystalline silica, alumna, silicon nitride, and alum numnitride, which

are conventional ek ppREoye ther ihBegentapsuliatid ng) Mt £d indly: beldisd® in the
preferable that the dianeter of the inorganic filler (C 10 is not |ess than

0.01 pmto ngtdmmie;hhant IGOPMciRMAREqVEeWeL Nt spwér ide fdililiag property.
Preferably, 'the content of the inorganic filler (CS is not |ess than 80 wt%

to not mregri}ﬁ@(@aggi%" 11889 é@ﬁrﬁn@r,@iqri%lnynjfrgidee,s§n& N30 BAudh 1 ¥4 Qe NOt
9

nore than 90 ase on fhe total anount of the ‘epoxy resin conposition.

setting the . dndh X 0¢. %in?,i%awg é@%g%ﬁi fol Ilebnlbd @22 ERRY BalLLOXE
g the warp of the cured epoxy reésin conposition, and reducing the
It is preferable that the diameter of the inorganic filler (C)
10 is not less than 0.01 pm to not more than 150pum, 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 84 wt% to not more than 90 wt%, based
on the total amount of the epoxy resin composition. Setting the
15 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
20 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

25 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



wat er absorption. Al so, setting the mxing ratio of the inorganic filler
(C as above allows attaining excellent sol der resistance w thout reduction
in strength. Setting the mxing ratio of 4lhe 20 inorganic filler (C) as
above further allows attaining excellent noldability w thout degradation in
flowability. The curing accelerator (D) which may be enployed in the present
i nventi on maybe any accel erator that accelerates the curing reaction

bet ween the epoxy group of the epoxy resin and the phenolic hydroxyl 25
group of thé5pﬁe&blum@%¢€m€tﬂr/i Pg Jagent PhQEEhoést?ﬁfgéoé@t%ﬁ?i 8Hal §5 used
for the encapsul ating material. Exanples of such accelerator include am ne
conpounds sbchpasnyIphraniiiae aadandt 1apBeny bpkdirharlism tetrgphepylborate
undecene-7, organi ¢ phosphor-based conmpounds such as triphenyl phosphi ne and
t et r aphenyl phbsphodidarbéerapipenydboratieas aimet hydiinadat el €oapouriden sath, as
2-met hyl i m dazol e, an oniumsalt, or the Iike. 5 The epoxy resin

conposi ti onoctothentapsul ati ng a sem conductor according to the present
invention may optionally conprise, in addition to the foregoing materials,
various mddi ti veshéergoxdi figsiracbhpoei t bafdandnciciulas ibyarssat ednepoxyr
resin, antinony trioxide, alum num hydroxide, magnesium hydroxide, zinc

bor at e, zi ncapBby®HRG €50 hOpriRResphazesrt i an Nad Wradt Mk 19yChoapr Ca& patba
wax, a synthetic wax such as polyethylene wax, a higher fatty acid such as

stearic achddofidh NG $hearstegdty andtirdla1sa! bathehi£dAr iderDE c1edpase
agent such as paraffin; a silane coupling agent such as epoxysil ane,

mer capt osi | 8. 0sidAtesud K¥ Ibtich@ng e U HQSH 4 AN, aRf irdonyE PYbRidane, a
coupling agent such as titanate coupling agent,
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
coloringagent suchascarbonblackorbengala; a low-stress component
such as butadiene rubber, acrylonitrile modified butadiene rubber,
silicone 0il, or silicone rubber; and an inorganic ion exchanger
20 for reducing ionic 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 and mixing 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.



al um num coupl i ng agent, al um nuni zirconi um coupling agent; a coloring
agent such as carbon bl ack or bengala; a | owstress conponent such as

but adi ene rubber, acrylonitrile nodi f i €d 4fut'adi ene rubber, silicone oil, or
silicone rubber; and an inorganic ion exchanger 20 for reducing ionic
impurity. The epoxy resin conposition for encapsul ating a sem conduct or
according to the present invention may be prepared by uniformly mxing the
components (A) to (D) and other additives under normal tenperature with a
m xer or the |ikét helpFeakeratdanitliatg thiee epexyl ¥edl R5oRbasiitd oy faTheat i ng
roll, a kneader or an extruder, cooling and crushing the resultant, and
optional | y adiapsihgtimeia sdingpendilohor greddroiali ot Yhamt asieat| iikeentpon | ¢
is preferable that the epoxy resin conposition for encapsulating a

sem conduct basaxceidiahgf tav bie8 proasentmadrevead $\ored hasocadspg rial EMMdwl 066 80 cm
or nore neasured according to EMM -1-66. Setting the spiral flow in such
range al | owssptevgntihegseed gegnee bn afudtet #ods aduoh sasrshartimpete agehgol d
Wi re sweep, in the encapsulation process of the sem conductor packages in

gener al .5 Mobe quretesalich as §her€RoXy ahesiol deameasiddonid Ohe encapsul atiag a
sem conductor according to the present invention has a spiral flow of 120

cm neasur egraeess drMghd 8elMdbndubbor PEELAGEs t ReyesRirzal. flove bResychp 1P,
range all ows preventing enmergence of defects such as short nold and gold

W re sweep, t@¥eBpbRyt Aes BNCARPH AR BHRCERSa®duldte R @A schtbasgcABLNt
sem conduct or package in which the majority of the gaps to be encapsul ated

are very nanteWrdfhsOro e 8RQOE eI nRent 9BROSAS | PN 192 1€Hq RSBl bAg-R
sem conductor according to the
measured according to EMMI-1-66. Setting the spiral flow in such
10 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
15 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),
20 (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
25 more than 10 ppm/°C enable attaining excellent low stress generation

property, and thereby reducing, especially in the manufacturing

process of the area surface mount semiconductor device, fluctuation



15 present invention in the cured state should have a glass transition
tenperature of 150C or higher, and a |inear expansion coefficient of not

|l ess than 5 ppniC to not nore than 10 ppAfC at a tenperature not higher
than the glass transition tenperature of the cured epoxy resin conposition.
Enpl oying the three types of epoxy resins (al), 20 (a2), and (a3) in

conbi nation, setting the glass transition tenperature of the cured resin
conposition at 150C or higher, and setting the |inear expansion coefficient
of the cur el r'edfh UK Fsrm SAMREL ALY ur@RoLthFgRe L8R 1M tYfass
transition tenperature thereof in the range of not less than 5 ppnmiC to not
25 nore t hakedn pPraedabienatpaf e ngiebad Mnting, s pRessheerfsratinsier
property, and thereby reducing, especially in the manufacturing process of
the area suhigicetemnanatewe cumndnet bre dudd face MAQuEttdagi BRO28SSin war p under
roomtenperature after each of the steps fromthe resin encapsulation to
the surface nounféthpdand saie ingriphaingeral Hilgh ¢cleampertatnisg iduwrf hhetiesin
surface nounting process. Methods of setting the spiral flow characteristic
of the rsesi comboionpos ialcicomdang ot i EM)I -3 -BMVR £ 18 @ 6crato rf8Bloch, osetoirey thet t i ng
the glass transition tenperature of the cured resin conposition at 150C or
hi gher, andgs£és imghridie ildnneampexpanse onf odef fduicentrestin thepesitteibrr esi n
conposition at a tenperature not higher than the glass transition

t enper at ur e1 § frer @ef hi ghthe drangetefingothbessnddareHandippMmtéef £i dlbrtotofnor e
than ppm C include adjusting the mxing ratio of the conponent (al), the

conponent (gid ,cidid 1Re i60aPePesti Ak, aWhkePe BiCuidaRShegheal tiemoerent s,
and the mxing ratio of the inorganic filler (C, or the |ike.
glass transition temperature thereof in the range of not less than
10 5 ppm/°C to 10 not more than ppm/°C include adjusting the mixing
ratio of the component (al), the component (aZ), 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
15 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 on 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,
20 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,
25 a diode, a solid-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



