1 SPECIFICATION BIPHENYLARALKYL EPOXY AND PHENOLIC RESINS TECHNICAL
FIELD 5 [0001] This invention relates to an epoxy rosin composition and an epoxy-resin
encapsulated semiconductor device encapsulated with the epoxy resin composition. In
particular, this invention is for providing an epoxy resin composition for encapsulating a
semiconductor 10 which shows flame retardance without a flame retardant such as a
halogenated organic compound and antimony and may give an improved productivity
because of its higher moldability, as well as an ep8~feskrahéaPsulated semiconductor
device which is heat-resistant during soldering 15 BACKGROUND ART [00021 Recent
market Lrend Lo size reduction, weighL saving and higher performance in electronic devices
has led to more integrated serﬁ’iEB B%Rﬁﬁd(&'c (2t d%ﬁﬁaggﬁ%ﬁﬁglﬁﬁms
semiconductor 23 package. Meanwhile, as business activity giving consideration to the global
environment hasfhgeame morergignificant, there have been alLempts to shifting from a
consumeristic society to a cyclical society. Thus, material design allowing for segregation and
recovery has becpmg; sipnificant. Waste Electrical and Electronic Equipment 25 (WEEE) and

Restriction of Certain Hazardous Substances (RoHS) established by EU (European Union)
ordain that due to its harm, Thd susegkleatonhichlis tesoltder contronent shoutd bergompleisly and
abolished 2 by 2006 except certain applications, and that in terms of a flame

10

1%

an epoxy~resin encapsulated semiconductor device encapsulaled with
the epoxy resin composition. LIn particular, this invention is for
providinganepoxyresincomposlition forencapsulatingassniconductor
which shows flame retardance without a flame retardant such as a
halogenzted organic compound and antimeny and may give an improved
preductivity because of its higher moldability, as well as an
epoxy-resin encapsulated semiconducteor device which is
heat-resistant during soldering.

BACKGROUND ART

[oo02]

Recenlk markel Lrend Lo size reduction, welghl saving and
higher performance in electronic devices has led to more integrated
semiconducteors and accelerated surface mounting of a semiconductor
package. Meanwhile, as business activity giving consideration to
the global environment has become nore significant, there have been
atiempts to shifting from a consumeristic society to a cyclical
soclety. Thus, materialdesignallowingfor segregationandrecovery
has become significant. Waste Electrical and Electronic kEguipment
(WEEE) and Restriction of Certain Hazardous Substances {(RoHS)
aslablished by EU (Buropean Union) ordain that due to its harm, the

use ofl lead which is a solder component should be completely abolished



retardant, halogenated flame retardants predominantly used should be segregated for
recovery. However, a lead-free solder has a higher melting point than 5 a conventional
lead/tin solder. It may lead to elevation of a temperature gluring mounting by soldering such
as infrared reflow and solder immersion from a current level, 220 to 240 C to 240 to 260 C.
Such elevation in a mounting temperature may increase cracks in a resin during mounting,

making it dlfflcul}tFto 588%@ the 1% relia |I|t%/ of the_semiconductor dc?w%e.tFurth%rmore, [

terms of alead ljéme,t eUse bt aTea ?ranmg%ﬁ}a Jéaa‘vi\}i%hmr}|Sc’keﬁ_lr/1pal adium instead of” ? a flame

external solder PJ%*E%QEQ%PF%E[B’?@HQ%@&’ i thelight. of the, reauireret ptdeleadind i spou1q

external solder plating. A nickel /palladium plating has a poor adhesion property to'a common

15 encapsulatinganatesiak deadinge-delaminaiion in an interface during mounting and

cracks in a resin. Particularly, since thin packages such as TSOP and LQFP have been

mainly used, ensuring reliabiitye}cin a sdmmponfuetosdéviee has becombersigriifidant point than
challenge, when using such a new material. 20 [0003] For solving these problems, to improve
heat resistnce i @CSBIEEL ERAM- WHESIABSEYbRTY Epéxy rdsinfedmpesifoi omptisiig ca fitdr a
with a higher density using a biphenyl epoxy resin and a phenol aralkyl hardener has

proposed that for (P EXaNIIE, S8 BRTENT Y5 DO EYMENTSD &S RoftthositidiPRES nbE = Low
however, met the a%Jove trict,requirement,_Furthermore, as a low water-absorhing epoxy

resin composition, (:Séjrrl]pgé:iti%)rﬁ“g&rrﬁ6ﬁ§in5ré)r6haen%li“élr:éﬁﬂ§laclne 35 ap%%%l%?a%%%reginto 240 to
hawngEimphenwgﬂeéyqumg{gﬁ§¥§@¥g3d11anmuntingtemperaturemayincreasecracks

i
g in a resin during mounting, making it difficult to ensure the

10 reliability of the semiconductor device. Furthermore, in terms of
g lead frame, the use of a lead frame plated with nickel/palladium
instead of externzl solder plating has been investigated in the light
of the requirement of deleading in external solder plating. A
nickel/palladium plating has a poor adhesicn property to a common

15 encapsulatingmaterial, leadingtodelaminationinaninterfaceduring
mounting and cracks in a resin. Particularly, since thin packages
such as TS50P and LQFF have been mainly used, ensuring reliability
in a semiconductor device has become a significant challenge, when
using such a new material.

20 [0003]

For solving these problems, to improve heat resistance in
a sclder, a low water—absocorbing epoxy resin composition comprising
a filler with a higher density using a biphenyl epoxy resin and a
phencl aralkyl hardener has propesed that for (forexample, see PATENT

25 DOCUMENT 1). Such a composition has not, however, met the above
strict requirement. Furthermore, as a low water-absorbing epoxy

resin compeosition, a composition ceomprising a phenol aralkyl or



see PATENT DOCUMENTS 2, 3 or 4) have been proposed and a method for improving heat
resistance in a solder have disclosed. However, any of these cannot meet the requirement for
flame retardance without 5 a halogenated organic compo8nd or antimony as a flame
retardant. Since segregation for recovery is needed from environmental consideration when
using such a flame retardant, there has been room for improvement in achieving adequate

flame retardance. /o ateials,proyiding. excellent flme refaisignas withoul. 1A helogenated

organic compoundor antimony, there have been di poXy resin composition as a

combination of asNeveae-iypepplenglier sesin gopIsing-a-biphenykdervalive @A nethod for
naphthalene derivative and a Novolac type epoxy resin comprising a biphenyl derivative

and/or naphthalenperivatiie=dor exaniplenseciPAT ENTARO GEMENTS6) Ssieh .15 ABwpoxy, any
resin composition may be effective for improving flame retardance because its molecular

structure has many ahsmatic 2ingstwheeh: prdrote gaibsmization duribgamenirg and4disce without
crosslinking density is so low that low-boiling components generated by thermal

decomposition darirgRHRATY-E4USE BRI ngC WRERTSH N adtiridie s 3§ geniBRERINGIRgEFant -
Furthermore, sin%e cured products,cf.rom sgch epox resins are ade%ga'glyf , tal
water-unabsorbabie and Reat-resistant durcfﬁg so“ar&er‘lrr?gx,ytheﬁlsha\r}ee een marketed and uged™ 2

in various app'i%@ﬁd@?&ﬁ%@i‘%@%@%@%@ﬁ&%’1%8@%‘%9@8&&@?%@@9@ ﬁ%@?@een room

soldering owing to its low elasticity and low 25 water-absorption. However, it gives a soft and

lipophilic mold aftef- cufingo FaHsHits defectivedpnoldabilityquay sauseseduetion-kthes .
productivity in continuous production, which is a problem to be solved. 4 There is, therefore,
still the need for an epoxy Bsimebmpositom taranrtaps Watirg dsemiCmads ctert; avhiehcanvithout

provide 10 a halogenated crganic compound or antimony, there have been disclosed
an epoxy resin composition as a combination of a Novolac type phenolic
resin comprising a biphenyl derivative and/or naphthalene derivative
and a Novolac type epoxy resin comprising a biphenyl derivative and/or
naphthalene derivative (for example, see PATENT DOCUMENT 5). Such
15 an epoxy resin composition may be effective for improving flame
retardance because its molecular structure has many aromatic rings
which promote carbonization during burning and its crosslinking
density is so low that low-boiling ccmponents generated by thermal
decomposition during burning cause foaming, which forms a surface
2 oxygen~blocking layer. Furthermore, since cured products from such
epoxy resins are adeqguately water—-unabsorbable and heat-resistant
during soldering, they have been marketed and used in various
applications. The epoxy resin composition can improve heat
resistance during soldering owing to its low elasticity and low
25 water-absorption. However, itgivesasoftandlipophilicmoldafter

curing. Thus, its defective moldability may cause reduction in the

productivity incontinuous production, whichisaproblemtobe solved.



