[ SPECI FICATION] [Title of the Invention] EPDXY RESIN COVWGCSI TI ON FOR
SEM CONDUCTOR ENCAPSULATI ON AND SEM CONDUCTCOR DEVI CE 5[ Techni cal
Field of the Invention] [0001] The present invention rel ates
to an epoxy resin conposition for sem cbnduct or encapsul ati on and a
sem condu i that is encapsulated with the aforenentioned
epoxy resﬁﬁ%ﬁ%@f@%ﬂ for encapsulation. 10Priority is clained on
Japanese Patent Application No. 2010-260913, filed on Novenber 24,
2010, theliBReERETBYENANER is i ncorporated by reference herein.

[ Prior Arté{({)oooz El ectroni c conponents such as diodes, transistors,
and i nt egritORY RESRUCOM AT TOBE HUB RV Ul OR ENG BRI Lvai e AND
wWith a cured epoxy resin conpgs,tj I rii r, regarding
integrating circuits, an epox%@@h%ﬁ%@&@#gﬁés\m ch is a mxture
of an £poxpkchfishlTicld fiiid MYeaM)t that is based on a phenol resin,
and an inorganic filler such as fused silica and crystalline silica
and exhi b‘; xcell ent performance in terns of heat resistance and
noi sture resistance has been used. However, with the recent narket
trend towards Zﬁgn ni aturizat.ion, |ighter desi gn, and. hi gg E)er.f or jance
of electronic i het PERERILENHPR FFlafes DAL PXY B5M CRIMRETY f segpiconductor
sem conductor device integration and progress in surface nmount

t echnol og§naspsyetrcandusenseoniegior device dagls caeansniatediuiiethsaderepeaiiengd
on epoxy resin conpositions used for sem conductor device

encapsul agpaxy.resin composition f@@entfgulatiber hand, anot her tough demand
has al so been placed on cost reduction 250f sem conductor devices. In

recenfoyears, apGORRSS cMih& HiRFapaRQR PRIAPARESativh NG 20502808230 BfldQH
as a cheap bonding wire in place of a gold wire. [0003]

November 24, 2010, the content of which is incorporated by reference herein.
[Prior Art]
[0002]
Electronic components such as diodes, transistors, and integrating circuits have
15  thus far been mainly encapsulated with a cured epoxy resin composition. In particular,
regarding integrating circuits, an epoxy resin composition which is a mixture of an epoxy
resin, a curing agent that is based on a phenol resin, and an inorganic filler such as fused
silica and crystalline silica and exhibits excellent performance in terms of heat resistance
and moisture resistance has been used. However, with the recent market trend towards
20  miniaturization, lighter design, and high performance of electronic instruments, with a
year-by-year advancement of semiconductor device integration and progress in surface
mount technology of semiconductor devices, tough demands have been placed on epoxy
resin compositions used for semiconductor device encapsulation.
On the other hand, another tough demand has also been placed on cost reduction

25  ofsemiconductor devices. In recent years, a copper wire has been proposed, which is



Pat ent Docunent 1 describes a bonding wire. The bonding wire is
conposed of a core material that includes copper as a main ingredi ent
and a skin layer that is provided 5 over the core material and

i ncl udes copper and conductive netals, %herein either or both of the
conponent s ange corrp sitio of . the ]Skl [gr .are different from
those of FFRECEGAS F@rl?%ﬂ ““rWHeHbHaF%%f% "&ving a skin layer

t hi ckness of fromO0.001 mto 0.02 mis described to provide a
copper - baf¥¥3bondi ng wire that is cheap in material cost, having
excel l ent bal |l -bondi ng and w re-bondi ng performance and an adequate

| oop-f ormi ng 10Paefiddoamcat 1 Teeerbeppbondiag edrebThelborglivg were magontyesed of
applicable not only to fine wiring with narrow pitches but also to

thi ck W r iReref RhteRAWRAL ;héiﬁdes[c%%]as HOWE M efgredB@ing aSeMH epadbatioprovided
el ement that is bonded with the af orenenti oned copper wire is

encaps4l a i

ros; orancg et e Prd i B RATes %P@%%F%@g?@%?ﬁ%é%‘m*%& o bétn
Hum dity T of the resulting.sem uct or

St | o Of DsBRoN S B GRS LE MRSy BLoraTt H Gt AU Gorof the core
resistance reliability, the present inventors have found that

cor r osi onmateriahdl e oot ingrvirehasema slrin dyet tvidaesseidiem 8. 008 aure pH a2 um is

wire on a seni conductor elenent causes elevation of electrical
resi st ancdesribed toeprdOdic sooppactasahbatdingeirg drat s aheap thanefiel @st, warang
such el evation of electrical resistance or wire di sconnection at the

junction egedleRMRMtRshdiddhdivin-Bbhding Eé‘f&i’rﬁrﬂ@@aﬁcﬁéﬂ afighatk Yoot forming
sem conduct or devi ces |s expect ed to e inproved. [Citation List]

nexant ned R BnEe appi oear ed pendind BB Rlay R URRRIDI g BAe009g wirine
[ Surmary %}cxthl 1{]a¥1%nwt ;51?011]es Lut a?sboI t%qﬁic (\)viggcr ﬁ)?lp\é%%r Pé(s.t he I nvention]
[0004]

However, when a semiconductor element that is bonded with the

aforementioned copper wire is encapsulated with a conventional epoxy resin composition,
15 humidity resistance reliability (HAST: Highly Accelerated Temperature & Humidity
Test) of the resulting semiconductor device has been sometimes lowered.

In a semiconductor device with low humidity resistance reliability, the present
inventors have found that corrosion at the junction between an electrode pad and the
copper wire on a semiconductor element causes elevation of electrical resistance or wire

20 disconnection at the junction. Therefore, when such elevation of ¢lectrical resistance or
wire disconnection at the junction is prevented, the humidity resistance reliability of
semiconductor devices is expected to be improved.

[Citation List]
[Patent Document]

25 [0005]



5[ 0006] In view of the above circunstances, the present

i nvention has been achi eved. An object of the present invention is to
provi de an epoxy resin conposition for sem conductor encapsul ation
and a sem conductor device that is enca%sulated with a cured article
of the epoxy re o] 1

cpoxy. 101 esi n KBRTOERERSL P hnkRbe TGRS Phthy APERARUA Tl Puhfion
el ectrode metal wire on a sem conductor el enent under

hi gh- tenpggag@?gﬂgﬁ@ hi gh-hum dity conditions and provides the

sem conductor device with inproved reliability. [Means for Sol ving

t he Probl Emmhe00r]ina@ition] The present invention provi des an epoxy
resin conposition for sem conductor encapsul ation, which is used to
produce a[RebieanndbeSolvedéyitbelnygnttmrdapsul ati ng a seni conduct or

el enent that is nounted on a lead frame having a die pad unit or a
circuig s ate, and a netal wire that electrically connects an

el ectrode pad di sposed on the sem conductor el enent and an el ectrical

junction di sposgd. . i.r-cui rate,. th
poxy resin confoYEnd tof*n“?% %’00"38"9 BT ot Beslirdfiabionas hishifiigh o an
therein an ep resin , .a curing .agent ( B), .and an .inorganic
filler (CPbiet Q;ay%b%hreﬁfﬂﬁ IRNEHHEON ISIRPFOVIRY aTheROXY THHN ROHRANLIGH B4 of 90%
or nore with respect to the total area of all peaks as nmeasured by a
gel per nesgmisanditareataynkphy and e semeohdettor2B 08084t is encapsulated vith aThe
present invention provides an epoxy resin conposition for

sen conductied aattapsiit @po:0nresin cdapokitidg dor senliddnduvbee@iapsulitore IRE ¥poxy
resin (A) has a main peak area of 92% or nore with respect to the

total |@r egspf ccﬁﬁﬁosﬁﬁﬁikl%w@]% ﬁﬁ%&%ﬁ%ﬁia Rhclibe bgﬁleeﬂﬁﬁ BRakrb @ pad and a metal
chromat ography area nethod. 5[0 he present invention

e S AP - R

has a total ,chlo |ne content of 300 or less and, a hydrolysable
chl orine 8@$Pﬂ%ﬂ&%F‘Tﬁ@“ﬁﬁﬁ@ﬁ@rﬂ@@%e“fg}@@ﬁﬁTdrd“&ﬂﬁy[4] The  present

i nvention provides an epoxy resin conposition for sem conductor
encapsulatﬁﬂﬂw§§bﬁ&@@nkbb@ fablemly one of [1] and [2], wherein the
epoxy resin (A) has a total chlorine content of 200 ppmor |ess and a
hydr ol ysalpp@7¢hl ori ne content of 100 ppmor |ess. 15[0011] [ 5]
The present invention provides an epoxy resin conposition for

sem cpnduct or enp aéﬂl%lﬂrés*eh%véﬁtlcﬁlep%%ki@seﬂu Egbx§Psi R B&n?&sn[xér] fdro [4],
wherein the epoxy resin (A) includes an epoxy resin i

represent e by k08 S ok A RGn I TH Rudcho ph I8 Sahich B Hetee by

encapsulating a semiconductor element that is mounted on a lead frame having a die pad
unit or a circuit substrate, and a metal wire that electrically connects an electrode pad
disposed on the semiconductor element and an electrical junction disposed on the lead

20 frame or the circuit substrate; the epoxy resin composition for semiconductor
encapsulation includes therein an epoxy resin (A), a curing agent (B), and an inorganic
filler (C),in which the epoxy resin (A) has a main peak area of 90% or more with respect
to the total area of all peaks as measured by a gel permeation chromatography area
method.

25 [0008]



In the above fornmula (1), each R represents, independently from one
anot her, a hydrogen atom or a hydrocarbon group having 1 to 4 carbon
atons; n represents 5 polynerization degree; and the average val ue
of nis a positive nunber fromO to 4. 40012] [ 6] The present

i nvention provi an_epoxy resin copposition for sen conductor
encapsul ati on Q?EBEBW%&JXYGHEB%?O%%BW P Eegm[qg]qpog\ﬁ;‘gp n a

bl ending 5ratio of the epoxy resin _(A) is from 3% by mass. to 20% by
mass wi t hserseguetor sneanslainegs desgrilivd 1041k RbesHbLYRS cPES) RSRdAPHaT & MBI
for sem conductor encapsul ation. [0013] [ 7] The present

i nvent i onpgakavéade D&M oeporeywitle sispeat eophesotal ama bHall peaks epntastred by the
encapsul ati on as described in any one of [1] to [6], wherein the

metal Wi rge] peinfeatiof RN atVdrkhy 4r8Pdklhod. ~  [8] The present
i nvention provides an epoxy resin conposition for sem conductor

encapsul ﬁ@b@g}oas described in [7], wherein a dopant in an anmount of
0. 1% by S r less with respect to copper of the copper wire is

more. [0015] | L1 TH peReiiadeoli g ar s S8Rt pr rppihestign for Y TS O

sem conduct or device, including a sem conductor_ el enment nounted on a
| ead fr antEntigeidugtos eacapsyadoruas desebegnin any ppe of k] sugh Bty whereinghg cpoxy
nmetal wire electrically connecting an electrical junction disposed on
t he 20| eagtsinr{@)haon tdthlechtdrineuiontentitisd (lapen anktsamded eatrolyskblpeldorine

di sposed on the sem conductor elenent, and the sem conductor el enent

and the n_a;lﬁéilt\@ifqg(_)?ﬁinqg |@gcapsul ated with a cured article of the
epoxy resin conposition for sem conductor encapsul ati on as descri bed
in any, onﬁ)o%][l] to [8].

[4] The present invention provides an epoxy resin composition for
semiconductor encapsulation as described in any one of [1] and [2], wherein the epoxy
resin (A) has a total chlorine content of 200 ppm or less and a hydrolysable chlorine
content of 100 ppm or less.

15 [0011]

[5] The present invention provides an epoxy resin composition for

semiconductor encapsulation as described in any one of [1] to [4], wherein the epoxy

resin (A) includes an epoxy resin that is represented by the following formula (1),

[Chemical Formula 1]

R R R R N R R R R
V) )Y T )
R R R R R R R R

20 - —n

In the above formula (1), each R represents, independently from one another, a

hydrogen atom or a hydrocarbon group having 1 to 4 carbon atoms; n represents



[ 0016] 25[10] The present invention provides a sem conductor device
as described in [9], 6 wherein the netal wire is a copper wre.
[Effects of the Invention] [0017] - An epoxy resin conposition
for sem conduct or encapsul ation accordi?*lg to the 5present invention

provi des golh@hlidiiddsphl EnPREICEALLEHOE oFF Y £ oAl A Soni RS £V Ed

hum dity reSistance r ity. [Brief Description of the Draw ngs]

[ 0018] 0 Fig. 1 is a schematic diagramrepresenting the
cross-sec{q 3%] of a sem conductor 10device of the present invention.

[ Enbodi nents of qﬁhg | nvent.i on] . [0019_& Herei nafter, epbodi nents
of the present IHVERPISENEPECTHIORPFOIELH R PRXY EFHY €SI Ohur es.
Note that, in all of the figures, the sane constituents are indicated
by the sasemitsrdictrencavsnlatibe asdesanbed spasitoad oékidita bt wbarsin ableadihg
are abbrevi ated appropriately. [0020] An epoxy resin

conposi t i eitiof dthSGixg Qe CA DI fRINE APShY Matsod 2806 By thaRgwith réshectps raotal

invention is used to produce a sem conductor device, wherein a
sem condugt,g&] e 3 ESnpssi 2 deh {cBAR AREnBehsRIafibf. Pad uni t
or acir cuflslt gu strat é{gg%%l a lr%gt éII%AZ]S)Wg? e Ct ﬁ@{ el e]cf&? ically connects
an electr t@ﬁé junction disposed on the lead franme or circuit
substrate }an el ectrode pad di sposed on the sem conductor el enent
are encapsul ated therewith. The epox,g resin conposition_ for
seni conduct or el/d 48 PreEeMionvEIHON PHSE Ags s PORY HIEPRIRROSHEIIRT (A) , a
curing agent (B), and an inorganic filler (C. The epoxy resin (A)
has a mai semigakdwteanodpsORtiowes descebed intany espef {1]tto [¢lhehtwimthe anatal vafe
all peaks as

10 is a copper wire.

[0014]

[8] The present invention provides an epoxy resin composition for
semiconductor encapsulation as described in [7], wherein a dopant in an amount of 0.1%
by mass or less with respect to copper of the copper wire is added; and the copper purity

15  of'the copper wire is 99.9% by mass or more.
[0015]

[9] The present invention provides a semiconductor device, including a
semiconductor element mounted on a lead frame having a die pad unit or on a circuit
substrate, and a metal wire electrically connecting an electrical junction disposed on the

20  lead frame or the circuit substrate and an electrode pad disposed on the semiconductor
element, and the semiconductor element and the metal wire being encapsulated with a
cured article of the epoxy resin composition for semiconductor encapsulation as
described in any one of [1] to [8].