A nmethod for manufacturing a sem conductor device by 15 encapsul ating a
sem conductor chip with the epoxy resin ggnposition of the present
invention may includes, for exanple, placing a lead franme or a circuit
substrate or the like on which the sem conductor <chip is mounted in a
cavity of a nold, and curing and nol ding the epoxy resin conposition using
a techni que such as transfer nolding, 20 conpression nolding or injection

nol di ng. Although the senjconductor chij that c be .encapsul at ed t he
resin conpositGonr Zc8BRdi it &3€ égﬁrgégﬁk’Fh§@ﬁ?£6ﬁﬁ§ﬁ'e ot %%%c$¥#¥ally
limted, include_an integrated circujt %IC ..a large-scal e integrated
circuit (LStypmald qutdndiesioreadeq Ryriad r(,S%JQS aatfa%‘gaﬁt,afg oySlitgehastke ge
i magi ng device and the |ike. The sem conductor_ device according to the
present invER®RN 3 rdiizdesad ddal PACki®R P&iifdge 3 BRPF CahrpFaftid%aded
chip carrier - 24 PLCC), a quad flat package (QFP), a small outline
package (SOFJCP) aaskall @tidiateay- |(Baled patrgecesanackage HFRPs e Ithe
outline package (TSOP), a thin quad flat package (TQFP), a tape carrier
package 5 (TCPye, kuthbaldt dei dimita¢ tBGA), a chip scal e package (CSP) or the
5 like, but not be limted to. The sem conductor device which has been
encapsul at ed t hr duglsentikentinanst etenipladivhiclphesebsenrendagsiilkéefist vmghet el y
cured as it is, or under a tenperature of 80C to 200C, over a period of 10
m nut es t o e hotHrss feanchotibiengnpunteds onr arheellaedder dsi corglepaentcurdd ars t he
like. Fig. 1 is a cross-sectional view of a sem conductor device wusing the
epoxy resini€oigosint ndrHeacsotchmgrdtuddhefppesSento i 2008, i oer a period of
10 minutes to 10 hours, and then mounted on an electronic equipment
10 or the like.
Fig. 1 is a cross-sectional view of a semiconductor device
usingthe epoxy resin composition according tothepresent 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
15 anda lead frame 5 are connected via a goldwire 4. The semiconductor
chip]_isencapsulatedwitheacuredencapsulatingresincomposition
6.
Fig. 2 is a cross-sectional view of a semiconductor device
of one-sideencapsulationstructureusingtheepoxyresincomposition
20 according to the present invention. A semiconductor chip 1 is
fixed on a substrate 8 via a cured die bond material 2. An electrode
padof 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
25 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 of the substrate 8.



A sem conductor chip 1 is fixed on a die pad 3 via a cured die bond
material 2. An electrode pad of the sem conductor chip 1 15 and a |ead frane
5 are connected via a gold wire 4. The“séri conductor chip 1 is encapsul at ed
with a cured encapsulating resin conposition 6. Fig. 2 is a cross-sectional
view of a sem conductor device of one-side encapsulation structure using
the epoxy resin conposition 20 according to the present invention. A

sem conductor chip 1 is fixed on a substrate 8 via a cured die bond materi al
2. An el ectrode Fpad 3fishe Serecowiponent ciiipydammhcaring @ékidder Py on
the substrate 8 are connected via a gold wire 4. Only the side of the
substrate 8fohheiaipdrestsdmleonduetanmpomieptl (28) nouhttde cempotapsulatled 25
with a cured encapsul ating resin conposition 6. The electrode pad 7 on the
substrat e 8ihsthatepoxgl kgstonffect adcbod ing daéhebakdmp 3 pradi cecbaors ttihe

non- encapsul ated surface of the substrate 8. 25 Fig. 3 is a three-conponent
di agr am shoekagpmexi nFikat 303ncdfidéep popaneyittatahy, théemtoimpnenti o 8Z) and
t he conponent (a3) in the epoxy resin (A), according to the exanples and

conpar ati vethexasmb&sentti @1)3 kel estgsorimt gabndagating do@oRext Ngazatirp of
5 the conponent (al), the conponent (a2) and the conponent (a3) in the

epoxy resing(B) epBx{ NeegXanpiesnl the xandiéhel cUPALRU ¥Be 8XAPPELSive 1O 7,
as well as the preferable range X of the mxing ratio of the conmponent

(al), the coupppest {az) 7andsthe) copangnbrefadlpiescdiled abovge hidifat ed
by di anond-shaped bold lines. 10 The region X inside the di anond-shaped bold

|ines nmeans pefespllhe cbAPYReNESEh)RethaNMG ot (b8) R thBeGRsmARRN
(al) , the range
(a3) described above, indicated by diamond-shaped bold lines.

10 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
{(a2), 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%

15 to not more than 20 wt%, based on the total amount of components

(a) to (c).

Examples
Hereafter, thepresent inventionwillbespecificallydescribed
20 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
25 as a major component,
4,4"-bis(2,3-epoxypropoxy)-3,3’5,5’ -tetramethylbiphenyl

represented by the following formula (4) (YX-4000H manufactured



of not less than 60 w% to not nore than 95 w% for the conponent (a2),
the range of not less than 2.5 wt%to not re than 20 w% and for the
conponent (a3), the range of not less than 2.5 wt% 15 to not nore than 20
wt % based on the total anount of conponents (a) to (c). Exanples

Hereafter, thepresent inventionw || be specifically described 20 based on
t he exanpl es, however the present invention is in no way limted by these

| es. Th i o] le, 1
o v Rt s LS Bl R R
maj or conponent,

repr esent ed pr%}“tthé’f?gpg a,l(rfbe]f dg)rsog %)YX\PEZ@O%H?%%%E% t%slﬁg ! %gggg%%/

Japan Epoxy Resin Co., Ltd.,_e y eq aI ent _of 186 mel tin poi nt of
105C, melt ViSCOSity Betesoet nﬁgaéu 5@5 2 s”tedﬁ%t neter of
0.15 poise) - 6.14 parts by weight. H3C nn CHB 0 V O"O (4) H3C CH3 5 Epoxy
resin 3: A mxture of 50 wt % of eBoxy resin represented by formula (1) (n =
w % of epoxy resin represented by fornula
0 n atorr) and 10 wt % of epoxy resin
R2 is %? hydr ogen atom (HP-4770

(2) (m=20, n =0, 0
represented by fornula (
manuf act ured by Dainip

5 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 R2 is a hydrogen atom) (HP-4770 manufactured by Dainippon

10 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 80°C) -~ 3.96 parts by weight.

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

Curing accelerator: Triphenylphosphin - 0.20 parts by weight.

Mold release agent: Triglyceride montanate (Dropping point
of 80°C) - 0.20 parts by weight.