a good productivity and exhibit excellent heat resistance during soldering, taking

environmental effects into account. 5 PATENT DOCUMENT 1: Japanese Laid-open Patent
Publication No. Hei 6-80763 PATENT DOCUMENT 2: Japanese Laid-open Patent

Publication No. Hei 9-3167 PATENT DOCUMENT 3: Japanese Laid-open Patent Publication,

10 No. Hei 9-3161 PATENT DOCUMENT 4: Japanese Laid-open Patent Publication No. Hei
9-235353 PATENT DOCUMENT 5; Japanese Laid-open Patent Publication. No. Hei ,
11-140277 15 DISCLOSURESE THE INVERFAORT [06541An bBfective Df #7S ilentiBRIY gesin

provide an epoxy 1esin, EQ%‘;Z%%‘?% a%‘%{cea”ﬁcs%?fé‘{aﬁ{‘ﬁ_ 3 seoyeanductor. whichs [Iee.lIom, oy de

2D a harmful substance su ogenated orgahic compound and antimony oxide,

environmentalIyasafj;%,o@mq)9@5@@@[@5&%%{@n@;jfs}m{e@{gémggnﬁe@gg@i%@@q&%ngjeg during
soldering and continuous molding properties, as well as a semiconductor device

manufactured by cerkansuating a semicanductonchipwitbbedesinicompasitionn25 [0005]

In a process for manufacturing a semiconductor device comprising encapsulating a
semiconductor chip with arP8peRy résiiBidgositlenaseme daisesasfaedbatienin Bnblication
productivity are reduction in the number of continuous molding shots due to fouling in a

molding (air veﬁ&? an%l%cér‘ﬁ%@gté%illing with a resin composition due to

PATENT DOCUMENT 2: Japanese Laid-open Patent Publication
No. Hei 9-3167
PATENT DOCUMENT 3: Japanese Laid-open Patent Publication,
10 Nc. Hel 9-3161
PATENT DCCUMENT 4: Japanese Laid-open Patent Publication
No. Hei 9-235353
PATENT DOCUMENT 5: Japanese Laid-open Patent Publication
No. Hei 11-140277
15
DISCLOSURE OF THE INVENTION
[0004]
An objective of this invention is to provide an epoxy resin
composition for encapsulating a semiconductor, which is free from
0 aharmful substance suchasahalogenated organic compoundandantimony
oxide, environmentally safe, and can exhibits excellent flame
retardance, heat resistance during soldering and continucus molding
properties, as well as a semiconductor device manufactured by
encapsulating a semiconductor chip with the resin composition.
p.3 [0005]
In a process for manufacturing a semiconductor device

comprising encapsulating a semiconductor chip with an epoxy resin



blocking an air vent caused by flash jamming in a fouled molding 5 after continuous molding
(hereinafter, referred to as "air-vent blocking"). Fouling in amolding and air-vent blocking
significantly involve, in addition to oxidation of a mold relsase, low molecular weight
components in an epoxy resin and a hardener. In particular, low molecular weight
components in a hardener tends to be bled out 10 to the surface of molding die, and tends to

adhere to the moldin vi% hgdrogen bondin ofgts&g)lar g_rougs. The pr segt inventors have | .
. . .cop S1T1l q mecau$é%o reduction nanQ oduc 1V1E¥%rere uction
intensely investiga 6w molecular weight components’in an epoxy resin compasition in for

encapsulating a semicondugtar device particylarly, thiope, i aardenar 13 gad have fRallyyo1 ging

found that in a phenolic resin mainly comprising a phenolic resin component having a
particular structurg; a GesponeRis havigngp4e dhtee arcipatic £ings inQNeMalegideMaybeiue to

contained in 0.8 % or less in an area ratio as determined by GPC analysis to improve the
problem of air-vénitdabckingaacecmpiishingdhiss 20 inyerftlesH0086fThat iy this fiovertibmolding
provides; [1] An epoxy resin composition for encapsulating a semiconductor, essentially
comprising?25 (RY&TEpeRY FeSinTepraserien by \gererarforhtia (TR0 (EReft 1) RYent
0 R2 R2 RLOG RERERT OC it S entdihs A AL Ba Be A RARE i canty
[0008]
involve, in addition to cxidation of a mold release, low molecular
weight components in an epoxy resin and a hardener. In particular,
low molecular weight compcnents in a hardener tends to be bled out
10 to the surface of molding die, and tends to adhere to the molding
via hydrogen bonding of its polar groups.

The present inventors have intensely investigated low
molecular weight components in an epoxy resin composition in for
encapsulatingasemiconductordevice, particularlythoseinahardener

15 and have finally found that in a phencolic resin mainly comprising
a phenolic resin component having a particular structure, a component
having up to three aromatic rings in one molecule may be contained
in 0.8 % or less in an area ratio as determined by GPC analysis to
improve the problem of air-vent blocking, accomplishing this

20 invention.

[0006]

That is, this inventiocn provides;

[11An epoxy resin ccmposition for encapsulating a
semiconductor, essentially comprising

5 {A) an epoxy resin represented by general formula (1):

[CCO7]

{Chem. 1)



(n in the formula (1) is an average within a range of 0 to 10; G represents glycidyl; R1 and R2
independently represent hydrogen 5 or alkyl or aryl having 1 to 8 carbon atoms and R1 and
R2 may be the same or different); and (B) a phenolic resin mainly comprising a phenolic resin
component represented by general formula (2), in which a component having up to three
aromatic rings in one molecule is contained in 10 0.8 % or less in an area ratio as determined
by GPC (Gel Permeation Chroatography) analysis; [0009] (Chem. 2) R1 OH R2 R-2 R1

1@®2 R2 R1IA2 R2 R1R15 [0016 (ndic
Rrand R2 i endently repres
ztncies
igal'f's onddgtor as des d (1)

eacting a colfpfound repges
b a CH2X (3) R2 R2

general formula 7 (3) : [0011] (Chem. 3) R2 R2 X
[0008]

(n in the formula (1l}is an average within a range of 0 to

10; G represents glycidyl; Rl and R2 independently represent hydrogen

...... 5 or alkyl or aryl having 1 to 8 carbon atoms and Rl and R2 may be

the same or different); and

(B) a phenolic resin mainly comprising a phenolic resin

component represented by general formula (2), in which a component

having up to three aromatic rings in one molecule is contained in

10 0.8 % or less in an area ratio as determined by GPC (Gel Permeation

Chromatography) analysis;

[0009]
{Chem. 2)
R1 oH RZ2 R7 RT oH R2 R2 R1 OH
@{CHQCHE@}%@@%@ "
R1 R2 R2 R1 " R2 R2 R4

15 [0010]