[0016]

25 [10] The present invention provides a semiconductor device as described in [9],



25 neasured by the gel perneation chronmatography area nethod. 7

[ 0021] The epoxy resin conposition for sem conductor
encapsul ati on according to the present jnvention includes therein the
epoxy resin (A). The epoxy resin (A) includes nononers, oligoners,

and poIyrr%@reglﬂ@%éﬁeggﬁ%iﬁ%%uS%EPMEB_epoxy groups per nol ecule. The

nol ecul ar wei'g StruCture thereof are not limtative.
Exanpl es t he 0 resi.n (A) include bisphenol epoxy resins and
sti | bene @%@%F”ﬂgg?ﬁéﬁgﬂgﬂ as bi phenyl epoxy resins, bisphenol A
epoxy resins, bisphenol F epoxy resins, and tetranethyl bisphenol F
epoxy resi®d:7] novol ak epoxy resins such as phenol novol ak epoxy
resins and cresol novol ak epoxy resins; 10pol yfuncti onal epoxy resins
such as tri phenahmpbtkarsinepoyositesifosscaticonalukiylt emaagsdflatesh according to the
tri phenol net hane epoxy resins; aral kyl epoxy resins such as

phenol ar ahe¢bnteRRNYioh BEdvides RANENY réliap ey iiRtustor H&LitH Bat has an improved
napht hol ar al kyl epoxy resins having a phenyl ene structure, and

phenol ar a . S havi ng a bi phenyl ene structure;
dihydroanpﬁﬁgggﬁgﬁﬁ% &g%@%yﬁ esi ns; napht hoyl epoxy resins such as an

epoxy resin.that i.s.obtajned by gl ycidyl 15etherifying a
di hydroxyhg%‘ﬁ{]ﬁ%f:'éﬂ%orh‘i’ﬁ%? ,%r%‘ﬁéﬁ resins having a triazine nucl eus
such as triglycidyl isocyanurate and nonoal | yl diglycidyl
isocyanurHﬂBﬁ?and phenol epoxy resins nodified with bridged cyclic
hydr ocar bon conpounds such as phenol epoxy resin nodified with
di cycl opent adi eRg, 1 Theschemayic deagtse ekpasscoimer thic rebssataion ada seamdconductor
nore Kkinds in conbination. 20Anong t hese, epoxy resins that exhibit
hi gh g5 ystaditd bf thy pafsb@rin®n@RPr opri ate synthetic or purification

f

method is performed are nore preferable. Exanples of these epoxy

resins i ”f@ﬁ&dimeﬂﬂ%ﬂﬁe 1%9?13&%’011 esi ns, bisphenol A epoxy resins,
y ins, tetr

bi sphenol epoxy res met hyl bi sphenol F epoxy resins, and
stil bene ﬁﬁﬁéi resins. [0022] 25The epoxy resin (A) that is used in
the prese rmvention has a main peak area of 8 90% or nore with
respect to the total area of all peaks as neasuredggi t he gel

¥

permeat i on chr obfatearpfigppmbpdeneieohiba praseitanyrdiog @ cripgdew il redergaek
area is 92%or nore with respect to the total area of all peaks.
Parti cul ard figyee MNotaliay, in thef dwi freypesakheaama dosstBbentoarenodieated birthe same
respect to the total area of all peaks.
15  reference numbers, and repeated explanations thereof are abbreviated appropriately.
[0020]

An epoxy resin composition for semiconductor encapsulation according to the
present invention is used to produce a semiconductor device, wherein a semiconductor
element mounted on a lead frame having a die pad unit or a circuit substrate and a metal

20  wire that electrically connects an electrical junction disposed on the lead frame or circuit
substrate and an electrode pad disposed on the semiconductor element are encapsulated
therewith. The epoxy resin composition for semiconductor encapsulation includes therein
an epoxy resin (A), a curing agent (B), and an inorganic filler (C). The epoxy resin (A)

has a main peak area of 90% or more with respect to the total area of all peaks as

25  measured by the gel permeation chromatography area method.



5Note that, the main peak of the epoxy resin (A) as neasured by the
gel perneation chromatography area nethod denotes a peak that has the
| ar gest area anong gel perneation chromatography peaks. The nmai n peak
may be used as an index of epoxy resi nngurity. The epoxy resin (A

t hat has gOO?ELn peak area within the aforenmentioned range 10w th
respect t total area of all peaks contains |ess

chl orine-contai nj ng byproducts, .provi di ng a oXy resin conmpositiqn
Chat cont ains. | bRy PESt Gampai 1orasmhopgutr Sxkatylson arodo e i
met hod of synthesi zi ng epoxy resins may include a nmethod where phenol
resins t hBXeSHanysnden mebidss Brereingheedioxy 1¢sés A are di ssol ved in
15excess epi hal ohydrins such as epichlorohydrin, and then, they are

reacted in the Phegenyecoh (Apinaludat momemats, biygimoors,dad polyimes theib biavertvo
hydr oxi de and pot assi um hydroxi de at 50-150C and preferably 60-120C

f or _1'510 Br mbfd &ox¥ %@&ipis @By m;@?é‘é@l%fSTﬁd)ﬂn%wcﬁraP%éﬁghit Bnd Solc@TRY Seudire
distillation; residues are dissolved in a solvent such as tol uene and

ey SO Biston ! @iyl QBN of ROGEORLT LA LBRNRE pRAnARI Efoxy

remove inorgani c sal € So i'sr IstirlTation
SO as to obtain. an. e resin. exanpl.es

of a met hBdmns@ngd PB‘&S’E‘?X riest %ggliﬁhﬁnxlﬁoﬁgﬁgﬁ%;%iiﬂg%gg\r% CP Ry Tesms,
present invention include a nethod of reducing the bl endi ng amount of
25epi hal ohigplhénel liepprshreaing sangdetianaetbylhigphepol Iy ey A83ing rﬁiozéglals €200y

sel f-polynerization 9 does not occur upon synthesis and a nethod of
reduci ng thhmsBhenas pignahmuinlakapoxy resins and cresol novolak epoxy resins,

10 polyfunctional epoxy resins such as triphenolmethane epoxy resins and alkyl-modified
triphenolmethane epoxy resins; aralkyl epoxy resins such as phenolaralkyl epoxy resins
having a phenylene structure, naphtholaralkyl epoxy resins having a phenylene structure,
and phenolaralkyl epoxy resins having a biphenylene structure; dihydroanthracenediol
epoxy resins; naphthoyl epoxy resins such as an epoxy resin that is obtained by glycidyl

15  etherifying a dihydroxynaphthalene dimer; epoxy resins having a triazine nucleus such as
triglycidyl isocyanurate and monoallyl diglycidyl isocyanurate; and phenol epoxy resins
modified with bridged cyclic hydrocarbon compounds such as phenal epoxy resin
modified with dicyclopentadiene. These may be used as one kind solely or two or more
kinds in combination.

20 Among these, epoxy resins that exhibit high crystallinity after an appropriate
synthetic or purification method is performed are more preferable. Examples of these
epoxy resins include biphenyl epoxy resins, bisphenol A epoxy resins, bisphenol F epoxy
resins, tetramethyl bisphenol F epoxy resins, and stilbene epoxy resins.

[0022]

25 The epoxy resin (A) that is used in the present invention has a main peak area of



concentration of the alkali nmetal hydroxide within a range where

hal ogen adducts or non-closed ring epoxy groups are not in excess. In
addition, a specific resin that is deflged by the present invention
may be prepared fromb5 an epoxy resin t i's synthesized by known

nmet hods o £0 p

pur i 11 cat 5 FETHGH ”ﬁ%q%cﬁm%gé RS SRSt R BruhgreEs atf%t%ﬁmaﬂon
nol ecul ar d| stlllatlon %ﬁ %14 sta I| ation are used |§12£%onb| nat i.
appr opr i affgpynatography arg meiindylylgs Ryefesably repaindey ag & |0ént%%w
resin that is prepared as described above nay be used. Exanpl es of

t he conmeraspet kg thavetial atb ef @iheeakayparn@ﬂm&ep@ﬁerabmb@wm peak rasages Aatheor
manuf actured by M tsubishi Chem cal Corp.) and "YL7684" (trade nane:
manuf act uneek With Mdpstthb site tofah ereh ofikll Goal. ) . [ 0025] In the
present invention, the gel perneation chromatography (GPC)
measurgnent forNbféechaPﬂféXnizﬁgbék §he bSo:REESAT AR s Asadifld BWGe obp A GPC
instrunent is conposed unp, an 1n;j ector a guard col unm, a
colum, and a ctor dro use t

Col U, Rt e O A0 B PG B B e e s
A flowrate higher than 0.5 m_/mn i.S not approprlate becaus

det ect | onSHJEHPEREPNShromatagiralY PRkS-ethe mRinwShly MaY b UF%ﬂ/\%Sr%]d“SfPhOfcﬁPHé}‘
to performthe neasurenment with good accuracy at the aforenentioned
f1 ow rat eresintprgy.necessary to 20use a punp that has a flowrate with
good accuracy. The flowrate accuracy is preferably 0.10% or |ess.

For the guard cOheigpoxygestiveayibat ha/s Aivain Jﬁbﬁ: areguditidn ael afpmmefifieied range
i nstance, "TSK GUARDCOLUW HEI R-L" (trade nanme, manufactured by Tosoh
Corp. 19 6. Q/it'ﬁ"fb \?gctdtb%@{o?efl are%Q)fWryeEké &iﬂ%ﬁ'@leﬁ ﬁll&ﬁ%dconﬁ?ﬁmgﬁ 'BEEI%%&EW‘

commerci ally avail abl e pol ystyrene gel col umms

(trade nane nuf act ur 30 mMm
in | engt h?rda‘{'rl g %‘éﬁpo"?’\/{g‘S’B?XWBE%Pg? a}%ﬁg@m%%&%@%&% % g{fgpié%nect ed
to each o&er in series. For the detector, a refractive index

det ect or E 23fet ector, for instance, "R DETECTOR W2414" (trade nane,
manuf act ured by V\ATERS Corp.) is used. Prior to the neasurenent, the
i nsi des of the Gramplesof ugencralonathed ofsyathssizingtapexw resinstradi inFludelaat
40C. As a test sanple, a THF solution that dissolves the epoxy resin
(A) in Sanctnrcentaraphan] edsiid thay/am preourdomyf tHe dpaxpraparaeedisddiesd in
solution is injected in an anount of about 50-1501.1L through an an

i nj ector, ef@sé HhalbRRIrTRAGEH ﬁﬁ“ﬁmhld)r%hﬁdﬁrf Qnaeshn, ﬁx@ﬁ%ﬁ:]reacted in the presence

Furthernore, the epoxy resin that is used in the present

i nvention opé{?%l yS a efal %ggx%%fc% stuglg % so(ﬁthler ?&@@xﬁ@%ﬂxﬁ%%tagglu%%dpmggt

| ess and orine conten

50-150°C and preferably 60—120°C for 1-10 h.

After reaction, excess epichlorohydrin is removed by distillation; residues are
dissolved in a solvent such as toluene and methylisobutylketone, filtered off, and

20  water-washed so as to remove inorganic salts; then, the solvent is removed by distillation

50 as to obtain an epoxy resin.
[0024]

In particular, examples of a method of preparing the epoxy resin (A) that is used
in the present invention include a method of reducing the blending amount of

25  epihalohydrin within a range where high polymerization caused by self-polymerization



ppm or | ess. More preferably, the total chlorine content is 200
ppm or | ess and the hydrol ysable chlorine content is 100 ppmor |ess.
Particularly preferably, the total chlotine content is 50 ppmor |ess
and the hydrol ysabl e 15chlorine content”is 30 ppmor |ess. By

usi ng theﬁ@%ﬁ{%'?gﬁﬁghp&?&&nﬂ%?&yanﬁg%{ngtgézﬁ\bfre%uéiﬁg"tﬂfeg?%’élﬁﬁﬂ%%m%%io?e t hat

has a hig esi'stance r Ity 1s

Chloride ions are cqrrosjve t al . and_corrode al um num w r.ing such
2 an el cturoRE pap e Rt mard Fot R B TR A TS et RIS ohen
a copper wire is used 20as a netal wire for an electrical junction of
a seni conBRILEoPedliRg@INY SEPPPRIFOYOtdR €8¥¢a5%i num and copper is forned at
the junction. The all oy behaves as a galvanic pair, so that the alloy
parti cul al addaasi, hgpasufi¢ esm thatasdefbarbyntke porsesiomtiobintayrietpeepared frem
alloy lowers the humdity resistance reliability. In order to inprove
the hum dint ¥pdx@Sbsih @6 ® FyatediBid bl ¥kn®kn theBRNik ©PRdUBhRIciABYivaflable epbSy
necessary to reduce the chlorine content in the 25epoxy resin

conposi t1 inf Qﬁlel%ﬁnktfo(m{jé@jiﬁ)éaﬁgﬁ %%%&Hs%dl&ﬂng c&l%ln‘[noc%fgrl'latography separation,
Chl ori ne at is contaln inan epoxy resinconposition To

sem conduct or engapsul. ation is ived from,an epoxy.resin. The epoxy
oot nis BtHEEARBR R AIpt A e 3 BB R SRR oo
that even a high-purity epoxy resin that is used 5as an el ectronic,
materi al has a fbeaptivdly.grqonenereialls availpbleapxppesin thapismacpangd dsedeseribed
50% of chlorine that is contained in epoxy is hydrolysable and is

easi |y fr agoreinmayt eeusedr Branfipleshdfahe deninerdallWhaiiablhent ataglingdbdeor i ne
content and hydrol ysabl e chlorine content are within the

af or efent +PRAMANGTNY BPadetBthen HiThAfabdird B} BERMSShir@ Al Iddry.) @hd BY L7684
sem conductor device is greatly inproved. 10[0028] A hi gh

mol ecul ar i i @8] .. i s much chlorine; on
t he ot her(tﬁ@ﬁgl%cﬂ@%ﬁﬁa%%ﬁ%ggﬁ Ig[rrilsgﬁéﬁﬁlﬁgﬁfeﬁg@agqo st nol ecul ar wei ght
noi ety (CR*fSﬁEonding to the case where nis O (zero) in the

foll ow ng Srhul a (1)) contains less chlorine. Nanmely, the main peak
area is on the side of |ow nol ecul ar weight, so that an 15epoxy resin
on the side of Inoieprasentdevandionyibe @ﬁkp%@ﬁ@t&m@m&t@gtﬂmhb(@P.@) An
epoxy resin of which the main peak area is in the aforenentioned
range wi t menssgeeait footht kpoxtyoteain (&) eapaformlell apédksvsas neasured by the
gel perneation chromatography area nethod limts the total chlorine

conterd apdGhy GispuRAPIs@ofiposid dtea @RtinjetiohiabubfcAdah eMEsha el a
ranges. Such an epoxy resin provides a resin conposition for

sem conduglQkiq, Tetrahydrofuran is used as solvent. In the measurement, the flow-rate of the

pump is selected to be 0.5 mL/min. A flow-rate higher than 0.5 mL/min is not appropriate
because detection accuracy of an object molecular weight is lowered. In order to perform
the measurement with good accuracy at the aforementioned flow rate, it is necessary to