20 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.



e

10 I nk and Chem cal s | ncorporated, epoxy equival ent 204, softening point
72C) - 1.10 parts by weight. Phenol resin curing agent 1: Phenol novol ac
resin (PR-HF-3 manufactured by SumitormpBakelite Co., Ltd., hydroxyl group
equi val ent of 104, softening point of 80C) - 3.96 parts by weight. 15
Inorganic filler: Fused spherical silica (Average particle dianeter of 30
pm) - 88.00 parts by weight. Curing accel erator: Triphenyl phosphin - 0.20
parts by weight. Ml d release agent: Triglyceride nontanate (Dropping point
of 80C) - 0.20 p&hesalhyvewiqyponed0sCoempt imigeagentel:normal temperature in
y-gl yci doxypropyl trimethoxy silane - 0.10 parts by weight. Coupling agent
2: y- mer caphapi:ony hel red koxymskédhy a @at@ngparltls oy Gl ghtl00Cs), ordmbed
agent: Carbon black - 0.20 parts by weight. 27 The above conponents were

m xed under apdr thén t@pteat woegiine @n répoety, reelihedompols i xed byval beatdmg
roll of 80C to 100C, cooled and then crushed to give an epoxy resin

conposi ti onrebvat ughé oot resHiowrhenheekbls shown in Table 1. 5 Spiral flow
The epoxy resin conposition was transfered into a spiral flow neasuring

nol d buidt accor dpRgal of IR-VM The68p e s i f Usdingeyidi ildnOWa S ilsd ctreAPEied ur e
of 175C, transfer pressure of 6.9 MPa, and hold tinme of 120 seconds, using

a | ow pressyr %Ei%@nﬂ&l? rﬁ@é%ﬁﬂ%ﬁ%ﬂhnﬁuig%é&f@%& et %Mﬂ(ﬂ—ﬁ?%é(o@rﬁﬁgé@

Preci sion 10 chine Co., Ltd.), "and the flow | ength was neasur ed.

spiral  Tlow,f 8oRAIAMGH &fs Aoild ReapkkhtYre B8 & P EalGLNLRLYELLOLLCAL s
of 6.9 MPa, and hold time of 120 seconds, using a low-pressure
transfer molding machine (KTS-15 manufactured by Kohtaki Precision

10 Machine Co., Ltd.), and the flow length was measured. The spiral
flow is a parameter 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. Inthecéseofanencapsulating

15 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,

20 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 expansion coefficient (al) at a
the glass transition temperature of the cured composition or lower,

25 and the linear expansion coefficient (a2) in the rubbery state
of the test specimen were measured, based on a chart obtained through

measurement by a thermal mechanical analysis equipment (TMA100



hi gher flowability. The unit is cm It is preferable that the spiral flow
is 80 cmor nore, in the case of an encapsulating material for general

sem conductor packages. In the case of an encapsulating 15 material for the
area surface nount sem conductor package, it is preferable that the spiral
flowis 120 cmor nore. 3 ass transition tenperature: The epoxy resin
conposition was transfered and nol ded under such condition as nold

temper atur e, -8f 110Gk AN PERSSUL erggs dil By %ﬂgﬁgg%@%%g@

m nutes, 20 a8l ng r essure rans e chi ne

nanufactured y, Koh% ﬁﬁ;PFECISI n ive a %

speci men gﬁ%¢f 7 ftl%rﬁﬁ&'fﬁbr? Cgeghﬁéh mgndqgg% Eu?e $%lOQOur
hours at 175%, and the |inear an3|on co ffici (&ﬁ at a %F
transition £ nE%?dFﬁW@CGFV?h%XE TP o b0t BEh? rWQ§) F{nﬁg‘%%ﬁ' h%g??%ear
expansion coefficient (a2) in the rubbery state of the test specinmen were
measur ed, b&Z8aSsh1aN chafke GHtHished  Rir dth 1%edsurenent by a t her mal
mechani cal anal ysi s equi prent (TMAL00 - 28 manufactured by, Sei ko

| nstrumeht s | nc. 18¢aF exreasperaaeid icafge (oG9 d‘@q%P@zot?%%n §ORBat i htPH at e
of 5C/mn., and the intersection of the respective extensions of al and a2
was def i nedwas Erengiesd andamslidecdonndempercat aprdithmn afinold temperatwear
expansi on coefficient (al): The epoxy resin conposition was transfered and
mol ded underfsiith’ Gohdanstar aseaplide ténPet MPar @ndofuriziC; ine afsf BinpresSsur e
of 9. 8 MPa, and curing tinme of 2 mnutes, wusing the |ow pressure transfer
nmol di ng nacmsaeg@hﬁS&ﬂG{ﬂaﬁaﬂa@t@a@dfebwothngthPieeKKEBﬁBNmahuﬁectMmed
Ltd., heating rate of 5C/mn.), 10 to give a test specinen of 4 mmx 4 mm X
15 nmm The bgsKolsipeci Percision Machine Co., Ltd., heating rate of 5°C/min.),

10 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 (al) at the glass transition temperature of the cured
composition or lower was measured. The unit is ppm/°C. The linear
expansion coefficient (al) exceeding 10 ppm creates an excessively

15 1large 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

20 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 mm, a package size was 30

25 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



was post-cured for four hours at 175C, and the |inear expansion coefficient
(al) at the glass transition tenperature of the cured conposition or |ower
was rmeasured. The unit is ppm C. The |iné&# ~— expansion coefficient (al)
exceedi ng 10 ppm creates an excessively 15 large difference fromthe |inear
expansi on coefficient of the substrate, which leads to an increase in warp
of the package and in fluctuation in warp. Gold wire sweep rate (B&G) : A
silicon chip and so forth were encapsul ated by the epoxy resin conposition
under such ddrdetéoh. ZheasS@obdnt Behepathage ofasl PbServednshepuph essnfd of
6.9 MPa, and curing tinme of 2 mnutes, in a |ow pressure transfer nol ding
machi ne ( YXsenyeS,uamsubget (RROU-THETIOM rGorpardtured) by SOEFESpgar.e At@52- pi n
BGA (a substrate used was a bisnal ei midetriazine resin/glass cloth
substrat e havkdngha sheeknesss aff @he6goiy wipackageisiize twals by0a2batio xoB80 nm
x thickness 1.17 nm and the silicon chip has a size of 10 mmx 10 mm x

t hi ckness 0s3bepamdult® £ ihAnthagboading leadthof Theeehlcatiosubsteaien were
bonded via a gold wire of 25 umin 29 dianeter) The 352-pin BGA package was

obser veds t hi,Q4ade @ a80fdas Sedmayot l1uesosKEaPe 2( PR TEST18Q! fmangtant Hi gtk by
SOFTEX Co., Ltd.), and the sweep rate of the gold wire was indicated by a

ratio of sweep @@Wl@@%m@%b e ng@pw € sli8RGLA- cH1E MBS HHIIRR were
criterion 5 was set as "passed" for less than 5% and "failed" for 5% or

hi gher. %‘Abéﬁﬁ‘é\@&po;? e ChGED) ras i Sohb6ah £ §BhPuAR %QlcthEEHdY‘@{@n

encapsulate by the epoxy resin co 0s| t1on under such condition  as mol

f o 0
tenper at ureag Pé\;\/-é&eeééure \ﬁangﬁ%r% OT:rgn?féﬁapreaéqurec%rf' 396t 4PE, Odnd

seconds, in nmol di n

curing time of 70 seconds, ina low-pressure transfer moldingmachine
10 (GP-ELF, manufacturedby Dai-ichi Seiko Co., Ltd), therebyobtaining
a 160~pin LQFP (low-profile guad flat package; Copper lead frame,
outer package size of 24 mm x 24 mm x thickness 1.4 mm, pad size
of 8.5mm x 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
15 (PRO-TEST100, manufactured by SOFTEX Co., Ltd.), and the sweep
rate of the gold wire was indicated by a ratic 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
20 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 usedwas a bismaleimidetriazine
25 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