{(n in the formula (2) is an average within a range of 0 to

10; R1 and RZ independently represent hydrogen or alkyl or aryl having

1 to 8 carben atoms and R1 and R2Z may be the same or different);
[2]The epoxy resin compositicn for encapsulating a

o) semiconductor as described in [1], wherein the phenclic resin (B)

is produced by reacting a compound represented by general formula



5[0012] (X in the formula (3) represents halogen; R2 represents hydrogen or alkyl or aryl
having 1 to 8 carbon atoms; and individual R2s may be the same or different) with phenols;
[3]The epoxy resin composition for encapsulating a 10 semiconductor as described above,
wherein the phenolic resin (B) may have a softening point of 60 to 70 C; and [4]A
semiconductor device manufactured by encapsulating a semiconductor chip with any one of
the epoxy resin ggmpositions for encapsulating a semiconductor as described above. 15 This
invention can provide an epoxy resin composition for encapsulating a semiconductor
exhibiting excell?%fﬁrpe retardance and soldering heat resistance without a halogenated
organic compound or antimony oxide. Furthermore, the composition can be used for
encapsulating a semigonductor chip to form a semiconductor device, 20 in which fouling in a
molding or air-vent blocking can be reduced, allowing for continuous molding for a longer
period. [0013] An epoxy resin composition for encapsulating a semiconductor of this invention
can provide an eco-friendl/ semicon dfketor device 8 with excellent reliability and productivity
and can be, therefore, suitably u for industrially manufacturing a semiconductor device.
BEST MODE FOR)@&B Q) EHNVENTION 5 [001¢3 This invention relates to an
epoxy resin composition fgr—encapstilating a semiconductor device, essentially comprising (A)
a phenol aralkyl epoxy résin having afgiphenylene structure represented by general formula
(1) described later, and (B) a phenolic

5 t0012]

(X in the formula {(3) represents halogen; R2 represents
hydrogen or alkyl or aryl having 1 to 8 carbon atoms; and individual
RZs may be the same or different) with phenols;

[3]The epoxy resin composition for encapsulating a

10 semiconductor as described above, wherein the phenolic resin (B)
may have a scftening point of 60 to 70 °C; and

[4]1A semiconductor device manufactured by encapsulating a
semiconductor chip with any one of the epoxy resin compositicns for
encapsulating a semiconductor as described above.

15 This invention can provide an epoxy resin composition for
encapsulating a semiconductor exhibiting excellent flame retardance
and soldering heat resistance without a halogenated organic compound
or antimony oxide. Furthermore, the composition can be used for
encapsulating a semiconductor chip to form a semiconductor device,

4 in which fouling in a molding or air-vent blocking can be reduced,
allowing for continuous molding for a longer period.

[C013]
An epoxy resin composition for encapsulating a semiconductor

of this invention can provide an eco-friendly semiconductor device



10 resin mainly comprising a phenol aralkyl phenolic resin having a biphenylene structure
represented by general formula (2) described later in which a component having up to three
aromatic rings in one molecule is contained in 0.8 % or I&ss in an area ratio as determined
by GPC analysis. Such a resin has flame retardance without a flame 15 retardant such as a
halogenated organic compound and antimony and is so moldable to give a higher

productivity. The resin can kielus%d for.encapsulating, to pravide.an epoxy-resin encapsulate
semiconductor d%%%e ev}liﬁeexceerflenrcee(llﬁasbo%%ﬁ Xg%%%éﬁgglgs%gr%g lA%? ear%{éoa%lgﬁ? of it'_ls’k]llgregore ’

invention will be descaRed insdetal - 2h 00} The eneenresic (i used IS sMRQdIDERES; ce .
represented by general formula (1): [0016] (Chem. 4) 259 P1 OG R2 R2 R1 OG P2 R2 R1

0G CH2 0 Q CH2 CH2 *CH2_0 (1) R1 R2 R2 R1 gn R2 P2 R1[0017] (n in the formula (1) is
an average within a range of 0 to 10, preferably 0 to 5; G represents glycidyl; Rl and R2
independently SBfEpreenthytfiogeArRivalkid araryThaviny V=8 @arbon atoms and R1 and
R2 may be the same or different). In the formula, "n" indicates an average molecular chain
length. ForPexanipl@lhen molecular chains of n0, 1, 2 and 3 are present in 10 %, 30 %, 50

% and 10 %, respectively, in general forgmula 10 {1)C an %vera e'"n"is ] o .
(OX10+1X30+2X50+3X10)/1r6 :sl.zé'}ven ion relates to arl epoxy resin composition for

encapsulating a semiconductor device, essentially comprising (A)
a phenol aralkyl epoxy resin having a biphenylene structure
represented by general formula (1) described later, and (B) a phenolic
10 resin mainly comprising a phenol aralkyl phenolic resin having a
biphenylene structure represented by general formula {2) described
later in which a component having up to three aromatic rings in one
molecule is contained in 0.8 % or less in an area ratio as determined
by GPC analysis. Such a resin has flame retardance without a flame
15 retardant such as a halogenated organic compound and antimony and
is so moldable to give a higher productivity. The resin can be used
for encapsulating to provide an epoxy-resin encapsulated
semiconductor device with excellence in soldering heat resistance.
An embodiment of this invention will be described in detail.
20 [0015]
The epoxy resin (A) used in this embodiment is represented
by general formula (1}:
(00161

{(Chem. 4)



Examples of alkyl having 1 to 8 carbon atoms for Rl or R2 include -CH3, -C2H5, -C3H7 and
-C4H9, particularly -CH3. Examples of aryl having 1 to 8 carbon atoms for R1 or R2 include
-C6H5 and isomers represented by -C6H4-CHS3, particularly -C6H5. } 15 [0018] Such an
epoxy resin can be prepared by reacting the phenolic resin (B) used in this embodiment with
epichlorohydrin in the presence of an alkali-metal oxide. The epoxy resin (A) used in this
embodiment may be used in 27 combination with another epoxy resin. An epoxy resin which
can be combinedﬁgﬁa)@b,e any BPthose havipg two &t eye epoxy gtbups in eng moIeRt’]IeOG
Examples may include biphenyl type epoxy/resins, hydrogyinone tyge epoxy fesins, stilpbenpe
type epoxy resins, i % t 0, IN§,,Cr
Novolac 10 type e o2 l- fied 2 (1)
triphenolmethane type epoxy resins, triazing-core cohtaining epoxy.,resins an
dicyclopentadiene-modified phe resifd] In terms of ¥ combinaticfi ratioﬁiq
combined, the epoxy resin (A) used 5 in this embodiment is contained preferably in 50 wt% or
more, more preférabl]70 wt% or more to the total amount of epoxy resins. The epoxy resin
(A) can be contained within the above range to achieve adequate flame retardance.

Furthermore, a ratio of the tétal iubitert ¥ Phtfholié hydtoXy §HRHFRFIE-fotaPepoky PitnBdr O to

in the epoxy 10 resin may be 0.5 . 9, where deterioration in curing properties may be
minimized. [0010] THE GGG b o) b T ErhBo e o gy 12 dependenty

5 represent hydrogen or alkyl or aryl having 1 to 8 carbon atoms and
Rl and R2 may be the same or different).

In the formula, "n" indicates an average molecular chain
length. Fcr example, when molecular chains of n=0, 1, 2 and 3 are
present in 10 %, 30 %, 50 $ and 10 %, respectively, in general formula

10 (1), an average "n" is (0x10+1x30+2x50+3x10)/100 = 1.6.

Examples of alkyl having 1 to 8 carbon atoms for Rl or R2
include -CHi, -CuHs, -C3H; and -C4Hs, particularly -CHs.

Examples of aryl having 1 to 8 carbon atoms for Rl or R2
include -CgHs and isomers represented by —CgHy~CHz, particularly —CgHs.