20 use a pump that has a flow rate with good accuracy. The flow-rate accuracy is preferably
0.10% or less. For the guard column, commercially available guard columns (for instance,
“TSK GUARDCOLUMN HHR-L” (trade name, manufactured by Tosoh Corp., 6.0 mm
in diameter, 40 mm in length) are used. For the column, commercially available
polystyrene gel columns (“TSK-GEL GMHHR-L” (trade name, manufactured by Tosoh

25  Corp., 7.8 mm in diameter, 30 mm in length) are used. Two or more of these columns are



20encapsul ati on that has an extrenmely | ow content of chlorine. [0029]
The total chlorine content of an epoxy resin is neasured in
accordance with JI'S K7229 (quantitativg anal ysis of chlorine that is
cont ai ned in chlorine-containing resin The hydrol ysabl e chl orine

content | g edrt s gadh tﬁ&q &?é@cﬁo Epefgrl:ér léqg é?ctgzg(u%&rgetetc?o"r I,(Kiadetenstor

anal ysi s saponi |ab I"ne t

Fvent: onfarETEe tﬁﬁ@ﬁéi‘w&@% Fhit a@aearlgﬁ%%ﬁmwgwr‘ﬁﬁﬁﬁﬁ%m )is

following fornmula (1). The epoxy resin that is represented by the
formul a (myedu Brigr T@rtb%tmﬂf’ﬂifﬁ‘eelé gynssies oif the gr@rd erdumng ¢ﬂlmugrrand detector are
recrystallization purification, an epoxy resin that has a main peak
area of 98bibizedrard) Gi Ahalt@smn;ﬁletaaTHﬁeoMnbalth&dssoioés tat eppaadesind4) in
nmeasured by the gel perneation chronmatography area nethod is

rel atiyel y cSﬁ’&iﬁrﬂtl&p&@ RefnL kD ams/&dlis B%Qﬂéldal" 14d sohﬁlonc?s'imjecté(pﬂnrhnt he
above formula (1), each represents | ndependently from one anot her,

a amount of about 50-150 pL through an an injector, so that the measurement is

performed.
[0026]
Furthermore, the epoxy resin (A) that is used in the present invention preferably
10 has a total chlorine content of 300 ppm or less and a hydrolysable chlorine content of 150
ppm or less.
More preferably, the total chlorine content is 200 ppm or less and the
hydrolysable chlorine content is 100 ppm or less.
Particularly preferably, the total chlorine content is 50 ppm or less and the hydrolysable
15 chlorine content is 30 ppm or less.
By using the aforementioned epoxy resin (A), a semiconductor device that has a
high humidity resistance reliability is attainable.
Chloride ions are corrosive to metal and corrode aluminum wiring such as an
electrode pad that is disposed on a semiconductor element. When a copper wire is used
20 as a metal wire for an electrical junction of a semiconductor element, an alloy of
aluminum and copper is formed at the junction. The alloy behaves as a galvanic pair, so
that the alloy particularly easily suffers from chlorine corrosion. Ultimately, the alloy
lowers the humidity resistance reliability. In order to improve the humidity resistance
reliability of a semiconductor device, it is necessary to reduce the chlorine content in the

25 epoxy resin composition for semiconductor encapsulation.



hydrogen atom or a hydrocarbon group having 1 to 4 carbon atons; n
represents polynerization degree; and the average value of nis a
positive nunber fromO to 4. I n %rticular, in order to use the
epoxy resin represented by the fornulaq(l) for sem conduct or
encapsulakgga nis preferably 0 (zero) to 3, nore preferably O
(zero) to 2, 15and nost preferably O (zero). [0031] The bl ending

ratio of the ep resin.(A) i.s pot particularly limted, but

bref erabl y 1 ront BRHS THLASCIBRRy R TS FPmRSSIHCRL OF $rrendugiog
anount of the epoxy resin conposition for sem conductor )

encapsul agiesasulaien iseeavest Bemraaspyxy resin. 596 2pmy e ds S thesed frofrasss .
The lower Iimt of the blending ratio of the epoxy resin (A) is not
parti cul agpighlorahiytied thdd wontpme thloaint yso3batteyenma hsghepuritp epoxy tehinrtks pecded
to the total amount of the epoxy resin conposition for sem conductor

encapsil ahd fele@fchiBiarialBashi ©fL CRBlYe 23atBY ITHHS pBin dHiEe. ANRadtSOSDHE
thereof conmes fromthe fact that when the lower limt of the bl ending

ratio of Elﬁ%riﬁ@ﬁ?ﬁ\i’/\}src%ﬁ{a' i geb?xé,n\frs {h%{]&é}%sgﬁea&ﬁrlseéﬁgﬁ%'ﬁ%&? % tﬁ]@@?@i’l oft

| ow frequency o re-cuttin 'S caus y Vi SCcOSi

poxy. T eFHOTES 1T WAEN fir DAL GaH STt G P el Bra Fystio by

mass or less with respect to the total anount of the epoxy resin
conposi t i dithirothe sérrpnentiuet singshdhp bunatiiyopsistaacerrehiedipyet @rsgmiigondgoier
by mass or |l ess. The reason thereof cones fromthe fact that when the
upper | i nig¢vicd istdneatlyl iempddved. rati o of the epoxy resin (A) is within
the aforenentioned range, a | ow frequency of degradation in the

hum djgy [(g}gigat ance reliability that is caused by water absorption

i ncrease I's 10assured. [0032] The curing agent (B) that is used

L0 oL he 2P 830, SRR o 5T OO SRR o
UERYE I MR CE RN SN AT
(corresponding to the case where n is 0 (zero) in the following formula (1)) contains less
chlorine. Namely, the main peak area is on the side of low molecular weight, so that an
15 epoxy resin on the side of lower molecular weight contains less chlorine. An epoxy resin
of which the main peak area is in the aforementioned range with respect to the total area
of all peaks as measured by the gel permeation chromatography area method limits the
total chlorine content and hydrolysable chlorine content within the aforementioned
ranges. Such an epoxy resin provides a resin composition for semiconductor
20  encapsulation that has an extremely low content of chlorine.
[0029]
The total chlorine content of an epoxy resin is measured in accordance with JIS
K7229 (quantitative analysis of chlorine that is contained in chlorine-containing resins).
The hydrolysable chlorine content is measured in accordance with JIS K6755

25  (quantitative analysis of saponifiable chlorine that is contained in epoxy resins).



Exanpl es of the pol yaddition curing agent include polyam ne conpounds
t hat include aliphatic polyam nes such as diethylene triam ne (DETA),
triethylene tetram ne (TETA) and net haxyl yl ene di am ne (MXDA),

aromati c pol yam nes such as 20 di am nodi henyl net hane (DDM,

m phenyl ezgwg]lam' ne (MPDA) and di am nodi phenyl sul fone (DDS),

di cyanedi am (DI CY), and organic acid di hydrazide; acid anhydrides
that include alj f%d i C aci (2 sq}g\édri d@s .Sﬁch as h,exah?/dr.o ht hal i c
anhydr i de. ( HHPAY T FRORRIEHD A (AL SRRIB R FRSIATESaRIYEIIoany NASHAR) PR
aromatic acid anhydrides such as trinellitic anhydride (TMA),

pyromel | fésen BahigdeprasenterNmAfc fltpvbes raphéndne 25t et racar boxylic aci d
(BTDA) ; pol yphenol conpounds that include phenols such as phenol 14
resins, phenol Thskepmsxytbsin tleatés epresdrasd bechetformulglil cie adeyssatinodpoxy
bet ween phenol s such as phenol and naphthol and ketones or al dehydes,

and phenokespplsy Rt Shidheh r@&r@tdIMPitfonMriat, ¥ ep¥tRREAFh: has a main peak
pol ymer capt an conpounds such as pol ysul fides, thidesters, and

t hi oet hers; i Y/ S Ls r epol r

bl ocked. 5ti3e) SR Lah e TR AT e bR PR nBf SRR e B
aci d-contai ni ng poJyester resins. [0034] Exanples of the catalytic
curing ag@REMGaHEN § lnaéqar?%l}yyﬂr%ﬁﬁﬂﬁéwém&&wa@%aa obfamgdnzyl di net hyl
am ne (BDIE/@ a.nd] 2,4, S;;iri sdi net hyl am nomet hyl phenol (DWP-30);

i m dazol e gifasmaiech as 2- et hyl i mi dazol e and 2- et hyl - 4- net hyl
10i m dazole (EM 24); and Lewi s acids such as BF3 conpl exes. [0035]
Exanpl es of the-condensation-curing agent include phenol resin curing
agents such as|resdd phen® rfesins; urea regi nsgsugh as net hyl ol

gr oup- cont ai ni_Ng ur & i s i ' ‘

gr oup- cont@i Al g0k
phenol resign curin

, t he
pref erabl e co e (1)
resi stance, noisture r ce, el &trlical prdpertfies, curind
performance, sforade sRabiflith, and otHer f&ctodits.RTh&® phenol resin
curing agents itAclude all of the nonongss, oligoners, and 20 pol yners
that have two or nore phenolic hydroxyl groups per nol ecule.

Mol ecyd ar In the above formula (1), each R represents, independently from one another, a

a
it

hydrogen atom or a hydrocarbon group having 1 to 4 carbon atoms; n represents
polymerization degree; and the average value of n is a positive number from 0 to 4.

In particular, in order to use the epoxy resin represented by the formula (1) for

semiconductor encapsulation, n is preferably 0 (zero) to 3, more preferably 0 (zero) to 2,
15  and most preferably 0 (zero).
f0031]

The blending ratio of the epoxy resin (A) is not particularly limited, but
preferably from 3% by mass to 20% by mass with respect to the total amount of the
epoxy resin composition for semiconductor encapsulation, and more preferably from 5%

20 by mass to 18% by mass. The lower limit of the blending ratio of the epoxy resin (A) is
not particularly limited, but preferably 3% by mass or more with respect to the total

amount of the epoxy resin composition for semiconductor encapsulation, and more



wei ght and nol ecul ar structure thereof are not particularly limted.
Exanpl es of the phenol resin curing agents include novol ak resins
such as phenol novol ak resins, cresolnov%Iak resins, and

bi sphenol novol ak; pol yfuncti onal phenoﬂ resins such as

tri phenol ) i ns; £ '

ter pone- mOAS SonchglesS B LB, INE RGP RO Ehed AoilRe RGP Tpen the
phenol resins;. arallc resins such as phenol aral kyl 15 resins that
oo phon ITERATEh ) BF g9 AbTeEPaey B B AT vHEBHD S A BsRpned
resins that have phenyl ene and/or_biplienylene structures; and

bi sphenol ragapblandigeangosy a%vvbwpﬁ@géguil\ﬁf@hd dgisegheniascority Mseagee imysused.
used as one kind solely or two or nore kinds in conbination. 5[0037]
The bl endThgupgdriliniodf the dladingngtiagetie ehBYy resinn@t) ipastpjactidubarlsylimited, but
limted, but preferably fromO0.8% by nass to 16% by mass with respect

to thest O?ﬁ:'ferﬁwlafabﬁ)@{uﬂagﬁoﬁ%wmﬁ BSbELt $OMRASH AifRBurdt OF tiRSPoGPRAUET OF
encapsul ation and nore preferably from1.5% by nmass to 14% by nass.

The lower | imt.. | endi ratio.of the curi £, .1 i
ot par t1 SUPERGS] ok Falo RS S bRl BiR) b e biefiaBO R b s
respect to the total anmount of the epoxy resin conposition for _
sem conducdPeFeageR disEof a%m%fraw&}lﬁ@&é f Bhen His1upper smitiof thegdendipe ragipef
The reason thereof conmes fromthe fact that when the lower limt of

t he bl endihegpoay resin @\ )vs whithin thealatocrmmnst irorgeda tem fequesay of dégradation
fluidity is obtainable. 15In addition, the upper limt of the

bl endi ng bathe uodiditthesistahtagliasidin thaB)s cassed by vt dbeop8ith Yndréadt tsed,
but preferably 16% by nass or less with respect to the total anount
of theyepqxyirdgesi n conposition for sem conductor encapsul ation and
nore preferably 14% by mass or | ess. The reason thereof cones from
the fact m:z when the upper Iimt of the blending ratio is within
the afore ﬂoned range, a |ow frequency of degradation in 20t he
hum dity resistapce reliabiljty that | aused by, water apsaorption
increase is assﬁﬁ%awqaﬁm} (B) that is tsed forihecasyy BFINLGMRPSEIopHENO|
resin curing agent as the curing agent (B), the blending ratio of the
epoxy r espemiconduséorgnesisiation apcording e thegeerent wventehanabbgrougbim 0. 8
to 1.3 in ternms of the equivalence ratio of (EP)/(CH), wherein (EP) is
t he nunbeclasdifiebepoyeiyoea podrdditivaduting ket whedtdlyepoxing aght) andd
(OH) is the nunber of phenolic 16 hydroxyl groups contained in the
whol e phepghdehestion wiHhb AgeRIRRExanfflen the equival ence ratio is within
t he aforenmentioned range, a | ow frequency of degradation in the
curing pe@@@ﬁmnce of the epoxy resin conposition for sem conductor
encapsul ation‘or a | ow frequency of degradation in the perfornmance of

cured resin articles is ssuEe%.‘. . , .
xamples of the polyaddition curing agent include polyamine compounds that

include aliphatic polyamines such as diethylene triamine (DETA), triethylene tetramine
(TETA) and methaxylylene diamine (MXDA), aromatic polyamines such as

20 diaminodiphenyl methane (DDM), m-phenylene diamine (MPDA) and diaminodiphenyl
sulfone (DDS), dicyanediamide (DICY), and organic acid dihydrazide; acid anhydrides
that include alicyclic acid anhydrides such as hexahydrophthalic anhydride (HHPA) and
methyltetrahydrophthalic anhydride (MTHPA) and aromatic acid anhydrides such as
trimellitic anhydride (TMA), pyromellitic anhydride (PMDA) and benzophenone