10 (GP-ELF, manufactured by Dai-ichi Seiko Co., Ltd), thereby obtaining a
160-pin LQFP (lowprofile quad flat package; Copper |ead frane, outer
package size of 24 mMm x 24 nm X t hi cknéssV1.4 mm pad size of 85 mmx 8.5
mm chip size of 7.4 mMmx 7.4 mm x thickness 350mm) . The 160-pin LQFP was
observed through a soft X-ray fluoroscope 15 (PRO TEST100, manufactured by
SOFTEX Co., Ltd.), and the sweep rate of the gold wire was indicated by a
ratio of sweep anount against the gold wire |length. The eval uation
criterion wasdsef the ¢peysidd'subsitrhéssvwehanbsigednd a faigoéd” wibe S o7

hi gher. Package warp characteristic: A silicon chip and so forth were 20
encapsul at egmpyn dhaenepaxly. r Ebepackagesias enbimcieed sadihecoretiadsonesasibas d
tenperature of 175C, transfer pressure of 6.9 MPa, and «curing tine of 2

m nut es, i nbehew| aftpregsivihetiie dagtes offtdhdi warp mhdhiens dkéogserd esgasured.
manuf act ured by TOM Corporation), thereby obtaining a 352-pin BGA (a
substrat e used messarditsraldigricdebfi azirpeo 25 e Javkglgass thkophckadpstwat e
having a thickness 0.56 nm a package size was 30 x 30 mm x thickness 1.17

mm the 5il btaBe6hivpthasha erfiazudbtd %uBas®n Kad ML kneasd). 3hdmm the chip
and a bonding 30 pad of the circuit substrate were bonded via a gold wre

of 25 pmi @i&%@%éﬁéat .inTBenh Bsaras reubi 66 teth heabliec@riarasai dese41 bed
bel ow, after ich the degree of the warp of the package was neasured. To

measure the degreeonf s vay RiRf ghbe PROKAIDaAGPASKAYE VRS FaReP k8GN S N
t he encapsul ated surface faci ng upward, and a di spl acenent in a heightw se

di rection W%%s@@??uéﬁéaisga??gé@%@ergqic%ej@ﬁi@irbﬂlra%nteh% 984 & Mot Be HACkage

usi ng a surface roug ester, and a largest difference in displacenent

was taken a%ebgge of warp. Here, in the case that the package had a convex

10 form, the displacement value was regarded as a negative value,
and in the case that the package had a concave form, the value
was regarded as a positive value (+ symbol is not expressed).
The unit is pm.

Warp after molding: The degree of warp immediately after the

15 molding process at 25°C.

Warp after exposure 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.

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 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

25 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



degree of warp. Here, in the case that the package had a convex 10 form the
di spl acenent val ue was regarded as a negative value, and in the case that

t he package had a concave form the valuél was regarded as a positive val ue
(+ synbol is not expressed). The unit is pm Wrp after nol ding: The degree
of warp imedi ately after the 15 nolding process at 25C. Warp after
exposure to heat: The degree of warp of the package at 25C, after the
mol di ng process, a post-curing process éat 175C, for 4 hours), an IR refl ow
process (ataréCdtegcEbedpagttQUIERECS 8Bnidt tdroRpPreantha apnyieygnperoets et
125C, for 8 hours. 20 Fluctuation in warp after exposure to heat: A

di f f erence packade aedrhee cofr nimrpmeypbesgesitwogdN InVegse Whars rfdiet he war p
after the nolding, and W2 being the warp after exposure to heat. Warp at

hi gh t enper Aluceuathihen degweepod far pexEasurcedonwheat iheld enperahore, bdcones
uni form upon heating the package on a hot 25 plate of 260C, after the
measur enent cofivéfenamrqr atleepaexpgsuoe the deatied magade dheterbde aegree of
warp inmediately after the nolding - 31 and after the post-curing is 80 pm

or nore,s5theheowryarcaref thieugpackagroent: ihe mayddser. NRyrtieewdi Sitrurdzed. 1 n
case where the fluctuation in warp after exposure to heat is 40 pmor nore,

the conveygnsge ofhd N RAGKAUR BN tbRBe At i+ &l fiedRe -diostitr bedratterid the
nol di ng and through the nounting process. Further, in case where the warp

at hi gh tenpshadd £orP e 'm%ermékQﬂ/e@& Satike GNRGEt BRhBECHHR 40T €

likely to arise in the nother boar
implementation process.

[Examples 2 to 9, and Comparative Examples 1 to 7]

10 Epoxy resin composition s were prepared according to themixing
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.

15 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
equivalent of 175, softening point of 45°C, melt viscosity at 150°C

20 measured by ICI melt viscosity meter of 0.10 poise).

Epoxy resin 4: A mixture prepared from B-naphthol, 2,
7-dihydroxynaphthalene, and formaldehyde accordingto the foregoing
process, containing 65 wt% of epoxy resin represented by formula
(1) (n=0, andR2 is a hydrogen atom), 25 wt% of epoxy resin represented

25 by formula (2) (m= 0, n =0, and R2 is a hydrogen atom), and 10
wts of epoxy resin represented by formula (3) (m = 0, and R2 is

a hydrogen atom) (epoxy equivalent of 212, softening point of 68°C).



i npl enentation process. [Exanples 2 to 9, and Conparative Exanples 1 to 7]
10 Epoxy resin conpositions were prepar according to the mxing ratios
specified in Table 1 and 2 given bel ow, through the steps according to the
exanple 1, and evaluated according to the criteria described in the exanple
1. The evaluation results are shown in Table 1 and Table 2. 15 Fol | ow ng
are the conponents enpl oyed, other than those used in the exanple 1. Epoxy