15 [0018]

Such an epoxy resin can be prepared by reacting the phenolic
resin (B) used in this embodiment with epichlorohydrin in the presence
of an alkali-metal oxide.

The epoxy resin (A) used in this embodiment may be used in

D combination with another epoxy resin. An epoxy resin which can be
combined may be any of those having two or more epoxy groups in one
molecule. Examples may include biphenyl type epoxy resins,
hydroguinone type epoxy resins, stilbene type epoxy resins, bisphenol

type epoxy resins, phenol Novolac type epoxy resins, cresol Novolac



resin represented by general formula (2): 15 [0020] (Chem. 5) R1 OFi R2 P2 R1 OH R2 R2
R1OH-0CH24 CHZ--~CH2fCHZ (2) n R1R2R2R1 R2 R2 R1 [0021] (n in the formula
(2) is an average within a range of 0 to 29 10, preferably 0 to 5; R1 and R2 independently
represent hydrogen or alkyl or aryl having 1 to 8 carbon atoms and Rl and R2 may be the
same or different). n and alkyl and aryl having 1 to 8 carbon atoms for Rl or R2 are as

described above. 11, [0022] The:| ,neﬁﬁgﬁéiﬂo(ﬁaéeamg% goftening point of 7Q £ O 45 £5 ed

lower indicating a low viscaosity, in the light of flow properties; ‘further a softening poirit is

preferably 60 to 70ignhlan the-vieneStefhandling preperties i theanuse Of PIOgHENTaRg epoxy
epoxy resin composition. [0023] Such a phenolic resin can be prepared by, but not limited to,

condensing a compawsdaeprésentdd by iasmiilen@3)withi fhenots &b(or gphepobgorgxaimng) In
in the presence of an acid catalyst: [0024] (Chem. 6) R2 R2 XCH2 Q CH2X (3)
terms of a combinaticn ratio, if combined, the epoxy resin (A) used
5 in this embodiment is contained preferably in 50 wt% or more, more
preferably 70 wt% or more to the total amount of epoxy resins. The
epoxy resin {A) can be contained within the above range to achieve
adequate flame retardance. Furthermore, a ratio of the total number
cf phenolic hydroxyl group to the total epoxy number in the epoxy
10 resin may be 0. 5 to 1. 5, where deterioration in curing properties
may be minimized.
[C019]

The phenclic resin (B) used in this embodiment is an epoxy

resin represented by general fcormula (2):

15 [C020]
{Chem. 5)
| R1oy R o Rlgoy  R2 e Rl oy
@{wzcm{j@%cm@@mg@ (2)
R1 R2 R2 1 " R2 R2 R1
[0021]

(n in the formula (2) is an average within a range of 0 to
20 10, preferably 0 to 5; R1 and RZ independently represent hydrogen
or alkyl or aryl having 1 to 8 carben atoms and Rl and R2 may be
the same or different).
n and alkyl and aryl having 1 to 8 carbeon atoms for R1 or

R2 are as described above.



R2 R2 [0025] 15 (X in the formula (3) represents halogen; R2 represents hydrogen or alkyl

or aryl having 1 to 8 carbon atoms; and individual R2s may be the same or different). Alkyl

and aryl having 1 to 8 carbon atoms for R2 areas describad above. 2D [0026] Examples of

the phenol compound which is reacted with the compound represented by general formula

(3) include phenol, and substituted phenols such as cresol, methylphenol, n-propylphenal,

xylenol, methylbwwggznol including o-, m- and p-isomers, 12 cyclopentylphenol and
cyclohexylphenol. These phenols may be used alone or in combination of two or more. [0027]
 phenolic resin prepared by, gopdeqsgtion el thc.compauryl o enresenied by gangiale o« 70 o
formula (3) with the phenols contains the phenolic resin component represente lg)y genera
formula (2) as acmaig.compenessandsis akiained as<a mixture fudher §RPIBININGA properties,
component having up to three aromatic rings in one molecule. A component having up to

three aromatic ribgstharmixtse genehallpdOriends tpextidezinian ar wenty catsing falinth view
the air vent during a molding process. As a result, such a component having up to three _
aromatic rifgs iaptRrdetensrateTefsdskbity bf FASheS i e Fercieadifg 36 résiadl resin
flashes in the air vent. In this embodiment, a rate of the component having up to three

aromatic rings 159RH motétule in the phenolic resin (B) is adjusted to 0.8 % or less in an

area ratio as det%%dbyGPC analysis, to reduce incomplete

Such a phenolic resin can be prepared by, but not limited

to, condensing a compound represented by formula (3) with phenols

10 {or a phenol compound) in the presence of an acid catalyst:
[0024]
{Chem. o)
RZ R7
XCH, CH,X (3)
R2 R2
{0025]
15 (X in the formula (3) represents halogen; RZ represents

hydrogen or alkyl or aryl having 1 to 8 carbon atoms; and individual
R2s may be the same or different).
Alkylandarylhavinglto8carbonatoms for R2 areas described
above.
2 [0026]
Examples of the phencl compound which is reacted with the
compound represented by general feormula (3) include phenol, and
substituted phenols such as cresol, methylphenol, n-propylphenocol,

xylenocl, methylbutylphenol including o-, m- and p-isomers,



filling due to the residual flashes in a mold part corresponding to the air vent. [0028] 20
Examples of the component having up to three aromatic rings in one molecule herein include
compounds represented by general formulas (4) to (7).1@029] (Chem. 7) 2513 R1 OHR1
OHOHR1(4)QCH2Q(6) RIR1R1 R2ZP2R10OHR2R2Q Q (5) CH2 4R3 (7) R2R2R1
R2 R2 [0030] (RI in the formulas (4) to (7) represents hydrogen, alkyl or aryl having 1 to 8

carbon atoms or phenol, and in%ivid al RIs 5 may be the same or djfferent; R2 represent
hydrogen, alkyl %{{)%j;ﬁ%éa%%gl 168 cat 8?103{(%%%%%}( ﬁHR/Iilé)?]Lal R é ?nséey%}éetﬂggs%rrﬂa OSPe used

different; R3 represgntsydrogenalkyL having l-ta § carhop afams or aryl, or aldehyde. Alkyl
and aryl having 1 to 8 carbon atoms for R1, R2 and 10 R3 are as described above. [0031]

The phenolic resimp@B)jused in this embodiment may be used in combination with another
phenolic resin. A phenolic resin which can be combined may be any of those having two or
more phenolic hydroxyl A phenolic resin prepared by condensation of the compound

5 represented by general formula (3) with the phenols contains the
rhenolic resin component represented by general formula (2) as a
main component, and is obtained as a mixture further containing a
component having up to three aromatic rings in one molecule. A
component having up to three aromatic rings in a mixture generally

10 tends to exude in an air vent, causing fouling in the air vent during
a molding process. As a result, such a component having up to three
aromatic rings is apt to deteriorate releasability of flashes in
the air vent, leading to residual flashes in the air vent. In this
embodiment, a rate of the component having up to three aromatic rings

15 in one molecule in the phenclic resin (B) is adjusted to 0.8 % or
lessinanarearaticasdeterminedbyGPCanalysis, toreduce incomplete
filling due to the residual flashes in a mold part corresponding
to the air wvent.

[0028]

2 Examples of the component having up to three aromatic rings
in one molecule herein include compounds represented by general
formulas (4) to (7).