25  tetracarboxylic acid (BTDA); polyphenol compounds that include phenols such as phenol



[ 0039] As the inorganic filler (C that is used in the epoxy
resin conposition for sem conductor encapsul ation according to the
present invention, an inorganic filler that is used in conventional
epoxy resin conpositions for seni condudtior encapsul ation is usable.
Exanpl es theregf incl.ude fused herjgcal silica: pulverized fused

S e crggiaRterRLesh ek SR aRUREL ineR consafi AT cn g Gn as
silicon nitride. Anpng. these, fused spherical silica is particularly
pr ef er abl Bhenphaadnanhbiol and ketpngs %raéd%gtes*bé%%ltea%%oiwﬁérsaﬁwr%wpéie@ oy
two or nore kinds in conbination. The shape of the inorganic filler
(O is prebervaylphead; plpserdaptagphmpiosads sash popaihildesnthicdserpand i cl e
size distribution thereof is preferably broad, whereby an increase in
the nmelt wiisabgstivoghnitbeoapouids sedi 4 iseuypeat Ffspnlyhm%s dbssitieanduct or
encapsul ation is suppressed and the content of the inorganic filler

i s incgeased., : : r : ce
treat ront o T B e R e B P M
(O may bg(ﬁﬂzjected to a prelimnary treatment with an epoxy resin
or a phen(?Jr sin. Exanples of the treatnent include a nethod of
mxing in a solvent and then renoving it; and a nethod of directly
adding to the 2Br#Bpiganl berpialydic quuns agent fidueriEstiapyaine sORPBIRSSUAY
machi ne. [0040] The content ratio of the inorganic filler (C is not
parti cul an$ ferlzyhditrethy] butinepiBaPiAg hg 24, omis@Gf6tbyl amssmedybpénbl mass
Wi th respect to the total amount of the epoxy resin conposition for

sem condugbRIP-BNE apidrad tanipoaitd siah & Phreflst akidyzdls ond 228R%1byetipss
to 89% by nass. The lower limt of the content ratio of the inorganic

f111efo Linidaolt PEMPSIPAIL LEMS AT shdifis! Sl cifficise” e abl y 60% by
mass Or nore W th respect to the total amount of the epoxy resin
conposi ti E@bqfﬁ)r sem conduct or encapsul ati on, considering the filling
per f or man 33 t he epoxy resin conposition for sem conductor

encapsul ation and the reliability of sem conductor devices, and nore
preferably 65% ByaBRES 8T B CRBYESAINCU BgASANY RGBS P hESSITY QUSRS rgeNts
fact that a low humdity absorption and a | ow thernal expansion are
att ai ned awah ashegol ah¢rphrdsmsyurena essinst such gsimiiiyiad grovpdenndiin g uessi resingice
reliability is assured. The upper limt of the content ratio of the

i nor gani c ahd hleRiinihs restRRacidey madyd betapdontaming hed aniabkasii®2% by nmass
or less with respect to the total anobunt of the epoxy resin

conposs ti pipskpr sem conductor encapsul ation, and nore 10preferably
89% by mass or |ess. The reason thereof comes fromthe fact that when
the upper limt ,is wihin florement | o r f

of degradation f“‘ﬁﬁ%v&b%f’t?w’ﬁ F‘?‘i‘?%sg %’E‘i%%ﬁ%nﬁ%ﬁ&r%‘% 8%2{}15(]1‘5 e?ﬁlnlé‘?ﬁ%

i nconveni ence such as wire flow in %&m conduct or dev} ces that

caused by M&SLsE; Myisfuse resistance.clectidenl ggpperties, curing performance, storalgg stability,

and other factors.
The phenol resin curing agents include all of the monomers, oligomers, and
20  polymers that have two or more phenolic hydroxyl groups per molecule. Molecular
weight and molecular structure thereof are not particularly limited. Examples of the
phenol resin curing agents include novolak resins such as phenolnovolak resins,
cresolnovolak resins, and bisphenolnovolak; polyfunctional phenol resins such as
triphenolmethane phenol resins; modified phenol resins such as terpene-modified phenol

25  resins and dicyclopentadiene-modified phenol resins; aralkyl resins such as phenolaralkyl



[ 0041] 15The epoxy resin conposition for sem conductor encapsul ation
according to the present invention may further include therein a
curing pronoter. Specific exanples of t@e curing pronoter include
phosphor us- cont ai ni ng conpounds such aé'organic phosphi nes,

L ouar o Rl R RERARARL 40l 8P ERALNAS. RARRRICBR!ALARAROTRAYANS that

adduct s between e conpounds gui-noné oun

adduct s bet ween phosphpni um conpounds and sjl.ane conpounds; anpd

i 11 ogen- DY ISAVIES o BoRiARS R SR HUT e s RICRECBRPOLBRS FUh s

am nes such as 1, 8-di azabicyclo (5,4,0) undecene-7, benzyl .

di met hy| ahispeenohAdngd bagphayo!libnil beseanay: beawsgd eh enejkiad splehr §r tyglar snase kinde
af orenenti oned am di nes or am nes. These may be used as one ki nd
sol el y or it vemliginatioor e ki nds i n comnbi nati on. Anong these, the
25phosphor us- cont ai ni ng conmpounds are preferable, considering curing
perforyangg57]18 Consi dering sol der resistance and fluidity, the
phosphobet ai ne conpounds and adducts bet ween phosphi ne conpounds and

gui none conpoun riic Ly, . | .e. i i ng.l ess

st ni g per  or mngEo BRI E AL SHIRLEH ARS 2ol BRERATT RueE
phosphor us- cont ai ni n nmpounds such as the tetra-supstituted
phosphoni B’fﬁ%@a@é’rfﬁ%ﬁ&gg 8% alaaamkéz by sase enthgrespHE b it smsgheithand
sil ane conpounds are particularly preferable. [0042] Exanpl es
of the or geanyoephespipositien (abmecanduttheencepsiulatwormd snare prefenablyddem

pri mary phosphi nes such as et hyl phosphi ne and phenyl phosphi ne;

secondary 1 phesphiases LOsLEmAS. THetewbylimhes iy tlendngratio of the curing agent
di phenyl phosphi ne; and tertiary phosphi nes such as

trimejfyl | BRtichiEieti ' ' -
e e o A R e e

Phospont W TRALOF s 3R Bl NI SATRGHS PERSBE

[ Chenm cal pﬁa%rgylly% 53"% by mass or more. The reason thereof comes from the fact that when the
lower limit of the blending ratio is within the aforementioned range, sufficient fluidity is
obtainable.

15 In addition, the upper limit of the blending ratio of the curing agent (B) is not
particularly limited, but preferably 16% by mass or less with respect to the total amount
of the epoxy resin composition for semiconductor encapsulation and more preferably
14% by mass or less. The reason thereof comes from the fact that when the upper limit of
the blending ratio 1s within the aforementioned range, a low frequency of degradation in

20  the humidity resistance reliability that is caused by water absorption increase is assured.
[0038]

In the case of using a phenol resin curing agent as the curing agent (B), the
blending ratio of the epoxy resin to the phenol resin curing agent is preferably from 0.8
to 1.3 in terms of the equivalence ratio of (EP)/(OH), wherein (EP) is the number of

25  epoxy groups contained in the whole epoxy resin and (OH) is the number of phenolic



R8 RO-P1 - R1 1Ay [ AH z(2) Rl 0O-x In the above formula (2), P
represents a phosphorous atom Each of R8, R9, R10, and Rl1l
represents an aromatic group or an al kyl group. A represents an anion
of 20 aromatic organic acids that have 6n"their aromatic ri ngs at

| east one, functional aroup sel.ect fromthe group consi.sti of.

nyr oxyl - raSY S0s ARRF uoh s ahE ki SGResE AR o Py dengs
aromatic organi¢_acid that has in the aromatic ring thereof at 19

| east one9de MiGHRIhe gFueperRiined rages 3 oy iragucgey abdesradating ¢ Beyuring
group, a carboxyl group, and a thiol group. x and y represent

i nt eger s pérfdrmamed ol ibe 3poxy reaiprooswasision fion setregpaductbr ¢ncapsulationer @)lowo
3; and x is equal to y. [0045] 5The conpound represented by the

formul a (Bpquhcpbt acgradhtian ih el R rmdte df'Surkdtredin Bitickd i§ &stika.
following. At first, tetra-substituted phosphoni um halide and an

aromat 4 Qj(%gri c acid, and a base are blended wth an organic

sol vent, an hey are m xed uniformy so as to generate aronatic
organi c acid ani,ons .in the sulting solution; then, water .i.s added,
o0 that the conbodmdnpwa e URF Kot bB% S AT heoPsin FEhpay g Y
precipitated. 10 In the conpound that is represented by the fornula .
(2), pref &mispRduciieRcappulRtion pEForqRag toythg presontinggntisNN nergsnisdples st &
atomis a phenyl group; AH is a conpound that has a hydroxyl group in
t he ar omatised inicngvenbiendappxnmse gompdsitioep fesem condhanotwapanatio is ssate.
ani on of the aforenentioned phenols. Exanples of the phenols in the

present i Ex&Abled thekdtflindedeMBQrsptktical RIMRAGNSverlseh fided BIRArystEllias Silica;
resorsin, and catechol; condensed 15pol ycycl c phenols such as

napht hpl , tﬂ%ﬁl&ﬁyﬂ%ﬁﬂﬁmhﬁ@%gd%‘ o@ﬂﬁﬁ%@% thf:%%%?s;?gﬂ{e 'cﬁ%ﬁii&a@?

bi sphenol A enol F, and bi spheno and o pheno

S D A R
by the f Olmlo(r)f\:M k1?1 S }fnogorrrnu‘tligatgo%). Thﬁ[: gl?a?)zlof the inorganic filler (C) is preferably as close to
spherical as possible and the particle size distribution thereof is preferably broad,
whereby an increase in the melt viscosity of the epoxy resin composition for
15  semiconductor encapsulation is suppressed and the content of the inorganic filler is
increased. The morganic filler (C) may be subjected to surface treatment with a coupling
agent. As required, the inorganic filler (C) may be subjected to a preliminary treatment
with an epoxy resin or a phenol resin. Examples of the treatment inchide a method of
mixing i a solvent and then removing it; and a method of directly adding to the
20  inorganic filler (C) and then mixing with a blending machine.
[0040]
The content ratio of the inorganic filler (C) is not particularly limited, but
preferably from 60% by mass to 92% by mass with respect to the total amount of the

epoxy resin composition for semiconductor encapsulation, and more preferably from

25  65% by mass to §9% by mass. The lower limit of the content ratio of the inorganic filler



[ Chem cal Fornula 4] 20 (3) (YD1 In the above formula
(3), X1 represents an al kyl group having 1 to 3 carbon atons; Y1
represents a hydroxyl group; e represent;s an i nteger of O (zero) to
5; and f represents an integer of 0 (zero) to 3. 5[0048] The

conmpounds %@ﬁ@ﬁmﬁﬁaﬁtiéiﬁﬁ)ﬂfﬁ ﬁ@%@,@b@g@f&%l&fﬁm b n{a33 oehBreObiRRBEL 8Sthe

foll ows, for exanple. ey are obtained through a process in which a

cont act ea kbt HESHoRTRSRTORfolREh Wi bR MABRIANAE | D,
ri-aromatic substit

Tophosphi Feidspiig s FIRESHPHRtE of e oSy Tosin s is e OB tsgveondusoso)
Exanpl es of the adducts between phosphi ne conpounds and qui none
conpounds eigeilaeon #w the mpebiy OF sraiceirdicios geesesn edimgye prgteratdy Pl g
formula (4). [0050] 15[ Chem cal Fornula 5] R12
5 mass or more. The reason thereof comes from the fact that a low humidity absorption and
a low thermal expansion are attained and that a low frequency of insufficient humidity
resistance reliability is assured. The upper limit of the content ratio of the inorganic filler
is, considering moldability, preferably 92% by mass or less with respect to the total
amount of the epoxy resin composition for semiconductor encapsulation, and more
10 preferably 89% by mass or less. The reason thereof comes from the fact that when the
upper limit is within the aforementioned range, a low frequency of degradation in fluidity,
filling fault upon molding, and inconvenience such as wire flow in semiconductor
devices that is caused by viscosity increase is assured.
[0041]
15 The epoxy resin composition for semiconductor encapsulation according to the
present invention may further include therein a curing promoter.

Specific examples of the curing promoter include phosphorus-containing
compounds such as organic phosphines, tetra-substituted phosphonium compounds,
phosphobetaine compounds, adducts between phosphine compounds and quinone

20 compounds, and adducts between phosphonium compounds and silane compounds; and
nitrogen-containing compounds that include amidines or tertiary amines such as
1,8-diazabicyclo (5,4,0) undecene-7, benzyl dimethylamine, and 2-methylimidazole; and
the quaternary salts of the aforementioned amidines or amines. These may be used as one

kind solely or two or more kinds in combination. Among these, the

25  phosphorus-containing compounds are preferable, considering curing performance.