resin 2. A bispggggk Q%g¥£E%ﬁgy%hghhhgpéggpé¥ﬁae§k§T %;gé ), jmanuf act ur ed

by Japan Epoxy ., epoxy al'ent 75,7 sof t €ning poi nt of

o o L YLaeRsk e a0 B SPARIESh Dol Had B SEPSL LYo TRl 0hq0- 10

poi se). Epoxy resin uré prepare m
7- di hydr oxynapht hal ene,_.and faqrna| dehyde according 1o t fo Oi
o1 ocoss, GBREBPRT h BE e 61 Tepaky oot Topr6senE B BOST ormita LT e
0, and R2 i hygro ann% .25 W % of _.epaxy resin represented 2 gy
Pormil a (2) 1A b; SHOR2G S ARt EaSeE 5o arogan &t ony =Y 458 10 CRIERSBF “apoxy
resin represented formula (3) (m= 0, and R2 is  a hydrogen ato (epoxy
equi val ntggf?ﬁiﬁ?P%of?Enlﬁg‘é5iﬁk’op'68€§ R2 1322 gy E?bgﬁﬁmgv g%ﬁigture
prepared from (3-naphthol, 2, 7-di hydroxynapht hal ene, and formal dehyde
accordi ng V6%t Ré EBPBYOT YL FroeEsstesnPyi APAYUES Wt bo BF epbxPife&ynis
represented by formula (1) (n=0 and R2 is a hydrogen atom, |Ow o of
epoxy resi A TeEpiRgsEndeens (BPokgraaniyadent(@h 220, setfepingmPirE 9564 Rydr ogen
aton), and 5 w % of epoxy resin represented by formula (3) (m= 0, and R2
is Epoxy resin 6: A mixture containing 60 wt%$ of epoxy resin
represented by formula (2) (m = 0, n = 0, and R2 is a hydrogen
10 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 P-naphthol, 2, 7-dihydroxynaphthalene, and
formaldehyde according to the foregoing process (epoxy equivalent
15 of 177, softening point of 85°C).
Phenol resin curing agent 2: A phenol aralkyl resin having
a biphenylene structure (MEH-7851SS manufactured by Meiwa Plastic
Industries, Ltd., hydroxyl group equivalent of 203, softening point

of 66°C).



a hydrogen aton) (epoxy equival ent of 227, softening point of 67C) Epoxy
resin 6: A mxture containing 60 W% of epoxy resin represented by fornula
(2) (m=0, n=0, and R2 is a hydrogen 10 aton) prepared from (3-naphthol,
2, 7-di hydroxynapht hal ene, and formal dehyde according to the foregoing
prcess, and 40 wt % of epoxy resin represented by fornula (3) (m= 0, and R2
is a hydrogen atom) prepared from P-naphthol, 2, 7-dihydroxynaphthal ene,
and formal dehyde according to the foregoi ng process (epoxy equival ent 15 of
177, softening point of 85C). Phenol resin curing agent 2: A phenol aral kyl
resin havi ghenylene structure (MEH 7851SS manuf actured by Meiwa
Plastic 1In ustrle Ltd., hydroxyl group equivalent of 203, softening point

of 66C) . 33 - [Tabl e 1] EXAMPLE 1.2 3 A 6 7 6 C) ERERY F\’FQLN 1. 6_1 3 6
5 43 5 13 Q A0 A7 | el el Y | ) ol 4 | o) 1__ N __E — ___7___ 8_ — 9_

: : EROXORESIN 12 - FI I JT Y- 99614 3 6a " 5. 4_3’ i 6’ I3[ 648 4-77__ $.59 1" 375717553
it § EPOK¥ REERN-2- - - - - - - - - ----1- "EPOXYSSRESI N[ 2 " 2.43 " EPOXY_RE S| ]\f31 10
1.08 1.81 %Pziz}‘? _1_1959 Q---i-2-2.07--...*t.10f L1.08) 1.81 . _____J 0.72 3 _2.54 ) ) 0.72 | _1.07_
EPOXY RESI ﬂQ 1-67---EPOXY - RESTN 5 - EPOXY RESI'N 6 -~~~ =090 {PHENOL- -
RESI N CORI }_IEEEEA@N'IG 1 3.96 4.05 96 97 00 94 3.9414. 01 2.2 0.90

_PHENOL RESIN CURING AGENT 1 | 3.6 ] 4.05| 3.96| 3.97 | 4.00 ] 3.94| 3.94 | 4.0I | 2.23
""""" "PHENOL RESIN CORING AGENT 2 | [~ ~~—"°I~~~~y~ """ ~——~—~°~"""="~7 77\ "~ 2.37
-------- -[-INORGANI€ FILLER 86.00 | 88.00 | 88.00 | 88.00 | 88.00 | 88.00 | 88.00 | 88.00 | 88.00

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 AGENT 1 ] 0.10 ] ~0.10} 0.10 ) 0.10f 0.10) 0.10 | 0.10] 0.10} 0.10
COUPLING AGENT 2 777 0.10 | 0.10 | 0.10 | 0.10| 0.10 0.10 0.10 0.10 0.10
COLORING AGENT 0.20 | 0.20 | 0.20] 0.20] 0.20] 0.20] 0.20] 0.20] 0.20

| RATIO OF (al)/(a) ([Wwrel | . 84.8 | 84.9 | 75.0 | 84.8 | 90.0 65.0 77.01 7.5 _83.8,
RATIO OF (a2)/(m) [WTs] | 7.6 4 ] 7.6 12.54 9.9 . 5.0 | 17.5) 15.0 | 5.0 ] ¢ 8.1

" RATIO OF {a3)/(B) [WT%] 7.6 7.6 12.5 5.3 5.0 17.5 8.1 17.5 8.1

SPIRAL FLOW [cm) 120 140 105 125 135 102 115 110 115

GLASS TRANSITION TEMPERATURE [°C] 156 153 162 154 153 168 158 165 153

LINEAR EXPANSION COEFFICIENT [ppm/ °c] 8.2 8.4 7.8 8.2 8.6 7.6 7.8 7.6 8.9

GOLD WIRE SWEEP RATE (BGA) [%] o] 3:8) 2.0 5.3 3.5 . 2.4 154 . 4.3 .. 4.8 | ¢ 4.2

| GOLD WIRE SWEEP RATE (LQFP) 1%1 | 281777 187743 725 2.0 4.5 3.5 3.7 3.3

WARP WARP AFTER 60 63 54 62 63 50 57 53 65

CHARACTERISTIC MOLDING

OF PACKAGE [ym] WARP AFTER 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 ~63 -2 ~62 Z61 ~73 ~68 -2 ~60
TEMPERATURE




PHENOL RESI N CURI NG AGENT 2 2.37 | NORGAN C FILLER 88.00 88.00 88.00 88.00
66. 00 88.00 88.00 88.00 68.00 CURI NG ACCELERATOR 0.20 0.20 0.20 0.20 0.20
0.20 0.20 0.20 0.20 MOLD RELEASE AGENT @.“20° 0.20 0.20 0.20 0.20 0.20 0.20
0.20 0.20 COUPLING AGENT 1 0.10 0.10 0.10 0.10 12 0.10 0.10 0.10 0.10
AGENT" o _20.10 0.10 0.10 0.10
0.10 0.10 0.10 0.10 COLORI NG AGENT 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
RATIO OF (al)/(A) £wr% 84.8 84.9 75.0 84.8 65.0 77.0 77.5 83.8 RATIO OF
(a2)/ (A [WRpP¥e52¥. 6 12 5 9.9 17.5 15.0 5.0 8.1 RATI O OF