[0029]

(Chem. 7)



15 groups in one molecule, including phenol Novolac resins, cresol Novolac resins,
dicyclopentadiene-modified phenolic resins, xylylene-modified phenolic resins,
terpene-modified phenolic resins and triphenolmethane$pe Novolac resins. In terms of a
combination ratio, if combined, the phenolic resin (B) used in this embodiment 2D is
contained preferably 30 wt% or more, more preferably 70 wt% or 14 more, to the total
amount of phenolic resins. The phenolic resin (B) may be contained within the range, to
achieve adequate fldrfegrgtardance. [0032] 5 In this emb@ﬂ'nﬁﬁqt, the compysijtion

comprises, as essentigl [components, (A) an epoxy resin represented by gener formula (2)
and (B)a phenolic resi prising a phengljc.resin compon epr%r:t general (6)
formula (2) in which a onent having u% 0 three aroma gsi cule is

contained in 0.8 % or 10 less in an area ratio as determined’by GPC analysis. [t may further
comprise (C) a curin&&ccelerator and (D) an inorganic fill 1 [0033] A curing actélerator ©
optionally used in this embodiment refers to a compound capable of acting as a catalyst in a
crosslinking 15 reaction between the epoxy resin and theRphenlic resim;including@t not
limited to, amines such as triutylamine; organophosphorous |compound$ such as
triphenylphosphin traphenylphosph¢aiym tetraphe ate; ang’'/mjdazolés,such as
2-methylimidazole ¥The J¥Ing accelerators may be use e orin ¢ al

20 more. [0034] Agpinorganic filter (D) optionally used in tfllDi1 embodimeRz S5

[0030]

(R1 in the formulas (4) to (7) represents hydrogen, alkyl

or aryl having 1 to 8 carbon atoms or phencl, and individual Rls

5 may be the same or different; R2 represents hydrogen, alkyl or aryl
having 1 to 8 carkon atoms, and individual R2s may be the sams or
different; R3 represents hydrogen, alkyl having 1 to 8 carbon atoms
or aryl, or aldehyde.

Alkyl and aryl having 1 tc 8 carbon atoms for R1, R2 and

10 R3 are as described above.
[0031]

The phenolic resin (B) used in this embodiment may be used
in cocmbination with another phenclic resin. A phenolic resin which
can be combinedmay be any of those having two or more phenolic hydroxyl

15 groups in one molecule, including phencl Novolac resins, cresol
Novolac resins, dicyclopentadiene-modified phenolic resins,
xylylene-modifiedphenoclic resins, terpene-modified phenclic resins
and triphenclmethane type Novolac resins. In terms of a combination
ratio, 1if combined, the phenolic resin (B) used in this embodiment

2 is contained preferably 30 wt% or more, more preferably 70 wt% or



may be in the form of flakes or spheres. Spherical silica may be mainly used from the view of
increasing a content of fused silica 25 powders and inhibiting increase in a melt viscosity of a
resin composition. Furthermore, in order to increase a content of spherical silica, a size
distribution of the spherical silica may be adjusted 15 to be relatively wider; for example, 82 to
92 wt o . Spherical silica may be contained within this range to reduce a content of the resin,
reduce a water absorptié)n %'i]qd inf(ljitgit eterior tioggn %%!Idle&iri]% heat, resistance while

inhibiting deterioratioh in?lowa?biﬁty SF 5the Tesin co%posﬁlon. [68§§Fﬁ1'adgi Sn%%g]ajb%v%esm
components of (A, 19D, géeéwgmimﬂmiw@%q@% A, AhRECeSSMYnuate flame

comprise various additives including a coupling agent such as

y-glycidoxypropykrimethoxysilane; a low-stress component such as silicone oil and silicone
rubber; a coloring agent such as carbon black; a mold release such as a natural or synthetic

wax, a higher fdth agid and its metal salt and paraffins; and an antioxidant. [0036] 15 These
components can be blended to give a mixture, which can be then kneaded by heating using a
heating knfeeder or hot rolléf tdobfearehnrpuiveiizcddio provide it desiredresisesmpositiopential
For manufacturing a resin-enca@?#lated semiconductor device by encapsulating an electronic

chip such as a SEMRBNGHERY uling 220 SRS EBMPbsTdH BETIS RhbsdRmIRE tHe formula (1)

composition c_ar_1a98 rragl)d tgy ac\)/!elgikrj}%vs\i/rl}rprgcess such as transfer Eloldiné:]S compression

molding and injection mgleg%)nge. ucharesin coﬁggﬁﬁgﬁrﬁaﬁ b%haeﬁlpcfleﬁctorcoéﬁng,Omponent
iniulating or encapsulating ohap.elgelficRart. R KARSISIOR) in which a component having up
--} to three aromatic rings in one molecule is contained in 0.8 % or
10 less in an area ratic as determined by GPC analysis. It may further
comprise (C) a curing accelerator and (D) an inorganic filler.
[0033]
A curing accelerator (C) optionally used in this embodiment
refers Lo a compound capable of acting as a catalyst in a crosslinking
15 reaction between the epoxy resin and the phenolic resin, including,
but not limited to, amines such as tributylamine; organophospherous
compounds such as triphenylphosphine and tetraphenylphosphonium
tetraphenylborate; and imidazoles such as 2-methylimidazole. These
curing accelerators may be used alone or in combination of two or
Py more.
(00347
An inorganic filler (D) optionally used in this embodiment
may be in the form of flakes or spheres. Spherical silica may be
mainly used from the view of increasing a content of fused silica
25 powders and inhibiting increase in a melt viscosity of a resin

composition. Furthermore, inordertoincreaseacontentof spherical

silica, a size distribution of the spherical silica may be adjusted



as an electronic part, an integrated circuit, etc. 25 [0037] This embodiment can provide an
epoxy resin composition for encapsulating a semiconductor which has flame retardance
without 16 a flame retardant such as a halogenated orgddic compound and antimony and
can contribute to higher productivity because of its improved moldability as well as an
epoxy-resin encapsulated semiconductor device with improved soldering heat resistance.

Thus, this invention;.can e syitably.aprlied £ 2 sUace Moyating §ype semicenduetol 1 <314,
device such as QFP (Quad Flat Package) and LQFP (Low profile QFP) (Embodiment 1)

[0038] This inventignivlides tarespedifieally deseribedquitho10rgference doumetlipited esin,
to, Examples consisting of the following experimental examples. The epoxy resins and the
phenolic resins ussthiretheseaerpe dimental Examples arerascfotlodkst {0038 ath &1 anspakyring
resin represented by formula (8) (Nippon Kayaku Co., Ltd., NC-3000P, epoxy equivalent:

274, softening pBRt62 €)1 4D ECHeRt.8) 0l oG '0g detrczrcHPg GH2BRRAE) Aty of
20 [0041] (g/vher(%iQeG repr,esent?n 8%’5@’;@!'&[_0042]

10

16

resin co
[0035]

In addition to the above components of (A) to (D), a resin
composition of this embodiment may, if necessary, comprise various
additives including a coupling agent such as
y-glycidoxypropyltrimethoxysilane; a low-stress component such as
silicone oil and silicone rubber; a coloring agent such as carbon
black; a mold release such as a natural or synthetic wax, a higher
fatty acid and its metal salt and paraffins; and an antioxidant.
[0036]

These components can be blended to give a mixture, which
can be then kneaded by heating using a heating kneeder or hot roller,
cooled and pulverized to provide a desired resin composition.

Formanufacturinga resin-encapsulated semiconducteor device
by encapsulating an electronic chip such as a semiconductor using
a resin composition of this embodiment, the composition can be molded
by a well-known process such as transfer molding, compressionmolding
and injection molding. Such a resin composition may be applied to
coating, insulatingorencapsulatingofanelectricpart, atransistor
as an electronic part, an integrated circuit, etc.