0 RI3R1 5 (4) R14 R c% R16 OH In the above formula (4), P
represents a phosphorus atom Each of R12, R13, and Rl14 represents an
al kyl group having 1 tol2 carbon atons 1%{3 an aryl group having 6 to
12 carbon atons, and each nay be the same or different from one

anot her.  ERafd&ing %ﬁfg]éﬂé’istﬁlce Gnd ?lgﬂiétggtglg:?ﬁ%p%ﬁ&hgg gﬂﬂﬁggﬂ%%d AHQRBOr

a hydrocarbon grou aving 1 to atons, e the sane

or different from one another, and R15 and R16. may bi.nd_together, to
forma ri ngveeh B ARG 0Bk ThesBmions WMot oRy et Edmd At
are used for the adducts. between phosphi ne conpounds and qui none
conpounds SPAEALTHNE GreTaP B8 PFripHaANGRAQ anild URRR EOTdnuBe HeldNgalls a
substitution %roup such as an al kyl group or an al koxyl %rqup in the
aromat i ¢ phesphofustconiaireny tghpapids sech aSrth@(ea“a’fsybiiﬁethb%oq@ osiphi ne,
tris(al koxyphenyl) phosphi ne, trinaphthyl phosphine, tris(benzyl)
phosph$ ne compourids andl bkductFxeawpdresho@phdiigm LOsbsidstant istinaionpuadciteas
an al kyl group and an al koxyl group include one that has 1 to 6
carbon at ; i hLidag availability, triphenyl phosphine is
preferablggﬁ?gggg?*#ﬁ%bguinone conpounds that are used for the
adduct s bﬁ%ﬂﬁin phosphi ne conpounds and qui none conpounds i ncl ude

0- benzoqutnorié, p-benzoqui none, and 15ant hraqui none. Anong t hese,

p- benzoqui none s preferable considering storage stability. .
Examples of the organic phosphines usable m the resin compogition include

primary phosphines such as ethylphosphine and phenylphosphine; secondary phosphines
10 such as dimethylphosphime and diphenylphosphine; and tertiary phosphines such as
trimethylphosphine, triecthylphosphine, tributylphosphine, and triphenylphosphine.
[0043]
Examples of the tetra-substituted phosphonium compounds usable in the resin
composition include compounds that are represented by the following formula (2).
15 [0044]

[Chemical Formula 3]

T
R9 —T—"Rﬂ [A];[AH]Z (2)
R10 X

In the above formula (2), P represents a phosphorous atom. Each of R8, R9, R10,
and R11 represents an aromatic group or an alkyl group. A represents an anion of
20  aromatic organic acids that have in their aromatic rings at least one functional group
selected from the group consisting of a hydroxyl group, a carboxyl group, and a thiol

group. AH represents an aromatic organic acid that has in the aromatic ring thercof at



[ 0053] In a nmethod of producing the adducts between phosphine
conpounds and qui none conpounds, the adducts are obtai ned by
contacting and m xing organic tertiary ghosph ne and benzoqui none in
a solvent in which both of them are dissolvable. The 20sol vent is

pr ef er abl aktedrerfasctimaherasp sdedtanomntle BRIUPYIFfatiyitde! amapl hedrbdas gtovy,
solubility to the adducts. However, the nmethod is not limted to the

Eﬁi:?ar 2 {45 %0%%%ﬂauaﬁ’d”%%§§ﬁ?§ﬁ5%*§§ RSP RP f?ﬁ&fi%?iﬁﬁ%%e? b
i i 25 R14, R15,
ind to tgggpﬁg%ﬁggéﬁsgl? omis phenyl group an each o

and R16 i > THAL 9%, a conpound that is an adduct 22
bet ween 1, 4- benzoqui none and tri phenyl phosphine is preferable,

consi deri fP%hat a cured article of the resin conposition reduces the
el asticity thereof on heating. [0055] Exanpl es of the adducts

bet weeh phosphoihenempepolimpissane sy thadernodapus dstained las tdlowsebut is not
conpounds that are represented by the followng fornmula (5). [0056]

Cheni cal Faiitedk@tRIfollowing, Ahfirsghey£siRtifiddpHoaphorfuheRies &t s &omatic
phosphorus atom and Si epresents a 10silicon atom Each of R18, R19,

R20, and | .64 ng or
& het or oco BT i ERE L Dol g DAL Pk St A AR B il S
or differenﬁfrlomon another. In the formula, X2 represents an

or gani ¢ gPBUFTTRAP SbIERICTAS Fogile g dagon BBt RSOt then
formula, X3 represents an organic group that binds to a group of Y4
and a grodgtesfs adsled madhalghe yompeundybat is persessnted by the EupuiaE) s peeipHiged.

10 In the compound that is represented by the formula (2), preferably, each of R7, RS, R9,
and R10 that bind to phosphorous atom is a phenyl group; AH is a compound that has a
hydroxyl group in the aromatic ring thereof;, namely, it represents phenols; and A is an
anion of the aforementioned phenols. Examples of the phenols in the present invention
include monocyclic phenols such as phenol, cresol, resorsin, and catechol; condensed

15 polycyclic phenols such as naphthol, dihydroxynaphthalene, and anthraquinol;
bisphenols such as bisphenol A, bisphenol F, and bisphenol S; and polycyclic phenols
such as phenylphenol and biphenol.

[0046]
Examples of the phosphobetaine compounds include the compounds that are

20 represented by the following formula (3).

[0047]

[Chemical Formula 4]



15 after a proton-donating group | oses a proton. The groups of Y2 and
Y3 that exist in the sanme nolecule bind to the silicon atomto forma
chel ate structure. Each of Y4 and Y5 r esents a group that renains
after a proton-donating group |oses a proton. The groups of Y4 and Y5
that exist,in the sanme nolecule bind to the silicon atomto forma
chel ate strué%h?g > pf X2 and X3_may be the same or different
from each |ot her. 4, and Y5 may be the sane or

br . Beesents an organic %roup t hat has
an aromati € ring or a h.:§rocye ring, or an alipH&)ic group.
[ 0057] 23 In the Tormuha _45), exanples of R18, R19, R20, and
R21 include a phenyl group, a neL Lﬁhenyl group, a met hoxyphenyl
group, a hydroxyphenyl group, E% hyl group, a hydroxynapht hyl
group, a benzyl group, a nethyl group, an ethyl group, an n-butyl

group, an n-oct i t1@ra@bve formelad 3% W ORp1bntd AR Hky1 Arasaﬁqiattheaqo 366rarbon
aromati c group that has 5a substi tution group such as a phenyl group,

a met hyl phenpyl yqrrgﬁ,@Fen 3 Ou%&‘rB?é?’lmP&ﬂ% ug%ég’xltstﬁlg%‘ééxo&@’(?{i@fo)% 3%1?1‘{{)

and a hydroxyﬁa ht ar oma r oup
preferable. [0058 n | a (5) X2 represents an organic group
t hat brndélF%E9§Eéﬁﬁw :ﬁé%#ﬁl X3 represents an organi c group
t hat binds to_groups of Y4 and Y5 Each of Y2 and Y3 is a group that
renmai nd afl®&8la proton-donating group loses a proton. The groups of
Y2 and Y3 that exist in the sane nolecule bind to the silicon atom
and form a chel &hecstmpowtdsiieat af rpteaeityd beteHoofiul¥43 eard oMainesd ag fglfomsp
that remains after a proton-donating group | oses a proton. The groups

of Y4 and fy%exbiple. @%b hreldbtdifi@] BRI Mr6sHs § Whidh altta- a}éhﬁ‘t% SIS HERA
atomand forma chelate structure “Each group of X2 and X3 may be the

sanme or d t 0
Tay be t hg%%ﬁlﬁﬁ thgitr er e A r?%{rzrt]t% %gggtﬁg{ ﬁlé\ﬂth 4d1%mﬂ(rfl sal kahe?%tﬁé
each group.that is re ser ted d :Y4- X3-
respectiv@#?o%%ﬁﬁgnggtﬁl Bﬁyﬁﬁﬁtﬂﬁﬁﬁﬁﬁﬁ§t ?Fb?mﬁuﬁFéP%ﬂnﬂﬁ%or

| oses two protons, A preferable proton donor is an organic acid that
has atf] e@g@sWW@ E@@érﬁoﬂgarprwﬁéwbtmmarfosbyrabgr%ups in the

nol ecule. In addition to that, aromatic conpounds that have at | east
two car box§149gr oups or hydroxyl groups in all at an adjacent carbon
atom of an aromatic ring are preferable. Anong these, an aromatic

conmpound that ha&saaplek eftie dddocthpetesy bh@piRTohipodhds Ad quibagbon
atomthat forns an aromatic ring is preferable. Exanples thereof

i ncl ude C%Bﬁ@ﬁ&hhlﬂM &9@%kgh?p%gﬁﬁﬁmgﬁ{%ﬂﬂ%%ﬂaﬁﬁﬁ?ﬁ%apﬁwHttbnnMa(4)

2, 3-di hydr oxynapht hal ene, eno
[0050]

15  [Chemical Formula 5]

R12 -

| 0]
R13— P "o
I (:> (4)
R14 Rr17 R16
OH

[n the above formula (4), P represents a phosphorus atom. Each of R12, R13,
and R14 represents an alkyl group having 1 tol2 carbon atoms or an aryl group having 6

to 12 carbon atoms, and each may be the same or different from one another. Each of



24 salicylic acid, 1-hydroxy-2-naphtoic acid, 3-hydroxy-2-naphtoic
acid, chloranilic acid, tannic acid, 2-hydroxybenzyl al cohol,

1, 2-cycl ohexanedi ol , 1, 2-propanediol, and glycerin. Anong these,
catechol, 1, 2-di hydroxynapht hal ene, and 2, 3-di hyroxynapht hal ene are
pr ef er abl &155R 0028l R17 reprehtd dhydregdnoditmlor a(iyHrdcedos $esipshaaineor gar
group that has an aromatic ring or a heterocyclic ring, or an

al i phat i o604 BromPE&h iy BX@ER 13? of BRfeRDk fﬂoﬂﬁnkﬁfqoﬁﬁn%‘bm@tdnﬁ RI]6

hydr ocarbon group such as a net group, an et group, a propy

group, a hutyl u a hexyl. arou and an octyl group; an aromatic
hydrocarbglﬁyéﬁibcg{?%gtﬁg%mghn%%6H%ng§rlu&%egroup, a benzyl group, a

napht hyl Eprou?, and a bi phenyl group; and a reactive substitution
group suc dla gl yci dyl oxypropyl group, a nercaptopropyl group, an
am nopropyl group, and a vinyl group. Anong these, a nethyl group, an
et hyl group, a Phanylks gf phgsphiandompbiuplséhatlargussd jorthe agdustelretyban
considering thermal stability. [0060] 15A nethod of producing the

adduct s bghywpamheRBAHRHAIY 1D EONPe Lofpoands iftlLad FreCRAM titdsnek $hadBave or
follows: 1n a flask charged with nmethanol, a silane conpound such as

phenyl tri o VNN A s,y[ﬂ} :

2, 3-di hyd?gbgnaphtahsglpgﬁgﬁg} grogggﬁégﬁaasgag. |ysl§"o eﬂ'?ant%%or{yl %rorlwlgt“ﬁtahr?ol

sol ution of sodi um net.hoxi I S..adde r opwi at roomt erat ur

ohi Lo ot Aronrge e P g st § Sy PRED el RS s GIBRUSN by
20di ssol ving a tetra-substituted phosphonium halide such as

t et r aphenPhowEESh BRI BIPBAT S, HIstRamEl phosrbingg dgedithgd kpwinssnpies effbe
flask at roomtenperature while stirring, so that crystals are

preci b0 t aseutinttive groeciushhatedlkyt grouplasd an elkbikyt gowninefude one that has 1 to
wat er - washed, and vacuumdried, so that the adducts between

phosphoni groafRAREMAE Coarideshd anelabidig eLpttayphos ik pederablewever, the
nmet hod of producing the adducts is not limted to 25the above. 25

[ 0061] [0 52§3y usi ng the conpounds represented by the fornulas (2)
to (5) as tOhe curing pronoter, favorably, viscosity increase on

nelting of the sin. conmpositian..is _suppressed nevent e i.l e the
(11 ng amount SE pReSRRBAgaMES piat i RER T 36E aflucB B p Fhotfling,
bl ending ratio of the curing pronpter is not particularly limted
but pref eCABPYUFds 3R UESYS BYMAREYIS iRr1YdR er)eRARgUINGNS. H-HPZPPHRONE 2the
total anmount of the

15 anthraquinone. Among these, p-benzoquinone is preferable considering storage stability.

[0053]

In a method of producing the adducts between phosphine compounds and
quinone compounds, the adducts are obtained by contacting and mixing organic tertiary
phosphine and benzoquinone in a solvent in which both of them are dissolvable. The

20  solvent is preferably ketones such as acetone and methylethylketone that has low
solubility to the adducts. However, the method is not limited to the above.
[0054]

Among the compounds that are represented by the formula (4), a compound in

which each of R11, R12, and R13 that bind to the phosphorus atom is a phenyl group and

25 each of R14, R15, and R16 is a hydrogen atom, that is, a compound that is an adduct



epoxy resin conposition for sem conductor encapsul ati on, and nore

preferably fromO0. 1% by mass to 0.5% by nass. The lower limt of the
blending ratio of the curing 10pronotery,is not particularly Iimted,
but preferably 0.05% by mass or nore Wltzh respect to the total anount

of the ePB%tWeEﬁ%'éﬂbfﬁl@H@ﬁﬁéﬁd ad tfzﬁ]ﬁe@ﬁiﬁb@lﬂﬂwﬁtp%fe@ﬂrea@@m@hherﬂaataredred
nore preferably 0.1% by mass or nore. The reason thereof cones from

the fact Eukfi%;e m&@retsnm ﬂy(\% loh r?ﬁ&ce?fbe eﬁ"aesn@igyeﬁ@}&g Ofl ?E}ét (.)f the
curing pronoter 1s Wt h rement1 oned range, requency of
degradatlﬁw T curing perfornance is assured. 15The upper limt of

t he bl end 5 atio of the curing pronoter is not particularly
limted, but preferably 1% by nass or less with respect to the total
amount of the eptaypleaefwcad betwveen PSR BERTpSteds and silane
encapsul ation, and nore preferably 0.5% by nmass or | ess. The reason
t heredd coompodirde mndiinde thactmpdnatds whes ard depresppet by theifollofing Hernbdle (i ng
ratio of the curing prompter is within the aforenentioned range, |ow
frequency[mfs¢flegradation in 20fluidity is assured. [0063] The
epoxy resin conposition for sem conductor encapsulation according to
the prese %é ? (ﬁ@ﬂ q@y be further bl ended appropriately with
various kin d as required. The additives include
corrosion_ nhibitors such a hydrotaIC|te and zirconi um 25hydr oxi de;
i norgani cjion exgRgngers h{ as bi smuZH oxi de hydfates; coupling
agents 2p such ap -y-gly |doxypropyl tri met hoxysi | ane,

3- ner capt ppr.o E oXysi | ane,  and 8- am nopr opy

tri nmet hox /gzlﬁn_e, rTEt@nt S such aYsZ carsd()_bW‘h ahd red iront®Xi de;

| ow- stresg compon nts such as |con ber j rel easi ng agents
such as natural may inclu ing i c wax, higher
fatty acifds and their netal salts 5i Iud| % Z|nc atearate, and
paraffin; and oxidation inhibitors. [ 0064] The epoxy resin
conposition for onduct o sulatio t is used

sem condust or ol B a5 Ior R D EBSHRNT PtsPrup FroRb S Sagesens a
exanp ¥ m xi ng _the af orenenti oned conponents with a bl endi ng

machi hQa ofilici a‘loﬂk Eagh o BES Rl % 820, angrRhlereprepenta ap argapiggroun Wétth
be nelt-kneaded with a kneadi ng machi ne such as a roller, a kneader,
and an exerogitic, rivgrt athietaroguelio emigzerchnaflipbaticgrobipregpd ekl prapdtitheedane as
required, dispersivity or fluidity thereof may be regul at ed

appropr i at#ferent[[RO6bhe Mcthired the forgluer, 0L fepRs@RONy ofedsic Rra@aastihdsn a
for sem conductor encapsul ati on 15according to the present invention

may be obbajpes BYardi] ol ofRe. mUhé RInulE X8P8¥Msents an organic group that binds

to a group of Y4 and a group of Y5. Each of Y2 and Y3 represents a group that remains

15 after a proton-donating group loses a proton. The groups of Y2 and Y3 that exist in the
same molecule bind to the silicon atom to form a chelate structure. Each of Y4 and Y5
represents a group that remains after a proton-donating group loses a proton. The groups
of Y4 and Y5 that exist in the same molecule bind to the silicon atom to form a chelate
structure, Each of X2 and X3 may be the same or different from each other. Each of Y2,

20 Y3, Y4, and Y35 may be the same or different from one another. Z1 represents an organic
group that has an aromatic ring or a heterocyclic ring, or an aliphatic group.