(a3)/(A) [WI8F 7-5 7.5 12.5 5.3 17.5 8.1 17.5 6. toverbPIvRRAaeEL OW (Cm 120 140
105 125 102115 110115 GLASS TRANS TIIONZTE El%A;ELUPFZ%QJ 4@54 _536166’2 184
16B 158 1655143011 FNEAR - EXPANSHEN- COEFRH e BN - | ppii] -~ B2 8- 4176 %(2- 76
7.8 7.6 B. YeeoGGEDN W RE  SVEEP RATE - (HGA) -I?./t_i._S.__8.4_2_.__Q.__5_._3__E_.__5__5_._4[_-4[..3_&5_4_.__8_7_43_?
‘EpOXY RESIN 4| 1T T | GOLD W-RE
PO N5 1, 4 -
SWEEP RATE|-fibtRERVER - 2:8-1:6-9.312:572 0403 35237 033 WARP WARP | AFTER
60 63 54 62eE8L B BEB@??@‘E.;.CHARAQU:HP?STJ.Q:MLDLMJO?.?BAQDKA@%[.QH‘P:. 2P 3.78.
P! L I R A YPOSLIRE_ T HEAT IF LCTHATEONIEN-_ 20124 _2F
AFTER 30 297282838 30°°38°30-361 EXPOSUREFO-HEAT FEHGEYATEN HN3R 34590
33 33 21 26cEdic 3oee AFTER EXPOSURR [TO HEAT WARH A .dll|[GHo0-26() - 630 /2 0-262
-61 -73 - 68MuyELEAFRCENT ENPERATURE. 34 ©-20 . 0.20 0.20 0.20 0.20 0.20 0.20
COUPLING AGENT 1 0.10 1 _o0.10] 0.10| 0.10]  0.10 ] ¢ 0.10 [ 0.10
"COUPLING AGENT 2 7 7TTT7TTT [ 0.10°] 7 7770.10 0.10 0.10 0.10 0.10 0.10
COLORING AGENT 0.20 0.20 0.20 0.20 0.20 0.20 0.20
RATIO OF (al)/(A) [WI®] TN 8a.8 | 90.0 ] 350 1000 0.0 1 0.0
RATIO OF (a2)/(A) [wre) [ 13.3 4 .. 0.0 ] ... 0.0] ... 004 0.0} .3 25.0 . __ 50.0_
RATIO OF (a3)/(a) [WT%) 2.4 15.2 10.0 5.0 0.0 25.0 50.0
SPIRAL FLOW [cm] 108 62 76 110 152 72 39
GLASS TRANSITION TEMPERATURE [°C] 146 165 152 139 121 169 181
LINEAR EXPANSION COEFFICIENT [ppm/ °C] 8.9 7.8 8.5 9.2 11.8 8.5 7.1
_GOLD WIRE SWEEP RATE (BGA) [%] Lo 5.1 1 . 7.9 .. 6.6 .52 .. 16l 7.1 3 > 9.0
GOLD WIRE SWEEP RATE (LQFP) [%] 4.0 6.8 5.4 4.0 1.3 6.3 8.0
WARP WARP AFTER 92 53 68 86 118 54 32
CHARACTERISTIC MOLDING
OF PACKAGE [yum] WARP AFTER 44 35 32 14 6 42 24
EXPOSURE TO HEAT
FLUCTUATION IN 48 18 36 72 112 12 8
WARP AFTER
EXPOSURE TO HEAT
WARP AT HIGH -82 -72 -68 ~72 -108 -87 -132
TEMPERATURE

In examples 1 to 9, which are different in type and mixing

ratio of the component (al), mixing ratio of the component (aZ2)

5 and the component (a3), and type of the phenol 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

10 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

15 range, andinall of those compositions, an excellent balance between



[ Tabl e 2] COVPARATIVE EXAMPLE 1 2 3 4 5 6 7 EPOXY RESIN 1 6.12 6.08 6.45
6.82 7.49 3.65 - --memmeo el o oeeees aeoooo oo

-------------------------------- - EPOXY RESIN 9 EPOXY RESIN 5 1.14 EPOXY
RESIN 6 1.09 0.72 0.36 PHENOL RESIN CURI NG AGENT 1 3.94 4.03 4.03 4,02 3.71
3.90 3.78 ------io-- e e eemee o miae ieceieaeo oo .- - PHENOL
RESI N CURI NEMRCERHY ' HGORHRRPCC T £ L1ER §8€0B285289 "W R EE 266°885bb° 88 %00
88.00 CURI NG ACCELERATOR 0.20 0.20 0.20 0.20.0.20.0.20 0,20 L EASE
AGENT 0. 20 6??9%%f§55ﬁ§2056F5866526h%.%RWPQ§aE%9PﬁGlﬂ ﬁX%Wﬁig]i ’§§0.10
0.10 0.10 0.10 0. 10

0'.1-§,-and_5_had a spiral TIow of BRI NG AERT 26162023 W 0. 10
0.10 0.10 0.10 COLORI NG AGENT 0.20 0.20 0.20 0.20 0.20 0.20 0.20 RATIO OF
(al)/ (A [Wr9g EBYIZL 808 ap wpld5ag eBgedlent oregspits with respect to the

5> goldwireRwHeD OFthaZARY s¢WRnes e M3x3ng rgtoo@io: e QOmPIBIT 50. 0
RATIO OF (a3)/(A) [W87 2,9 15.2 10.0 5.0 0.0 25.0 50.0 SPIRAL FLOW [ an]
108 62 76 11681152tHe SYnpdHeASS (ERANSETHON G EMPRRATRURE (aC) v46higsths2 139
121 169 181
appropriate range.

On the other hand, the comparative example 1 which, while
containing all the essential epoxy resins, i.e. the component (al),
10  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
15 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
20 comparative example 2 containing a relatively large amount of the
component (a3) suchthat the spiral flow remainsbelow 80 cmexhibited
a poor result in gold wire sweep rate, though a good result was
obtained in package warp characteristic. 1In contrast, the
comparative example 5 in which the component (a3) was reduced to
25 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



LI NEAR EXPANS|I ON COEFFI CI ENT [ppniC] 8.9 7.6 8.5 9-2 11.9 8.5 7.1 GOLD WRE
SWEEP RATE (BGA) [6] 5.1 7.9 6.6 5.2 1.65Z.1 > 9.0 GOLD WRE SWEEP RATE
(LQFPj [$] 4.06.85.44.0 1.3 F.36.0 RP WARP AFTER 92 53 68 86 118 54

32 CHARACTERI STI C MOLDI NG OF PACKAGE WARP AFTER 44 35 32 14 6 42 24
EXPOSURE TO HEAT FLUCTUATION IN 46 18 36 72 112 12 8 WARP AFTER EXPOSURE TO
HEAT WARP AT HIGH -82 -72 -68 -72 -108 -87 -132 TEMPERATURE In exanples 1

to 9, which are different in type.and .m xin tio of the ¢ nent 1),
m xi ng rat iaolatoefr Pﬂid%%?r%lﬁe%u%tguf’)tl °B Hhdt ﬁea f(r:t%r%%ereonstu a3 ggggdect@lfb%%of

t he phenol resin curi agent, the ohtained conpositions haye desired
properties %@&‘P%?éuggﬁr §L€ PP%WB?QBJO“ SRS ag&”eg}?‘récfgl?reéa\t’&ﬁ%o?%ﬁ 75 160
EMM -1-66, a glass transition tenperature of 15?0 or higher in hpg cured
state, and WH9 iSSP &ebinsi DI COBIRTAtENE SFARBLET eds?Rhan 3 5H 826 not
10 nore than 10 ppmiCin the cured state at a tenperature not higher _than
the gl ass t¥HriRsHRtee PEBEENEF LIRSty (IEPEERPONENEXFEPIC 2 t9fl the
conmponent (a2), and the conponent (a3) as essential conmponents of the epoxy
resin, &nd eRREtIHYe REamPEng. r bd i B dfta Fhdorporet regaly | 17 Hddhsenent
(a2), andtheconponent (a3) within an appropriate 15 range, and in all of