[0037]
This embodiment can provide an epoxy resin composition for

encapsulating a semiconductor which has flame retardance without



E-2: ortho-cresol Novolac epoxy resin (Nippon Kayaku Co., Ltd., EOCN-1020, softening point
62 C, epoxy equivalent 200). 25 E-3: biphenyl type epoxy resin (Japan Epoxy Resins Co.,
Ltd., 17 YX-4000H, melting point: 105 C, epoxy equivaléfit: 195) 0043] H-1: a phenolic resin
comprising a phenolic resin component represented by formula (9) as a main component,
which contains a 5 component having up to three aromatic rings in one molecule in 0.1 % in

an area ratio as determingd:hy GG (GeliPumeation fhiomajography) é%@élﬁﬁ@ﬂ@%t imony

equivalent: 202, softening point: 65 C). H-2: a phenoliC resin comprising a phenolic resin
component repegsenied bysiermta(?) as angi:copRaNent Which eatainsack0its improved
component having up to three aromatic rings in one molecule in 0.4 % in an area ratio as

determined by GRCd&=el ParmeatioreChramatography)y -anadyisis €hydnoxy eguivalestin 203nductor
softening point: 67 C). H-3: a phenolic resin comprising a phenolic resin component

represented by fStifil& 10) tds1@REGN e @ apbireRt\WHIER eortalrd ants comMpowent havibgvgmt ion
to three aromatic rings in one molecule in 0.7 % in an area ratio as determined by GPC (Gel

Permeati_oﬁ ChrS%t §ra%hjy§%yé‘%%%%ﬁ%ﬁ’ui%‘l%ﬁ%%f}%@% Wiit: GSP@)‘?WQPCWI
2 phenalicresin comorsig 4 shenil esicompanen. tepresented byfoma, O) 252 ol

component, which Contains a aving up to aromatic rings in
molecule in 1.0 %:if,aA area fatq as determined by GPO (Gel Permeation Chromatography)
analysis (hydroxy equivalent: 202, softening point: 67 C). H-5: a phenolic resin comprising a
phenolic resin conmpmrent represented by formula (9) as a main component, which contains a
25'component having up to three aromatic rings in one molecule in 2.0

-7 This invention will be more specifically described with

10 reference to, but not limited to, Examples consisting of the following
experimental examples.
The epoxy resins and the phenclic resins used in these
experimental examples are as follows.
[0039]
15 E-1: an epoxy resin represented by formula {8) (Nippon Kayaku

Co., Ltd., NC-3000P, epoxy equivalent: 274, softening point: 62 °C)

[0040)]
{Chem. 8)
0G 0G ole!
@—ECHQCHE CHECHE@ (8)
n
2D (00417
(wherein G represents glycidyl.)
[0042]

E-2: ortho-cresol Novolac epoxy resin (Nippon Kayaku Co.,

Ltd., EOCN-102Z20, softening point 62 °C, epoxy equivalent 200).

25 E-3: biphenyl type epoxy resin {Japan Epoxy Resins Co., Ltd.,



% in an area ratio as determined by GPC (Gel Permeation Chromatography) analysis
(hydroxy equivalent: 203, softening point: 67 C). 18 [0044] (Chem. 9) OH ~~OHOH V| f
CH2 ti~ -CH2 CH2 g D CH2 (9) n [0045] 5 H-6: a para-xylylene-modified phenolic resin
(Mitsui Chemicals, Inc., XLC-3L, softening point: 71C, hydroxy equivalent: 175). H-7: a
phenol Novolac resin (softening point: 80 C, equivalent: 104). 10 [0046] (Experimental
Example 1) Epoxy resin E-I: 76.2 parts by weight Phenolic resin H-1: 51.0 parts by weight
Triphenylphosphing? Y Fart@ ) WeighP 25 8pherftal TaseG¥MiEa FOWAERERErage patticle
size: 16.0 m, maxmu particle size: 75 m): 860.0 parts by weight
y-Glycidoxypropyltrimethoxysilane: 4.0 parts by weight Carnauba wax: 4.0 parts by weight

Carbon black: 3.0 parts by yveight 20, Ai0f these-Gamponeris wese-bignded ina.axen %%‘Ehfonent

the mixture was kneaded 30 times using two rolls with surface temperatures of 90 C and

5

C to obtain the krgadeskprodticb gshéetrrline=knegdeds produdhshestywas coplechdnth themtains a
pulveri zed to give a resin composition. The resin composition was evaluated for its
properties &s folfwgonent having up to three aromatic rings in one molecule in 0.1

10

15

% inanarearatiocasdeterminedbyGPC (Gel Permeation Chromatography)
analysis (hydroxy equivalent: 202, softening point: 65 °C).

H-2: a phenolic resin comprising a phenolic resin component
represented by formula (2) as a main compconent, which contains a
component having up to three arcmatic rings in one molecule in 0.4
$inanarearatioasdeterminedbyGPC (Gel Permeation Chromatography)
analysis (hydroxy equivalent: 203, softening point: 67 °C).

H-3: a phenolic resin comprising a phenolic resin component
represented by formula (9) as a main component, which contains a
component having up to three aromatic rings in one mclecule in 0.7
% inanarearatioasdeterminedby GPC (Gel Permeation Chromatography)
analysis (hydroxy equivalent: 202, scftening point: 65 °C).

B-4: a phenolic resin comprising a phenolic resin component
represented by formula (%) as a main component, which contains a
component having up to three aromatic rings in one molecule in 1.0
¥ inanarearatioasdeterminedby GPC (Gel Permeation Chromatography)
analysis (hydroxy equivalent: 202, softening point: 67 °C).

H-5: a phenclic resin comprising a phenolic resin component
represented by formula (2) as a main component, which contains a
component having up to three aromatic rings in one molecule in 2.0
% inanarearatioasdeterminedby GPC (Gel Permeation Chromatography)

analysis (hydroxy equivalent: 203, softening point: 67 °C).



25 The evaluation results are shown in Table 1. 19 [0047] (Evaluation and analyses) *GPC
analyzer Liquid feeding pump L-6000 (Hitachi, Ltd.) 5 UV detector: L-4000 (Hitachi, Ltd.)
Determined as an absorbance at 254 nm Column: KF-803 (one) + KF-802.5 (two) + KF-802
(one) Solvent: tetrahydrofuran (THF) [0048] 10 *Spiral flow: determined a mold temperature
of 175 C, a transfer pressure of 6.9 MPa and a curing time of 2 min, using a mold for
measuring a spir, (gl )y in accordance with EMMI-1-66. [0049] *Soldering heat resistance:
160 pLQFP (package size: 24x24x1.4 15 (thickness) mm, frame: Cu, pad size: 8x8 mm),
mounted chip sizen e/ X035 (thickness) mm, passivation film: Pl) was transfer-molded under
the conditions of a mold temperature of 180 C, a transfer pressure of 9.8 MPa, a transfer time
of 7 sec, a curing @iAe of 120 sec, and further curedbgy 180 C for 4 hours to prepare a OH
package for evaluation-27 of soldering heat resistande. Fyelve packages thus prepared were
wetted under th @p&pr@g U] aiela y 1859 (Q)
168 hours, and bj eéted 1R w treat (260 C,Ain‘actordaice with the
conditions of JEDEC Lével 1) Each package was observed by a scanning acoustic
tomograph and tge ber 25 of internal cracks was expressed as a percentage for (the
number of pack %%%%Eving cracks) /(the total number of packages) [0050]

5 H-6: a para-xylylene-modified phenclic resin (Mitsui
Chemicals, Inc., XLC-3L, softening point: 71 °C, hydroxy eguivalent:
175) .

H-7: a phenol Novolac resin (scftening point: 80 °C,
equivalent: 104).
10 [004¢6]
(Experimental Example 1)
Epoxy resin E-1: 76.2 parts by weight
Phenolic resin E-1: 51.0 parts by weight
Triphenylphosphine: 1.8 parts by weight

15 Spherical fused silica powder (average particle size: 16.0

im, maximum particle size: 75 um): 860.0 parts by weight

y-Glycidoxypropyltrimethoxysilane: 4.0 parts by weight

Carnauba wax: 4.0 parts by weight

Carbon black: 3.0 parts by weight
20 All of these components wereblended in amixer and themixture
was kneaded 30 times using two rolls with surface temperatures of
90 °C and 45 °C to obtain the kneaded product sheet. The kneaded
product sheet was cooledandthenpulverizedtogivearesincomposition.
The resin composition was evaluated for its properties as follows.