[0057]



resin conposition, wherein conventional nolding processes including
transfer nol ding, conpression nolding, and injection nolding are

used. A cured article of the epoxy resixyy conposition that is nol ded
and cured by a nol ding process such as transfer nolding nay al so be
obt ai ned, as r efjuihe dehmuld (DUghanfpldsl of RIS, RIS AR2@M aheé R2¢ riadludeca plien§DEiotip,
200C for 20about 10 mn to 10 h. [0066] Because the total

chlorine Q%Etl%ﬂfyhe%@goﬂéﬁﬁr@h])é%ﬂhﬂleﬁ?i SoLpe BRREEPheRl ki, Sﬁ%@ﬁlﬁhfileﬁblﬁb,

(A) are low, corrosion is not easily devel oped at a junction to

copper w PROTSRRAREA ofhea AL Q%WH% “?w(}@ﬁ FAED: o AR P B Py,

sem conductor device,is produce oW CcoO 0067] Next
semi condu&iewP: Yeioee] 3’&9(':‘§r %ﬂ%cﬁg? hegbe SHHE WP“G’ ﬁ\f’é%\tamﬁl‘ll%“%%@éﬁ B‘&E‘éﬁs

In a sem conductor device of the present invention, a sem conductor
el ement t haubstisutipn growisush 2a alpbaey! fereure amestvighenyliEupagmetioxypfiensl
circuit substrate and a netal 5wire that electrically connects an

el ect ri cakrqupng hydroxgilepgisaedupand heydregghaphtiyEgnpCorronintsubstixatedat e
and an el ectrode pad di sposed on the sem conductor el enent are

encapsul abgghayctho@d Kpraeradlel | ¢l e of the epoxy resin conposition for
seni conductor erc Lg)su I'at 1 on according to the present invention.

[ 0068] 10 gﬁl es of the netal wire that electrically connects the
el ectrica ction disposed on the lead frane or circuit substrate

and the el ectrode p d di s;()sﬁsed on the sem cqonductor el epent include a
gold wire, a coBb %ﬂf*‘ﬂa a2 AFPTETCIH FRTBHIF 8IOUR &’ﬂiqﬁé%éﬂ 304 Yhe
sem conduct or device of the present invention wherein the epoxy resin
conpodl t i Similaty, SSrepisprnicarpergenic gpeup that Wndsioaseutisrg Yoandnés. gragk ehl2
15invention is used, even in the case of using a copper wire that is

| ow cost, aad N3ghk grm@lﬂmbbma@eaftexompkmirpdmﬂaug gevupdods agiriteh] Bhe groups
because corrosion is not easily devel oped at the junction to the

el ectrode,pgd i SPOSLL it BR SRRTHARIHE LR tgh%@;%on b a8 FdrhPRehelate

i nprovenents of the electrical performance of the sem conductor

device sugh re! Sty Olach b LMia VS Rla S8R HaP A S bR BR/oRating

group loses a proton. The groups of Y4 and Y35 that exist in the same molecule bind to

15  the silicon atom and form a chelate structure. Each group of X2 and X3 may be the same
or different from each other. Each group of Y2, Y3, Y4, and Y5 may be the same or
different from one another. In the formula (5), each group that is represented by
-Y2-X2-Y3- and -Y4-X3-Y5- respectively consists of a group that remains after a proton
donor loses two protons. A preferable proton donor is an organic acid that has at least two

20 carboxyl groups or hydroxyl groups in the molecule. In addition to that, aromatic
compounds that have at least two carboxyl groups or hydroxyl groups in all at an
adjacent carbon atom of an aromatic ring are preferable. Among these, an aromatic
compound that has at least two hydroxyl groups in all at a carbon atom that forms an
aromatic ring is preferable. Examples thereof include catechol, pyrogallol,

25  1,2-dihydoxynaphthalene, 2,3-dihydroxynaphthalene, 2,2’ -biphenol, 1,1’°-bi-2-naphthaol,



20[ 0069] An exanpl e of the sem conductor device of the present
invention is described with reference to Fig. 1. The sem conduct or
device of the present invention shown ibi Fig. 1 includes a |ead frane
3 that has a die pad unit 3a; a senmi conductor elenment 1 on which the
di e pad updlicyBaatid, Mhvdvoed2-mphRti@hcitvi 3-Bydtothatnaph®éd 4did; @hloyartionaegt s
the lead frame 3 25and the sem conductor elenent 1; and an

encapsul atdngf 48 iZQ]}%réﬂfBEniﬁa@olﬁ)ﬂrl?ﬂc?(%l%l&&‘aﬁeé?&], 1 %ﬁgﬁ)g@ediol, and glycerin.

af orenent i oned epoxy resin conposition sSem con

el i ere b sor ARl I AR PRl S RSl 45,

limted, but exanples thereof 5include an integrated circuit, a

I arge-scap@ﬂ?rﬁ@égrat ed circuit, a solid-state inmage-sensing el enent,
a sem conductor elenent using SiC, a power sem conductor such as
power irati#l58iors, and an on-vehicle el ectronic conponent. [0071] The
|l ead frame 3 that is used in the present invention is not

particularly |i 7l tiethe [3Aulgi(FoublesEudat dratutic BROUpIRatURE dn lafbonpdtRG g a
the lead frame 3. Specifically, lead franes or circuit substrates

that are LA; h onal.«sem CORGUCE OF, Aew ot
el udi g e o B b A SR AT S AL REIcAE okl oh Buphaic
PLCO), a ad flat package a | ow file quad flat package
(Lo, andiRr byl brolRSIAPRA okt edyn Pl srih, HrRSusafosb BB B Erov.
package (TSOP), a thick quad flat package (TQFP), a tape 15carrier
package (F0e¥Yl goupapnd gp Pefyheony: apepnatiahydipsarhen groga skaigs adspyl  a
guad flat non-|eaded package (QFN), a small outline non-| eaded

packalle ( SONp, a henzyhgrofipaamearBGA( gFoupGE)d a biptiey] godup; and ayeapickage BOA
(MAP-BQA). [0072] The sem conductor elenment 1 may be a stack of two

or nore seistonduetalp 2R ke rehicidyldNyptdpys chmpea mRrpropes U Baiug! an
el enent of a first layer is bonded to the die pad 3a through a cured

body 2 of a&iiHyeo0 BuATarit®s il PbroiH AndTe thebd, kMARNETHYE aRhvReroup, a
adhesi g g fgl r‘lﬁ an y? het

t her nosetting Siv Sem c n%lu_c or el'ements of seco _ art
Lavers o SHNFERRD KLY BLESISRa R iR B Bl e
| ayer. [0060]

15 A method of producing the adducts between phosphonium compounds and
silane compounds is as follows: in a flask charged with methanol, a silane compound
such as phenyltrimethoxysilane and a proton donor such as 2,3-dihydroxynaphthalene are
added and dissolved; then, a methanol solution of sodium methoxide is added dropwise
at room temperature while stirring, Further, a solution that is preliminarily prepared by

20  dissolving a tetra-substituted phosphonium halide such as tetraphenylphosphonium
bromide in methanol is added dropwise to the flask at room temperature while stirring, so
that crystals are precipitated; the precipitated crystals are filtered off, water-washed, and
vacuum-dried, so that the adducts between phosphonium compounds and silane

compounds are obtained. However, the method of producing the adducts is not limited to

25  the above.



25[0073] 29 The el ectrode pad 6 contains alum numas a nain
ingredient. The purity of alumnumthat is used for the el ectrode pad
6 is not particularly limted, but prefhgrably 99.5% by mass or nore.
The el ectrode pad 6 may be provided as a conventional titanium
barrier |fyei])that is formed on the surface of copper circuit tenn
nal s of an underl ayer; 5and then alum numis applied by using

conventional menpqdeehe fhimuds RloRakARd By RRIBrALIS €26 Btk OFuring
el ements such as” vacium dep03| ti on, SpUt teri ng, and e ectrol ess

pl ating. F) 014l & %ﬁrﬁgﬁ}a@!slcggl@gacrebs% 0 ﬁgltlk hl%%sr héé&@&pﬁgﬁ@%r%&%d

el ectri cal™'Uhet i r'Sposed tRe

el ectrode ad di s he sem conductor nt 1 that is nmounted
on the di 8 &He‘ﬁ?fr’t"ﬁg lﬁf%bﬂ%a‘ln@é’&q‘rﬂé‘?@o§a“@ﬁre R&LeAFhce of the

metal wre 4, an oxide filmis forned spontaneously or unavoidably in
processes{®égéndi ng on the kinds of metal wires. In the present
invention, the netal wire 4 also includes the wire descri bed above

that has the oxTReblehding emid dehs vifigcgrohfvesréohotaitdTdly limited, bufhe
dianeter of the netal wre is preferably 30 pmor |less, nore

pref er abl re?é?lﬁ fm h®S% b Mss"t‘bﬁ%%?%a)és Q';@th% \ﬂ%t tH‘?ﬁ@totaWaH&hﬂt $fiths

range, th shape at t e t|p of the netal re is stabilized, so

t hat connection.re unciion. :
the. har dngagogpsp ﬁgmﬁe%‘é?ﬂ o E RS R ko B e ank G b
flow. 20[0Q0Q7 L en a copper wire i Esed asthegtetal wre,
99. 9% by Pré% B agpiod- %% Yoppsr @moweyhﬂgt ﬁbfrt ¢ Blenging ratihef H9 9oz by
mass or nore is nore preferable. Generally, the ball shape at the tip
of t hE) coppenoteii is sonpartipdarsy hmited Zed prafeablydh@fi% dyimyasanr o with mespect
vari ous kinds of elenents (dopant) to copper. However, when the

dopant i stagidestal dineund of tRregexarslindongfositivneot mC@m%demsﬂamm@nd
bal | beconmes harder and damages the 30 el ectrode pad 6 of the

sem condugf,pf ﬁkﬁ&ﬁgf{) LA P%‘as!"'of ﬁmpm%maasmh ﬂfe?éb‘f%ﬂha%@%ﬁa B Ght Bat

degradation 1nt y resistance reliability, degra ation in

hi gh-t enpe SLO rf n Lnerea e al
resi st anceli] eelo Sfmal?c f'%le b1 (ﬁ% Etio (?que curing pr% olter I8 wetﬁ ti‘lg

aforementioned range, low frequency of degradation in curing performance is assured.

15  The upper limit of the blending ratio of the curing promoter is not particularly limited,
but preferably 1% by mass or less with respect to the total amount of the epoxy resin
composition for semiconductor encapsulation, and more preferably 0.5% by mass or less.
The reason thereof comes from the fact that when the upper limit of the blending ratio of
the curing promoter is within the aforementioned range, low frequency of degradation in

20 fluidity 1s assured.

[0063]

The epoxy resin composition for semiconductor encapsulation according to the
present invention may be further blended appropriately with various kinds of additives,
as required. The additives include corrosion inhibitors such as hydrotalcite and zirconium

25  hydroxide; inorganic 1on exchangers such as bismuth oxide hydrates; coupling agents



To the contrary, a copper wire that has a copper purity of 99.9% by
mass or nore 5provides a ball that has a sufficient softness, so that
the ball does not damage the el ectrode pad upon bondi ng. Not e
that the copper wire that is usable in the sem conductor device of
the presesticli #vegllytiddxymopy aindedxwitafe SI-ivetcafbopyMairastask Rahe, af@pe
and bonding strength by doping Ba, Ca, Sr, Be, A, or rare-earth

met al s ln3%&@1&5}3;16&%&1{&%;Qm@Oéo"{en%Mts #a 15&1 @a&%@[@a iTRSRidel

t he copper cor a copper wire Is
used as t

e or | 1At ol BenP Lt r?é‘%f‘ﬁ’ﬁﬁ‘i @?ﬁﬁiﬁelselq%%egwéi%t el of

Wer eby, the baII shape at the tip.of the copper wire is stabilized
and conned¥axdncliding |Cﬁ%vlva ¥ éfntbﬁféc Vehdvghss T3ty acisand doeiy metpdisalisi on,
an effect of preventing oxidation degradati on of copper core wire is
al so obt aimdetjing pint highratdhendpghifie apé paidatien shdrimge per f or mance of

the junction is enhanced. In the copper wire, the thickness of
the coati pgnd4qayer that is conposed of the palladi umcontaining netal
material is preferably 0.001 pmto 0.02 p.m and nore 20preferably

0.005 umto 0.0%4p Eg(}’iﬁﬁﬁ{] rﬁ)@%oﬁ{ﬂﬁ %F%@&H&%Qakhoaﬁ:h%%dzdgifo‘iﬁ.]é‘ﬁ??{?s%'a for

core wre andthep ntal ni ng netal mater coat'i ng

| ayer are not s iciently fuse re-bonding and the e
bovorres. uASieETEICqss it e il PP S pe e Ra RO oy P 2
hi gh- terrperature storage perfornmance of the junction may be degraded.
Under t he 2EFeneriaed sAagonsiewith ﬁrhlqndn&ma%hmw He gkaa&fﬁ °6riogh Qh@ﬁher
copper core wire is 25not sufficiently prevented, whereby the

noi st U e mBsi thaa ey eadbdingit-kneadsd vathua bnesuimgagm:hirﬁﬂsup]e af arctencekehder,
the junction may be degraded simlarly. [0078] The copper wire

i s obtai nedd as earedepped tiadn dpiﬂv@ﬁ%ﬁ aftér @oliBL I AIRgndtiveRageiequift€d, dispersivity
resulting ingot is ext ende by rolling and is further subjected to

wire drawigpgy, lttyzh@regr}gay Bt %%ufa?e?]'-‘algﬁﬂ‘&gza‘(&l re is heated while the wire
i s continuous rawn and the& wre 1S
[0065]
A cured article of the epoxy resin composition for semiconductor encapsulation
15  according to the present invention may be obtained by molding and curing the epoxy
resin composition, wherein conventional molding processes including transfer molding,
compression molding, and injection molding are used. A cured article of the epoxy resin
composition that 1s molded and cured by a molding process such as transfer molding may
also be obtained, as required, through full curing at a temperature of 80°C to 200°C for
20 about [0 minto 10 h.
[0066]
Because the total chlorine content and hydrolysable chlorine content of the
epoxy resin (A) are low, corrosion is not easily developed at a junction to an electrode

pad disposed on a semiconductor element even though a copper wire is used as the metal