t hose conpogdld orisse @vespcsbkennobapamitrghetameshargsterhdtyol d wire sweep

rate and the package warp characteristic was
Further, the comparative example 6 which, while containing

alltheessential epoxyresins, i.e. the component (al), the component
(a2), andthe component (a3), containsonlyasmall amount of component
10 (al), and the spiral flow of which was hence shorter than 80 cm,
showed a poor result in gold wire sweep rate, though 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
15 component (a3) 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.
20 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
25 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,



acconplished. Further, the conpositions in the exanples 1, 2, 4, and 5 had
a spiral flow of 120 cm or nore neasured cording to EM -1-66, as well as
excellent results with respect to the 5 gold wire sweep in the BGA by
setting the mxing ratio of the conponent (al), the conponent (a2), and the
conponent (a3) within the appropriate range. On the other hand, the
conparative exanple 1 which, while containing all the essential epoxy
resins, i.e. the ¢ nent (al), Q_t he. conponent, (a2),, and.t he conponent
(23) " cont abRs it PR TTnhe sl ar tar BEHEDTENE Tt 3 A psEaumec,
transition tenperature _of which in the cured sta is lL.ower than 150C
Showed | nf eAT0} S5 SGTELOFR KPRPBTPT Ha: bt PRBLLCEFect Ay VP L Tartbr
nolding and fluctuation in warp after exposure to heat, though a good
result 15 méé’p@btsﬁfnﬁéanijﬂcbﬁod%lr%e'smeep rate when built into the LQFP.
Referring to the conparative exanple 2 to 5, the conposition of these
conparative exanples are slightly different in mxing ratio of the
conponent (al) and the conponent (a3) from one another, and do not include
any conponent (a2) as an epoxy resin. The 20 conparative exanple 2
containing a relatively |large amount of the conponent (a3) such that the
spiral flow remains below 80 cmexhibited a poor result in gold wire sweep
rate, though a good result was obtained in package warp characteristic. In
contrast, the conparative exanple 5 in which the conponent (a3) was reduced
to 25 zero, so that the glass transition tenperature would becone bel ow
150C and the linear expansion coefficient would exceed 10 ppmiC, showed
inferior results in warp of the package, especially in warp - 36



after nolding and fluctuation in warp after exposure to heat, though a good
results were obtained in warp at high temgperature and gold wre sweep rate.
The conparative exanples 3 and 4, which have internediate contents between
the conparative exanple 2 and the 5 conparative exanple 5, failed to show a
good result in neither gold wire sweep rate nor package warp
characteristic. Further, the conparative exanple 6 which, while containing
all the essgﬂé%ﬁ% epoxy resins, i.e. the conponent (al) , the conponent
(a2), andth onent (a3), contains only a small anount of conponent 10
(al'), and the spiral flow of which was hence shorter than 80 cm showed a
poor result in gold wire sweep rate, though a good result was obtained in
package var p characteristic, Further, the_conparatiye exanple 7 which does
not contain 'anyAEdﬁﬁBﬁ@ﬁFS%5V¥”%KPP§188n¥%ﬁﬁ}ﬁ@pFHiaEbﬁ%éhéﬁTlf%ﬁéu%i t he
15 conponent (a3) in the epoxy resin category, and the spiral flow of which
was hence b§OPRFLISHYF t& SRREY 86Sdm (Bhowed significantly inferior result
in gold wire sweep rate. Besides, because of the increased elasticity of
the cured resin EbapoOsRtim eRo dlesinenper datedingbor result was shown in
warp at high tenperature. 20 Thus, it has been proved that the epoxy resin
conposition for encapsolusiaglinsepozondasior (akkdradiing Bomehel py exaintt
invention exhibits an excellent bal ance between the gold wire sweep rate
and t he packégeowalgss hdract®r iCsttioc noTheope esleant iavént i on provi des an epoxy
resin conposition 25 with high flowability and | ow stress generation
property, which exhibntspoegpesdiial | ya2i)n rapmanahaed ury Npprndeess ) of amad ar ea
surface nmount sem conductor package, an excellent warp characteristic,

at least one epoxy resin (a3) selected from an epoxy

10 resin represented by formula (2) and an epoxy resin represented
by a formula (3),
wherein the epoxy resin (al) is different from the epoxy resin
(a2) and the epoxy resin (a3);
wherein the composition has a spiral flow of 80 cm or more
15 measured according to EMMI-1-66 method;
the composition in the cured state has a glass transition
temperature of 150°C or higher; and
the composition in the cured state has a linear expansion
coefficient of not less than 5 ppm/°C to not more than 10 ppm/°C,
20 at a temperature not higher than the glass transition temperature
of the composition:
(R1),

OO,

R2-C-R2 {1
(b\/o\@@
{ R1 )n

wherein, informula (1), R1's, whichmaybe the sameordifferent,



- 37 particularly the warp after being exposed to a high tenperature, and
can therefore be appropriately applied to an area surface nount type

sem conductor device. - 38 - CLAIMS 1. AnP%poxy resin conposition for
encapsul ating a sem conductor conprising an epoxy resin (A), 5 wherein the
epoxy resin (A) including: a crystalline epoxy resin (al) having a nelting
point of not less than 50C to not nore than 150C, an epoxy resin (a2)
represented by formula (1), and at |east one epoxy resin (a3) selected from
an epoxy 1@ep€§6ﬁntepr@s@mm@ﬁrhymvwdpmwléaviygahdUaHQebﬁiyﬂk@§pmsve52e%ented
by a formula (3), wherein the epoxy resin (al) is different fromthe epoxy
resin (a2)w@n@htMeyepexyamQSirldkﬂﬁarewherebprehemtxﬁnhxﬂndqmm lr&smaospdr al
flow of 80 cmor nore 15 neasured according to EMM -1-66 net hod; the
conposi ti onhyarbkarbunegrsimthaviag & g dssatbansattangy anhdnpersatamr énbégds0C
or higher; and the conposition in the cured state has a |linear expansion
coefficient oaf oneb kess than 5 ppmiC to not nore than 10 ppmiC, 20 at a
tenperature not higher than the glass transition tenperature of the

conposi tion: (Rl) R2-0-RZ;Q Cl1?

o’“Vij
RO-C-R2 © @)

aacone

(R1)_

wherein, in formula (2), Rl's, which may be same or different,
represent a hydrocarbon group having 1 to 4 carbon atoms; R2's,
which may be the same of different, represent a hydrogen atom or
a hydrocarbon group having 1 to 4 carbon atoms; m is an integer

10 of 0 to 5; and n is an integer of 0 to 6;

(R1 )

O-r"

R2-G-R2 0 (3
b‘v \io:@/ <
(R1)_
wherein, informula (3), R1's, whichmaybe the sameordifferent,
represent a hydrocarbon group having 1 to 4 carbon atoms; R2's,
which may be the same or different, represent a hydrogen atom or
15 a hydrocarbon group having 1 to 4 carbon atoms; and m is an integer

of 0 to 5.