25 The evaluation results are shown in Table 1.



20 *Flame retardance Using a low-pressure transfer molding machine, a test piece with the
size of length: 5 inches, width: 1/2 inch and thickness: 1/8 inch was prepared under the
conditions of a mold temperature 5 of 175 C, a transfer pressure of 9.8 MPa and a curing time
of 120 sec. After being heated at 175 C for 8 hours as post-curing, the test piece was placed
under the atmosphere of a temperature of 23 C and a relative humidity of 50 % for 48 hours,

and then subje
flame retardanc

fo(é J easurement in accordance with the UL-94 vertical test. 10 Rating of

etermination of flame retardance (V-0): Fmax: 10 sec or less EF: 50 sec

or less Glow exti@g&g{g&g% %‘?{}Ii‘%‘é@)‘ flame: 30 sec or 15 less Ignition of cotton

with a droplet: none Determination of flame retardance (V-1): Finax: 30 sec or less EF: 250
sec or less ZO Glowcextinctipneafter second contact with flame: 60 sec or less Ignition of
cotton with a droplet: none Determination of flame retardance (-): The above conditions are
not met. 25 Herein, EF is the tptatitifesafiffamingr(set) a0dFnibx isdhe maxisnum flaming

time (sec). [0051] 21
5

10

15

UV detector: L-4000 (Hitachi, Ltd.)

Determined as an absorbance at 254 nm
Column: KF-803 (one)+KF-802.5 (two)} +KF-802 (one)
Solvent: tetrahydrofuran (THF)
[0048]
*Spiral flow: determined a mold temperature of 175 °C, a transfer
pressure of 6.9 MPa and a curing time of 2 min, using a mcld for
measuring a spiral flow in accordance with EMMI-1-66.
[0042]
*Soldering heat resistance: 160 plLQFP (package size: 24x24x1.4
{thickness) mm, frame: Cu, pad size: 8x8 mm), mounted chip size:
Tx7%x0.35 (thickness} mm, passivation film: PI) was transfer-molded
under the conditions of amold temperatureof 180°C, atransferpressure
of 9.8 MPa, a transfer time of 7 sec, a curing time of 120 sec, and
further cured at 180 °C for 4 hours to prepare a package for evaluation
of soldering heat resistance. Twelve packages thus prepared were
wetted under the atmosphere of a temperature of 85 °C and a relative
humidityof 85% for 168 hours, and then subjectedto IRreflowtreatment
(260 °C, in accordance with the conditions of JEDEC Level 1). Each
package was observed by a scanning acoustic tomograph and the number
of internal cracks was expressed as a percentage for (the number
of packages having cracks) (the total number of packages).

(0050}



*Continuous molding properties A mold for encapsulating a 8OpQFP (14x20x2.0 mm)
semiconductor was treated to have releasability. Using an epoxy resin composition,
continuous automatic operation was conducted under 5 #{e molding conditions of a mold
temperature of 175 C, a transfer pressure of 7.3 MPa, a transfer time of 8 sec, a curing time
of 60 sec. A molding from each shot was checked for incomplete filling and when incomplete
filling was presemgfgﬁéngl \ggﬁgﬁggked for air-vent blocking. Then, the mold was evaluated

by the shot number 10 until iIncomplete filling occurred due to air-vent blocking. When

incomplete filling was not ofiseneed, thg; operation-was-cantaed 101300 shats[0052] «est piece
(Experimental Examples 2 to 13) 15 With the formulations shown in Table 1, molding

materials were pteparedeasdescritied éngxperimeniahexampleiinYsing thessh maldlingickness:
materials, evaluation was conducted as described in Experimental example 1. The evaluation
results are showlvit Tale ¥22D{0653) T ableity22h8 Wandd O.n© Nff @ @almh mehberature
0g MN NNWOOOOOCorOoQQC) _ VNmMQNPO
5 of 175 °C, a transfer pressure of 9.8 MPa and a curing time of 120
sec. After being heated at 175 °C for 8 hours as post-curing, the
test piece was placed under the atmosphere of a temperature of 23
°C and a relative humidity of 50 % for 48 hours, and then subjected
to measurement in accordance with the UL-~94 vertical test.
10 Rating of flame retardance
Determination of flame retardance (V-0):
Fmax: 10 sec or less
ZF: 50 sec or less
Glow extinction after second contact with flame: 30 sec or
15 less
Ignition of cotton with a droplet: none
Determination of flame retardance {(V-1):
Fmax: 30 sec or less
XF: 250 sec oxr less
20 Glow extinction after second contact with flame: 60 sec or
less
Ignition of cotton with a droplet: none
Determination cof flame retardance (-}:
The above conditions are not met.
s Herein, ZF is the total time of flaming (sec) and Fmax is

the maximum flaming time (sec).

[0051]
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*Continuous molding properties

A mold for encapsulating a B0pQFP (14x20x2.0 mm)
semiconductor was treated to have releasability. Using an epoxy
resincomposition, continuous automaticoperationwas conductedunder
the molding conditions of a mold temperature of 175 °C, a transfer
pressure of 7.3 MPa, a transfer time of 8 sec, a curing time of 60
sec. A molding from each shot was checked for incomplete filling
and when incomplete filling was present, the mold was checked for
alr-vent blocking. Then, the mold was evaluated by the shot number
until incomplete filling occurred due to air-vent blocking. When
incomplete filling was not observed, the cperation was continued
to 500 shots.

[0G52]
(Experimental Examples 2 to 13)

With the formulations shown in Table 1, molding materials
were prepared as described in Experimental example 1. Using these
melding materials, evaluation was conducted as described in
Experimental example 1. The evaluation results are shown in Table
1.

[0053]

{(Table 1)
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[0054] All of Experimental examples 1 to 7 showed excellent fluidity, soldering heat
resistance, flame retardance and continuous molding praperties. In Experimental examples 8,
9 and 11 using a phenolic 5 resin comprising a phenolic resin component represented by
general formula (2) as a main component which contained a component having up to three
aromatic rings in @ne molecule in more than 0.8 % in an area ratio as determined by GPC

analysis, incomp[l

Pe5ﬁliing with a resin due to air-vent blocking occurred in the early stage,

giving 10 unsatsfactory ests i O e9nUous, making propeytes. EXRSTENA) i ey,

examples 10 and 11 without an epoxy resin represented by genera

ormula

Experimental examples {2and 13 wathout -3 pbenpligresin.componept iepresented s moiding

general formula (2) gave unsatisfactory results in terms of flame retardance. Experimental 15
examples 10 andrkpalsoigave unsatisfiastorysasulls 4k tepisef ssoldesing heat:kesistanGshenolic
-24- What is claimed is: 1. An epoxy resin composition for encapsulating a semiconductor,
consisting &ssemiirof-GRcart epory Fesirereprésented. byqyenerakformdaréerReOGyRZeneral
R2 R1 O0On R2 R2 R1 OG CH2 ~ (t}~ CH2 CH2 t~}~-CH2 (1)

10

15

formula {2) as a main component which contained a component having
up to three aromatic rings in one molecule in more than 0.8 % in
an area ratio as determined by GPC analysis, incomplete filling with
a resin due to air-vent blocking occurred in the early stage, giving
unsatisfactory results in terms of continuocus molding properties.
Experimental examples 10 and 11 without an epoxy resin represented
by general formula (1) and Experimental examples 12 and 13 without
a phenclic resin component represented by general formula (2) gave
unsatisfactory results in terms of flame retardance. Experimental
examples 10 and 13 alsc gave unsatisfactory results in terms of

soldering heat resistance.