25  wire. Whereby, a highly reliable semiconductor device is produced at low cost.



subjected to heat treatnent. In the copper wire that is used in the

sem conductor device of the present invention, the coating |ayer that
is conposed of the palladi umcontainingyretal material is formed as a
Wi re having an objective dianeter; the wire is inmersed and plated in
an el ectr@Opic or electroless solution that contains palladiumwhile
the wire 10is continuously drawm. Here, the thickness of the coating
l'ayer may be re%ktaﬁﬁdseﬁﬁcﬁlaﬁct@f éé’Vlélan%Qﬁﬁl% oftht Bredaitii@in¥ion m&%ed

process may be used, where a wre a thicker dianeter

the objective Oﬂ1 LeiniRbi &ﬁ{o?%eylcFSf me apn%éegt m(}gﬁfo%g?séxﬂ;cb Loty x clement

el ectrolytic or ef ectro ess sol ution Fawhn co |nuous

formthe oaUr1 | aye then, .the wire is drawn until t

obj ect i ve 8@}1‘3‘3’%‘] aﬂ%agdfr?@ae h%’@[&)@ﬁ@]l’ag unit or g et %&SPP@&P(‘ a metal
junction (on the | ead side) 3b of the lead frane 3 and the el ectrode
pad 6 1 hawiicghaficlgstiseadly sanndrés yesiedtoal gatcsion dispasadton thedspd deansorddnguit
together by wire reverse bonding. In the wire reverse bondi ng, at

first, tositieaeldtanetietpdepad dkpdsee of eid eaticdsitiuotnr elegi®hnire Encdpshiated
formed at the tip of the metal wre 4 is bonded; the netal 20wire 4

is cut of {i$0 aged HrbRIIPiRe rEGh c§ﬁ1b$s‘?@olpﬁfﬂgélﬂ9:0nﬁﬁ't%& entcé’pshf'éﬁon

netal plated lead 3b of the lead frane 3, the ball that is fornmed at
the tip of .th ded so as to be stitch-bonded to the bu

of thepseﬁ%cc%%agﬁ@lrepé?sgﬁr&m/g]ltl()i]ln the reverse bonding, wire hei gm)
over the sem conductor elenent 1 becones |ower as conpared with

f orwar d bb@%gﬂmg, so that junction height of the sem conductor el enent
1 is made to be | ow 25%0080] 32 The sem conductor device of the
preseh@ i nventi Bramplesbt thenpeial wire thgheleeitiapibutamien thyf eleatried] gutckioni ¢
conponent such as a sem conductor element with the epoxy resin

conposi ti dispbsad @ehe tad dieicdr @inanpsbitatd o, thasldcstel jad ddpdsaoditiheg
by conventional nolding processes such as transfer nolding,

corDr 25 S R Ak A, e R SR Ot o
Among these, in the semiconductor device of the present invention wherein the
epoxy resin composition for semiconductor encapsulation according to the present
15  invention is used, even in the case of using a copper wire that is low cost, a highly
reliable semiconductor device is attainable, because corrosion is not easily developed at
the junction to the electrode pad disposed on the semiconductor element. In addition,
improvements of the electrical performance of the semiconductor device such as
reduction in electrical resistance are attainable.
20 [0069]
An example of the semiconductor device of the present invention is described
with reference to Fig. 1. The semiconductor device of the present invention shown in Fig,
1 includes a lead frame 3 that has a die pad unit 3a; a semiconductor element 1 on which

the die pad unit 3a is mounted; a metal wire 4 that electrically connects the lead frame 3

25  and the semiconductor element 1; and an encapsulation resin 5 that is a cured article of



processes such as transfer nolding is nounted on an el ectronic
instrunment as it is, or after it is fully cured at a tenperature of
about 80C to 200C for about 10 nmto 1Gg. [0081] The
encapsul ation resin 5 is a cured article of the epoxy resin

conposi ti alfe iforenidsientCanslycssin cansaisas Rt banicasdRtcicAtagstlatibeand

present invention. [0082] In this way, in the sem conduct or
devi ce of eh&&)si?l%%%{htsclrﬁ&ﬁﬂhbt%ﬂeieﬁleﬁ@ﬂhﬁpﬂg%tﬁ wigd £ment that is
nounted on a d frane having a die pad unit or a circuit substrate

and a msti 7\/qlre that electrically connects an electrical junction
di sposed the 15l ead frame or the circuit substrate and an

el ectrode pad dtrfgosed on the sem conductor el enent are encapsul at ed
with a cured artli'e FENEPIIYREOTSHRENt A d8 Nt Raghgadait g Hed. dut Sxmmriesiherepor
encapsul ation according to the present invention. The epoxy resin (A)
that i$ udedudeantintegepeksirqush largopbsintdcoicd crowsie asclihematstionage-sensing
encapsul ation has a main peak area of 90%or nore with respect to the

total arealenfenald sepgcinguas: cement @thdyiCt Bpodel seAlp&idiRa: s®h as power
chromat ography area nethod, so that, even in the case of using a

copper w 'tx%n§1§’t€f=s hﬁd hPYh-5O%EI e@é%frf)ﬁﬁ'c%ﬁ‘t %Beltlhe junction to the

el ectrode pad on the sem conductor ele I's reduced. \Wereby, a

hi ghly rel[b@ie sem conductor devi ce that has | ow frequency of

el ectrical i stance elevation or wire-cutting at the junction is
attai nabl e. [008 ] .25Wen a copper wire is used as the netal wre,
the copper wir e 1Dglqagragsst thakis usedin thg presentigvensien iy ngtgarticularly limited.
cost-reduction of sem conductor devices. However, when the

sen cbhdudt Greudi sshesrate may bausédsingimead tisdlead ftme 3¢ Speueficabhyr lead frames or
encapsul ated with conventional epoxy resin conpositions for

seni conduciroit aneapssiitat iremsed hﬁcdﬂﬂﬁltﬂinﬁh/sdtﬁ&brﬁh@t’@:ﬁﬂeﬁ@és‘a@@hédblcy i's
soneti mes | owered. 5[ 0084] The corr03| on nechani sm at the

junction Reiyeeeaubs ;ﬁwck d@IENG nS| ere gf;ﬁ%}cgl'rféf&sﬁég raasﬁtaﬁﬂat

the sem conduct or element’ 1 may be’’c

LE{S;’E' of P %'&ééﬁﬂlﬁﬁ%ﬁéﬂéé*? SR EEg R pacﬁ“"eit@?’%%&t%l)%tﬁbl ARl PEeREm
o that LS00 aﬁtlpa%ﬂ@wé%%%a ?f§0? oK e Rkt (RIS, Fpe

corrosion resistance thereof is |ow Under hi gh tenperature and high
hum dity eemigr packass (o bak orid asran(RGderrechip eide pyckagd (GSE)s  quad flathe
cured article of the epoxy resin conposition for sem conductor

encapsul ahbodeddbdpadagp (SEN), taen naapsuh@t-leaded ek pey SONYea tdatl drante
ions corrode the alloy |ayer of copper and alum num 15that is lowin

COr r 0Si ON FEs{ISt-BES), a}{ﬂtghﬁ}?&arr%ﬂpé&g&@g@%%\ﬂ@lmgﬁl cal resistance
or wire-cutting occurs at the junction Here, by using

t he epoxy rf [ﬁgl(])n (A) that has a small chlorine content, the anount of
corrosive-c ride ions, which are generated fromthe encapsul ati on

resin 5 when t hEl\“he semiconductor element 1 may be a stack of two or more semiconductor
20 elements. In this case, a semiconductor element of a first layer is bonded to the die pad
3athrough a cured body 2 of a die-bonding material such as a film adhesive and a
thermosetting adhesive. Semiconductor elements of second and further layers are
successively stacked with an insulating film adhesive. The electrode pad 6 is provided on

each appropriate layer such as a top layer.

25 [0073]



20sem conductor device is treated at high tenperature and high

hum dity, is reduced. In this way, corrosion at the junction between
the copper wire and the al um num el ect ngde pad 6 of the sem conductor
elenent 1 is prevented. Due to this, even in the case of using a
copper wire as Theelretale padréegontdies demimonaug mam idexedeat. dthetphaty of
present invention is provided with excellent humdity resistance

reliabili hiyimigihr@iat @x@eRer thvbRBrbdtep KEGVIsGRN patcit@hr ¢ éiied, Rt prdTerably
present invention is 34 subjected to HAST treat nment (1300 85% RH,

and 20 V)P 0 WL C B, L CPRALEL O de %H'ﬁﬁ%%o\zﬁféﬁ%@ﬁ%ﬁn\;&ﬁonﬂ titanium

el ectrica re5|stance etween wrin respect

initial value is e ted to have .a f uIt desi ault. occurs
it er 1 hobaror e L i Ryfted' he Y5ty §E%I??éFHF‘|“§/t%“§Mfo dopgTae
devices are required to have 96-h resistance in the HAST treatnent
(130C,> 859nt¥hen ahanipomys apidisAdydsimerpny ertipnakmetipds efiormnimg cestiofe padgss
assured when no fault occurs after 19211 in the HAST treatnent (130C,
85% RH, anflse2ficM)ducicd @RG]enisGAish ae niduonedepabitive, sphiterusd, agd tleetrapoxy
resin conposition for sem conductor encapsul ation according to the
present i pu@Agi on, which includes therein the epoxy resin (A), the
curing agent T B), and the inorganic filler (C) and is characterized
in that tgﬁ)ﬁzoxy resin (A) has a main peak area of 90% or nore with
respect to the total area of all peaks as neasured by the gel

ernmeation chro rea nethod,. e 15sem cqnduct or devi.c
Phe. present i nvalt Mk byt faeed detedbraobarens ottt s
fault and a high humidity resistance reliability. [0087]
Enbodlrentlspesediondhp fead é‘mnea hemshihe slectpde prkdisndsed oaBw\semiganguctor

reference to figures. These are exanples of the present invention.
Var i ous ceRrfricgtii #iat inmolnesd de thet die p2Duabdy ef the Yedddramdoht@ibthe.surface of
[ Exanpl es] [0088]
the metal wire 4, an oxide film 1s formed spontaneously or unavoidably in processes
depending on the kinds of metal wires. In the present invention, the metal wire 4 also
includes the wire described above that has the oxide film on the surface thereof.
15 [0075]

The diameter of the metal wire is preferably 30 um or less, more preferably 25
um or less, and preferably 15 um or more. Within this range, the ball shape at the tip of
the metal wire is stabilized, so that connection reliability is enhanced at the junction. In
addition, the hardness of the metal wire itself reduces the frequency of wire flow.

20 [0076]

When a copper wire is used as the metal wire, 99.9% by mass or more of copper
purity is preferable, and 99.99% by mass or more is more preferable. Generally, the ball
shape at the tip of the copper wire may be stabilized upon bonding by an addition of

various kinds of elements (dopant) to copper. However, when the dopant is added in a

25  large amount of more than 0.1% by mass, the ball becomes harder and damages the



Herei nafter, specific exanples are described. The present invention
is not 35 in the exanples and conparative exanples is described

bel ow. [0089] Epoxy Resin Epoxy resin Ag bi phenyl epoxy resin (in the
formula (1), each Rat the positions of 3, 3, 55 and 5 is a nethyl
group andekavbdRedd ¢ bthpeaniconhst@fel@nen?'l,upon vardbdidings Iicofyeiiagensuch
atom "YX4000H' (trade nane, manufactured by M tsubishi Chem cal

Corp.); hayn@a@emzoﬁﬁ@m lmuﬁfk@&%c@?elﬂag?my,%et:%%oml HR&H - %ﬁm]ﬁ%&%m

of 400 ppm a hydrol ysabl e chl orine content” of ppm an ratio
of main p t ALY asured by
t he gel pgfr%n%’%t :%gfrolhg jfcghﬁ.{d 1%1%?%6915%8510%%%@%% tlm |n B:

bi phenyl sin (in the f 1 each t e positions of
5 Par™s, TR eontan 5 ohBh e &S&ﬁ%pé%w%ﬁa%% Bb(él’%%sé’ﬁ@%? 3
2', 6, and 6' is a hydrogen atom "YL7684" (trade nane: nanufactured
by M t%ubpmlde@wé}@ildé gt hap p guficienh salingsano dpo e tadfudovaneintamagt k84, a
total chlorine content of 158 ppm a hydrol ysable chlorine content of
80 ppm ankctmodeatddaipoh boadingpeak area/total area of all peaks of

92. 4% as l1l5nmeasured by the gel perneation chromatography area

net hod) . Epoxy nesi ﬂla@'tlaetﬁogf?&ﬂyllre ﬁﬁP?&Xxsﬁlﬂ@ Hl{‘til@'semwaﬁd QbR Ghhne

each Rat the positions of Is a neth group an each

Rat the p . n_a

(trade naﬁgéSéﬂégﬁ%fl%? G @V]gegwl@ VR § ?11% % v%@ g?ﬁ’ %g}plg H‘bﬂg@pﬁétrg}gth

epoxy equ | ence, o 7., a total chlorine content of 15

hydr ol ysa OEIHE% Eré %r Britle At ragg- ew@lggxefqitalﬁ HRIHREH Ogﬁﬁ@fnéjp {FHA p By grass

mai n eak area/total area of all peaks of 99.7% as neasured by the

gel ek 9803 6rwaness dglgsepperrcese Wisthod) . [ 0090] Curing Agent

Curi ng agent A: phenol aral kyl resin; "XLC-2L" (trade nane),

manuf act uf@¥7by M tsui 25Chem cals, Inc.; having a hydroxyl group

equi val ence of 175; and a nelt viscosity at

Further, when a copper wire is used as the metal wire, preferably, the copper

wire has a coating layer of a palladium-containing metal material on the surface thereof.
Whereby, the ball shape at the tip of the copper wire is stabilized and connection

15 reliability at the junction is enhanced. In addition, an effect of preventing oxidation
degradation of copper core wire is also obtained, so that the high-temperature storage
performance of the junction is enhanced.

In the copper wire, the thickness of the coating layer that is composed of the

palladium-containing metal material is preferably 0.001 pm to 0.02 um, and more

20 preferably 0.005 pm to 0.015 um. Over the aforementioned upper limit, copper core wire
and the palladium-containing metal material of the coating layer are not sufficiently
fused upon wire-bonding and the ball shape becomes unstable, whereby the moisture
resistance and the high-temperature storage performance of the junction may be degraded.