2. The epoxy resin composition for encapsulating a semiconductor

according to claim 1, wherein the crystalline epoxy resin (al)



(R1) wherein, in formula (1), R's, which may be the sane or different, 39
represent a hydrocarbon group having 1 to 4 carbon atons; R2's, which may
be sane or different, represent a hydrﬁgéﬁ atomor a hydrocarbon group
having 1 to 4 carbon atons; and n is an integer of 0 to 6; (Rl)~ 6*0
R2-CR2 0 (2) P~- 00 O~ (Ri)m 5 wherein, in fornmula (2), RI's, which may
be sanme or different, represent a hydrocarbon group having 1 to 4 carbon
atoms; R2's, which may be the same of different, represent a hydrogen atom
or a hydr otardonegssupnhase kectied ¢renc Ahe ol At EPNSHSEINENCT it &g@henyd of 0
to 5; and nis an integer of 0 to 6; (Rl) RR-CGR2 (3) (Rl)mwherein, in
fornul a (3)4yiR 'epoxphirsisiay bet hespiher di e @poxy repiesentstal aiodaiPbon
group having 1 to 4 carbon atons; R2's, which nay be the sane or different,
represent aepyxdy ogemnnateodi bydidxyodnmnecayimppgrpupeshavi agd & naphthedeben
atonms; and mis an integer of 0 to 5. 2. The epoxy resin conposition for
encapsul at i tigpa g8 Caraduet. or
5

3. The epoxy resin composition for encapsulating a semiconductor

according to claim 2, wherein the epoxy resin (al) is in an amount

of not less than 60 wt% to not more than 95 wt% based on the total

amount of the epoxy resin (al), the epoxy resin (a2), and the epoxy

10 resin (a3).

4. The epoxy resin composition for encapsulating a semiconductor
according to claim 3, wherein the epoxy resin (al) is in an amount
of not less than 60 wt% to not more than 95 wt%, the epoxy resin
15 (a2) is in an amount of not less than 2.5 wt% to not more than
20 wt%, and the epoxy resin (a3) is in an amount of not less than
2.5 wt% to not more than 20 wt%, based on the total amocunt of the

epoxy resin (al), the epoxy resin (az), and the epoxy resin (a3).
20 5. The epoxy resin composition for encapsulating a semiconductor
according to claim 1, further comprising a phenol resin curing

agent (B).

6. The epoxy resin composition for encapsulating a semiconductor

25 according to claim 1, further comprising an inorganic filler (C).

7. The epoxy resin composition for encapsulating a semiconductor



according to claim1l1, wherein the crystalline epoxy resin (al) 40 is at

| east one selected fromthe group conS|st|ng of a bi phenyl type epoxy
resin, a bisphenol type epoxy resin, a “still Bene type epoxy resin, a
dihydroxybenzene type epoxy resin, and a naphthal ene type epoxy resin. 5 3.
The epoxy resin conposition for encapsul ating a sem conductor according to
claim2, wherein the epoxy resin (al) is in an anount of not |ess than 60
w%to not nore than 95 wt % based on the total anount of the epoxy resin
(al) , the epoxydinsite ¢E@)n lanfurhecrgerprisdng esrar{adpccsleTRECEpORY
resin conposition for encapsulating a sem conductor according to claim 3,
wherein the epoxy resin (al) is in an anount of not less than 60 wt% to not
nore than 95 wt% the epoxy resin 15 (a2) is in an anmount of not |ess than
2.5 W% to 8ot nbhe ephay r&0 nvépmpanit tdre fepencapesilatagd)a semi orduamunt
of not less than 2.5 wt%to not nore than 20 wt % based on the total anount
of the epoxycoesimy (tad )clatime lepekygreesi thg atmpearidivhehepoxyspesah {las) . 20
5. The epoxy resin conposition for encapsulating a sem conductor according

to claiml, ofurthesm cOMpidrsl M@adupbanatcse£simg cly ipMyI-agest méBhodb. The
epoxy resin conposition for encapsul ating a sem conductor 25 according to
claim1, further conprising an inorganic filler (C. 7. The epoxy resin
conposition for encapsul ating a sem conductor 41 according to claiml,

further conprisi Ags@mLibANERACHRNRL0EhPising a semiconductor chip

encapsulated with the epoxy resin composition for encapsulating
a semiconductor according to claim 1.

10
10. An epoxy resin composition for encapsulating an area surface
mount semiconductor device, wherein the area surface mount
semiconductor device comprises a semiconductor chip mounted on
substantially one side of a substrate by encapsulating with the

15 composition for encapsulating a semiconductor according to claim

1.

11. An area surface mount semiconductor device, comprising a

semiconductor chip mounted on one side of a substrate; wherein
20  the semiconductor chip on one side of the substrate is encapsulated

with the epoxy resin composition for encapsulating an area surface

mount semiconductor device according to claim 10.



8. The epoxy resin conposition for encapsul ating a sem conductor according
to claiml1, wherein the conposition has a spiral flow 5 of 120 cmor nore
measured according to EMM -1-66 mnet hod.” 42 A seniconductor device conpri si ng
a sem conductor chip encapsulated with the epoxy resin conposition for
encapsul ating a sem conductor according to claim1. 10 10. An epoxy resin
conposition for encapsul ating an area surface nount sem conductor device,
wherein the area surface nount sem conductor device conprises a

sem conductor chip nounted on substadBSdRA¢Tone side of a substrate by
encapsul ating with the 15 conposition for encapsul ating a sem conduct or
according to claim 1. 11. An area surface nount sem conductor device,
conprising a sem conductor chip nmounted on one side of a substrate; wherein
20 the sem Thaddciorpodviplesh aonepskgeresin heompdssittriaine fiox encapsulatisdy wi t h
t he epoxy resin conposition for encapsul ating an area surface nount

sem conduct ar séevtsedwennr diongrieiababm dfox ¥ 2res IABSERAGIhe rBier eheSegugvi ded
an epoxy resin conposition for encapsul ating a sem conductor conprising an
epoxy resinrEfin Wheiedudiie epexyst81Iesé BpbAy ddrainudinghagi 6 wshal dime
epoxy resin (al) having a nelting point of not |less than 50C to not nore

than 150C, B8BifPBYW nb®Sidss (3dh HEPEaseabedndye ftdauh 80(d) .arfBdoldl taast one
epoxy resin (a3) selected froman epoxy resin represented by fornula (2)

and an epO%XzSe§é§ké§%Hé€89@be%onu§af@iﬁyhﬁu£3bh least one epoxy resin
(a3) selected from an epoxy resin represented by formula (2) and

an epoxy resin represented by a formula (3):

R1),

o

¥ o
o R2-G-R2 {0
[ A o)
R,
10
A1),
@@l\o/\q
o R2-C-R2 o (2
l>\/0 0.~ \J
g
R
®1),
[>/\ /\4}
0
0
R2-C-R2 0 (3>

b\}k@@ﬂ\/ﬂ
(R
in which Rl's, which may be the same or different, represent a

hydrocarbon group having 1 to 4 carbon atoms; R2's, which may be

15 the same or different, represent a hydrogen atom or a hydrocarbon



(Rl R2-0-R2 (1) 60\ (R1) 10 (R1)) 0 =1 R2-CR2 0(2) (R1) m (R1)m
00 R-0-RZ ~~ (3) I_"_J31 "=J(Rl),, jo which R's, which may be the same
or different, represent a hydrocarbon group having 1 to 4 carbon atons;

R2's, which may be 15 the sane or different, represent a hydrogen atomor a
hydr ocarbon - 43 group having 1 to 4 carbon atons; mis an integer of 0 to
5, and nis an integer of 0 to 6.

group having 1 to 4 carbon atoms; m is an integer of 0 to 5; and

n is an integer of 0 to 6.