R1 R2 R2 R1 R2 "-----R2 R1 wherein is an average within a range of 1 to 10; G represents glycidyl; R1
and R2 independently represent hydrogen or alkyl or aryl having 1 to 8 carbon atoms and R1 and R2 is
the same or different; and (B) a phenolic resin mainly comprising a phenolic resin component
represented by general formula (2), in which a component having up to three aromatic rings in one

molecule is contained in 0.8 % or less in an area re ip as determined by GPC (Gel Permeation
Chromatography) analysis; R1 OH R2 R2 R1 OH R2 R2 R1 OH CH2 CH2 CH2 CH2 (2) nR1 R2R2 R1
R2 R2 R1 whelel? A is-&n Gverage withiA a range of 0 to 10; R1 and R2 independently represent

hydrogen or alkyl or aryl having 1 to 8 carbon atoms and R1 and R2 is the same or different. -25- 2. The
epoxy resin compositioh for&htapsditing’a SRMCRUGCE as daintediR Eiaim®t Whéréin the phenolic
resin (B) is producgd by xeacting a,coppeund represented Ry general fgrmula (3): P2 R2 XCH2 4 CH2X
(3) R2 R2 wherein X represents halogen; R2 represents hydrogen or alkyl or aryl having 1 to 8 carbon
atoms;

(A) an epoxy resin represented by general formula

(1) :

R1oz  RZ R7 R1 oG R2 R2 RT o
@{w@@g%@@}m@@%@
n

1 R2 R2 B Rz 2 1

wherein i1s an average within a range of 1 to 10;
G represents glycidyl; R1 and R2 independently
represent hydrogen or alkyl or aryl having 1l to 8 carbon

atoms and R1 and R2 1is the same or different; and

(B) a phenolic resin mainly comprising a phenolic
resin component represented by general formula (2), in
which a component having up to three aromatic rings in
one molecule is contained in 0.8 % or less in an area
ratio as determined by GPC (Gel Permeation

Chromatography) analysis;

Rlon  R2 Rz Rloy  RZ Rz R1 on
%@{wcﬂz@@}w@@}w@
M

1 R2 RZ B Rz Rz 1

wherein n is an average within a range of 0 to 10;
R1 and R2 independently represent hydrogen or alkyl or
aryl having 1 to 8 carbon atoms and R1 and R2 is the

same or different.



and individual R2s may be the same or different, with phenols. 3. The epoxy resin composition for
encapsulating a semiconductor as claimed in Claim 1, wherein the phenolic resin (B) has a softening
point of 60 to 70 C. 4. The epoxy resin composition for encapsulating a semiconductor as claimed in
Claim 2, wherein the phenolic resin (B) has a softening point of 60 to 70 C. 5. A semiconductor device
manufactured by encapsulating a semiconductor qgig)_with the epoxy resin composition for encapsulating
a semiconductor as claimed in Claim 1. -26- 6. A sémiconductor device manufactured by encapsulating
a semiconductor chip with the epoxy resin composition for encapsulating a semiconductor as claimed in
Claim 2. 7. A semiconductor device manufactured by encapsulating a semiconductor chip with the epoxy

resin composition for encapSiaang & S8mitoRadgordst caiméd in GlRiM B8 'R SéhiidoRductor device

manufactured by. gncapsulating,a semiconductar-chip with the-epexyresin, ieompositionfer encapsulating
a semiconductor as claimed in Claim 4. 9. An epoxy resin composition for encapsulating a

semiconductor,donasistingcessentially(df) is produced by reacting a compound

represented by general formula (3):

RZ R
HICH, CH,X (3)

R2 R2

wherein X represents halogen; R2 represents
hydrogen or alkyl or aryl having 1 to 8 carbon atoms;
and individual R2s may be the same or different, with

phenols.

3. The epoxy resin composition for encapsulating a
semiconductor as claimed in Claim 1, wherein the
phenolic resin (B) has a softening point of 60 to 70

°C.

4, The epoxy resin composition for encapsulating a
semiconductor as claimed 1in Claim 2, wherein the
phenolic resin (B) has a softening point of 60 to 70

°C.

5. A semiconductor device manufactured by
encapsulating a semiconductor chip with the epoxy resin
composition for encapsulating a semiconductor as

claimed in Claim 1.



(A) an epoxy resin represented by general formula (1): R1 OG R2 R2 R1 qCH2 R2 P2 R1 OG CH2 CH2
- X4 CH2 (1) R1R2R2 R1nR2R2R1 wherein nis an average within a range of 1 to 10; G represents
glycidyl; R1 and R2 independently represent hydrogen or alkyl or aryl having 1 to 8 carbon atoms and
R1 and R2 is the same or different; and -27- (B) a phenolic resin mainly comprising a phenolic resin
component represented by general formula (2), in which a component having up to three aromatic rings
in one molecule represented by general formula (L\{%—gd (7) is contained in 0.8 % or less in an area ratio

as determined By GPC(Gel Rermeatign Chrogmatogranhy) analysis; 5;@1@512@% R1 C% R2 RR2 R1
OH CH2 0 CH2 CH2 tL]r CH2 (2) nR1R2 R2 R1 R2 R2 R1 wherein nis an average within a range of 0

to 10; R1 and R2 inglependently sepresent hydrogert orratkyligr varylthavirgelpto:8ycaronratoms and R1

and R2 s the same o different, R1 OH R1 OH OH 10 (4) - CHzOI (6) R1R1R1 R2 R2 R10H R2 R2
(5)0(]424R3??Wp051t10n for encapsulat semiconductor

claimed in Claim 2.

7. A semiconductor device manufactured by
encapsulating a semiconductor chip with the epoxy resin
composition for encapsulating a semiconductor as

claimed in Claim 3.

8. A semiconductor device manufactured by
encapsulating a semiconductor chip with the epoxy resin
composition for encapsulating a semiconductor as

claimed in Claim 4.

9. An epoxy resin composition for encapsulating a

semiconductor, consisting essentially of

(A) an epoxy resin represented by general formula
(1) :

R1DG E1 o R1DG

B Gty

wherein n is an average within a range of 1 to 10;
G represents glycidyl; R1 and R2 independently
represent hydrogen or alkyl or aryl having l to 8 carbon

atoms and R1 and R2 1is the same or different; and



R2 R2 R1 R2 R2 wherein R1 represented hydrogen, alkyl or aryl having 1 to 8 carbon atoms or phenol,
and each individual R1 is the same or different; R2 represents hydrogen, alkyl or aryl having 1 to 8
carbon atoms, and each individual R2 may be the same or different; and R3 represents hydrogen, alkyl
or aryl having 1 to 8 carbon atoms, or aldehyde.
27-
(B) a phenolic resin mainly comprising a phenolic resin

component represented by general formula (2), in which a

component having up to three aromatic rings in one molecule

represented by general formula (4) to (7) is contained in 0.8

% or less in an area ratio as determined by GPC (Gel Permeation

Chromatography) analysis;

R1 oH RT oH RT oH

Bepdefipdal -

wherein n is an average within a range of 0 to 10;
R1 and R2 independently represent hydrogen or alkyl or
aryl having 1 to 8 carbon atoms and R1 and R2 is the

same or different,

RrR1 OH
(4) tﬁj} {(j (6)

R2 R2 R1 OH
OHO (5) E}}CHZRs (7)
R2 R2

wherein R1 represented hydrogen, alkyl or aryl having

R10OH

R1

1 to 8 carbon atoms or phenol, and each individual R1
is the same or different; R2 represents hydrogen, alkyl
or aryl having 1 to 8 carbon atoms, and each individual
R2 may be the same or different; and R3 represents
hydrogen, alkyl or aryl having 1 to 8 carbon atoms, or
aldehyde.