Under the aforementioned lower limit, oxidation degradation of the copper core wire is

25 not sufficiently prevented, whereby the moisture resistance and high-temperature storage



36 150C of 360 nPa.s. Curing agent B: phenol novol ak resin; "PR-HF- 3"
(trade nane), manufactured by Sum tono Bakelite Co., Ltd.; having a
softeni ng point of 80C and a hydroxyl @ioup equi val ence of 104.

5[ 0091] Filler Fused spherical silica (having an average di aneter of
26.5 um pomdraianca gl theglnyctineingdytbeategtadlsd swifilaolyr t i cl es t hat have a

di aneter of 105 umor nore; "FB-820" (trade nane, manufactured by
DENKI | CAg] KOGYO KABUSHI KI | CAI SHA) . 10[ 0092] Curing Pronoter
Curing pronoter: 1,4-benzoqui none adduct of triphenyl phosphine (TPP;

"PP360" (trade Egg?ﬁ Q&‘J&gg%’tﬁfégd 9%’&1 c@p&t&ﬁ&} Ez%'t 115191% fnrr%urgﬁce the

Ltd.). [0093] 1 ent agent yC| o>‘€’y ro
tri met hox

Lo hon o Kbt BR Sl 5 Seened by goliRE 40 fﬁMﬁﬁr& %@J%@SP R qdraw%ﬁaagm

wer e used. 20[0095] Production_of Epoxy Resin Conposition:
1) 5 the reyhngpgrys hestgdwigly @es’arqdaﬂﬁétrwuﬁﬂﬁgkpe}wn @llifbﬂ’éllbrth% ylrﬁg% nt
A (6.20 parts by nass), the fused spherical silica as filler (86.00
parts by sEygsited toHeatwedtmgnip frotiltoeppdrOvikOthpias bisdalyin2bersensiponduo®r device of
coupling agent (0.25 part by mass), carbon black as a colorant (0.30
part by the present invention, the coating layer that is composed of the palladium-containing
metal material is formed as a wire having an objective diameter; the wire is immersed
and plated in an electrolytic or electroless solution that contains palladium while the wire
10 is continuously drawn. Here, the thickness of the coating layer may be regulated by the
drawing speed. Alternatively, another process may be used, where a wire that has a
thicker diameter than the objective one is prepared; the wire 1s imimersed in the
electrolytic or electroless solution and drawn continuously so as to form the coating
layer; and then, the wire is drawn until the objective diameter is attained.
15 [0079]

The electrical junction (on the lead side) 3b of the lead frame 3 and the electrode
pad 6 that is disposed on the semiconductor element 1 may be bonded together by wire
reverse bonding. In the wire reverse bonding, at first, to the electrode pad 6 of the
semiconductor element 1, a ball formed at the tip of the metal wire 4 is bonded; the metal

20 wire 4 is cut off so as to form a bump for stitch-bonding; then, to the metal plated lead 3b
of the lead frame 3, the ball that is formed at the tip of the wire is bonded so as to be
stitch-bonded to the bump of the semiconductor element 1. In the reverse bonding, wire
height over the semiconductor element 1 becomes lower as compared with forward

bonding, so that junction height of the semiconductor element 1 is made to be low.

25 [0080]



37 mass), and canmauba wax as a nol d-rel easi ng agent (0.50 part by
mass) were blended with a m xing nmachine at 15C to 28C and then
kneaded with rolls at 70C to 100C. Aftep cooling and pul verizati on,
an epoxy resin conposition was obtained. [0096] 5(Exanples 2 to 4,
Conpar ati ve Exaiift esnitomhdtor)device of thelpiesaaciovelaivnas vbtamet kienading
prescriptions for epoxy resin conpositions for sem conductor

encapsul athQpsiiidin & H éﬂ&?ﬂ]i&%}ﬂoﬁeﬂ_ﬁ%ﬁ ada sﬁﬁl@&ﬂdﬂcﬁﬁ'e[&n&%%ﬁ'tﬁé ons
for sem conduct or encapsu ation were obtained in a manner simlar to

Exanpl e 1
terms of ?L Cwlﬁa 81[11ffg%g%%)}ndﬁagﬁ%%gﬁugaﬁ%& e%?élgnﬁd% O%mg by
Devi ces: A TEGé} 5LEI\/EI\FI’ GROUP Chl? § that h%

al unmi num EPRERHORA MIGES RERCCRISH AR asdTansyl Mo PARAR R nﬁ%m&. #idg
(substrate thickness is 0.56 inm a bisnmaleimde triazine resin/gl ass
cl ot h Subsyeciton;myldisigagles sanrieondyictosdevize Bat isrpnaansulatiddhroagk tiesmaldig
nm; and the alum num el ectrode pads of the TEG chip and the

el ect r ode ppadseoiudhhe tsubsi maldnyBmeowitédeabaneecrotid msaummene it ivi are
AN (copper purity is 99.99% by nmass) at a wire pitch of 80 umin a
dai sy- chabReCPRNGAY bORd af RRSSHIRNR (ﬁ"&ﬁ@iﬂ%‘@b@ttg dogict Fbr %Hﬂutqf() lﬁllﬁeto QQ(P]XY
resin conmpositions for sem conductor encapsul ati on of Exanpl es

and Corrpai}&t8 F'e Exanples 1 and 2, and nolded with a 20 | ow pressure
transfer d ng machine ("Y Series" (trade nanme, manufactured by
TOM Corp.)) ungfr condltlons of_ 175C of mol d .t enperature, 6.9 MP

i nj ection presstPeSNCAREISIGMIEHN Sl AicHEFdarede 0%@@@%}/%@2@%@@@& or
packages were fabricated. The packages were post-cured under

condi ?@ onsgemfconfBErendapsulatisn agsordiog dhthgipressehinganigoact or devi ces.
25[0098] 38 Evaluation Method: (1) Evaluation of properties of epoxy
resin conpaEyi ons The properties of the resulting epoxy resin
conposi tions were eval uated by the follow ng nethod. The results are

shown in Table f miOQR2kn %'s&ﬁhco‘fﬁ@c‘!ﬁ’oﬁ ®ce of the prebt MeftibW Pressure

transfer nol ding nmachine (" (trade nane, nmanufacturéd by
Koht aki P
KO P R s bl WP g

Conpar at i .
P suebstrate and a metal wire that electrically connects an electrical junction disposed on the

I5  lead frame or the circuit substrate and an electrode pad disposed on the semiconductor
element are encapsulated with a cured article of the epoxy resin composition for
semiconductor encapsulation according to the present invention. The epoxy resin (A) that
1s used in the epoxy resin composition for semiconductor encapsulation has a main peak
area of 90% or more with respect to the total area of all peaks as measured by the gel

20 permeation chromatography area method, so that, even in the case of using a copper wire
that 1s low cost, corrosion at the junction to the electrode pad on the semiconductor
element is reduced. Whereby, a highly reliable semiconductor device that has low
frequency of electrical resistance elevation or wire-cutting at the junction is attainable.
[0083]

25 When a copper wire is used as the metal wire, the copper wire is low cost, so



10 Exanples 1 and 2 was injected into a nold for the spiral flow
measurenent in accordance with El VIM-1-66 so as to neasure a flow
|l ength (unit: cn) under conditions of BA5C of nold tenperature, 6.9
MPa of injection pressure, and 120 s of curing tine. Wen the | ength
was 60 cnthat itliessfulrifot dishgeduatidn oswgoticasiupion dévitdsi Hgwpaarkalen the
sonetinmes occurred. 15[0100] Gel Tinme (GI) Each of the epoxy

resi n conmpagicbhdiRtforfelimge Misanslusinetie@ e aRIVpRrividfre Rfenfapdimaledsvith to 4
and Conparative Exanples 1 and 2 was fused on a 175C heat plate, and

the time phal wes é'ég%wn{eﬁﬂ cﬂﬁ@bkltlbﬁgefo?eaﬁ%oﬁ@lﬁﬂt& RiRARkbh APe Yi@iﬁn

cured was neasure €poxy resin conposition was

wth a spat suI s are shown in Table 1. [0102] (2)
Eval uat i O}:lesg]ta%gﬁggﬁﬁ%bsesogp% ?:Vb?‘fa ctor devices 39 sem conduct or
devi ces was neasured by the foll ow ng nethod. The results are shown
in Tabte 1008#b103] HAST Wil e a 352-pin BGA package was used,
in accordance with TFC 68-2-66, the HAST (H ghly Accel erated

t enper at ur e andThenordision BecleasnTashg juvasopbetiveemtd.cofpe wiesdnd the
conditions were 130C, 85% RH, and 20 V of applied voltage. Crcuit

open faul h]u\%ﬁﬁu:ﬁ\éﬁécﬁﬁé@ﬁa@(@ bﬁﬂw%@mﬁ'bon&@&orrbielﬁéntjloxgﬁy Be @tfmslide@@& AEBHows.
time. Four termnals for every package were selected, and five

packages, A} H?ﬁt Jtuhétzon iffeitade F%E%% ’Eh%va Wpber v?ﬁ’é”‘éx@tﬁ {@‘Jlullﬁr e Kb | pid {3 EF

nunber of circul ation
HAST, the .case.of n

A the clESeBRCRgl tauélﬁma?ﬁe U3V A pohest A O Ie Pl E b FE GUIBEOR:
and the other cases 15were evaluated to be C.[0105]
copper and aluminum forms a galvanic pair, so that the electrochemical activity thereof is
high and the corrosion resistance thereof is low. Under high temperature and high
humidity conditions, chloride ions are generated by hydrolysis of the cured article of the
epoxy resin composition for semiconductor encapsulation that composes the
encapsulation resin 5. The chloride ions corrode the alloy layer of copper and aluminum
15  that is low in corrosion resistance. Whereby, an increase in electrical resistance or
wire-cutting occurs at the junction.
[0085]
Here, by using the epoxy resin (A) that has a small chlorine content, the amount
of corrosive chloride ions, which are generated from the encapsulation resin 5 when the
20 semiconductor device is freated at high temperature and high humidity, 1s reduced. In this
way, corrosion at the junction between the copper wire and the aluminum electrode pad 6
of the semiconductor element 1 is prevented. Due to this, even in the case of using a
copper wire as the metal wire, the semiconductor device of the present invention is

provided with excellent humidity resistance reliability.

25 For example, when the semiconductor device of the present invention is
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subjected to HAST treatment (130°C, 85% RH, and 20 V), where the semiconductor

device that increases the electrical resistance between wirings by 20% with respect to the
initial value is evaluated to have a fault, desirably no fault occurs after the device is
treated for 192 h.

Generally, semiconductor devices are required to have 96-h resistance in the
HAST treatment (130°C, 85% RH, and 20 V). Considering this, sufficient reliability is
assured when no fault occurs after 192 h in the HAST treatment (130°C, 85% R, and 20
V).

[0086]

As mentioned above, by using the epoxy resin composition for semiconductor
encapsulation according to the present invention, which includes therein the epoxy resin
(A), the curing agent (B), and the inorganic filler (C) and is characterized in that the
epoxy resin (A) has a main peak area of 90% or more with respect to the total area of all
peaks as measured by the gel permeation chromatography area method, the
semiconductor device of the present invention that has a reduced frequency of
wire-cutting fault and a high humidity resistance reliability.

[0087]

Embodiments of the present invention are described above with reference to

figures. These are examples of the present invention. Various configurations besides the

above may be adoptable.

[Examples]
[0088]
Hereinafter, specific examples are described. The present invention is not

limited to these specific examples. Each component of the epoxy resin compositions used
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in the examples and comparative examples is described below.
[0089]

Epoxy Resin
Epoxy resin A: biphenyl epoxy resin (in the formula (1), each R at the positions of 3, 3°,
5, and 57 is a methyl group and each R at the positions of 2, 2°, 6, and 6’ is a hydrogen
atom; “YX4000H” (trade name, manufactured by Mitsubishi Chemical Corp.); having an
epoxy equivalence of 193, a total chlorine content of 400 ppm, a hydrolysable chlorine
content of 150 ppm, and a ratio of main peak area to total area of all peaks of 83.7 % as
measured by the gel permeation chromatography area method).
Epoxy resin B: biphenyl epoxy resin (in the formula (1), each R at the positions of 3, 3°,
5, and 57 1s a methyl group and each R at the positions of 2, 2°, 6, and 6’ is a hydrogen
atom; “YL7684” (trade name: manufactured by Mitsubishi Chemical Corp.); having an
epoxy equivalence of 184, a total chlorine content of 158 ppm, a hydrolysable chlorine
content of 80 ppm, and a ratio of main peak area/total area of all peaks of 92.4% as
measured by the gel permeation chromatography arca method).
Epoxy resin C: biphenyl epoxy resin (in the formula (1), each R at the positions of 3, 3°,
5, and 57 1s a methyl group and each R at the positions of 2, 2°, 6, and 6’ is a hydrogen
atom; “YX 40007 (trade name: manufactured by Mitsubishi Chemical Corp.), having an
epoxy equivalence of 177, a total chlorine content of 15 ppm, a hydrolysable chlorine
content of less than 10 ppm, and a ratio of main peak area/total area of all peaks 0f 99.7%
as measured by the gel permeation chromatography area method).
[0090]

Curing Agent
Curing agent A: phenolaralky! resin; “XL.C-2L” (trade name), manufactured by Mitsui

Chemicals, Inc.; having a hydroxyl group equivalence of 175; and a melt viscosity at
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150°C of 360 mPa:s.

Curing agent B: phenolnovolak resin; “PR-HF-3” (trade name), manufactured by
Sumitomo Bakelite Co., Ltd.; having a softening point of 80°C and a hydroxyl group
equivalence of 104,
[0091]

Filler
Fused spherical silica (having an average diameter of 26.5 um; containing 1% by weight
or less of particles that have a diameter of 105 pm or more; “FB-820" (trade name,
manufactured by DENKI KAGAKU KOGYO KABUSHIKI KAISHA).
[0092]

Curing Promoter
Curing promoter: 1,4-benzoquinone adduct of triphenyl phosphine (TPP; “PP360” (trade
name, manufactured by K-I Chemical Industry Co., Ltd.).
[0093]

Coupling Agent
Coupling agent: y-glycidoxypropyl trimethoxysilane
[0094]

Besides the aforementioned components, carbon black as a colorant and
carnauba wax as a mold-releasing agent were used.
[0095]
Production of Epoxy Resin Composition:

{(Example 1)

The epoxy resin B (6.55 parts by mass), the curing agent A (6.20 parts by mass),
the fused spherical silica as filler (86.00 parts by mass), the curing promoter (0.20 part by

mass), the coupling agent (0.25 part by mass), carbon black as a colorant (0.30 part by
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mass), and camauba wax as a mold-releasing agent (0.50 part by mass) were blended
with a mixing machine at 15°C to 28°C and then kneaded with rolls at 70°C to 100°C.
After cooling and pulverization, an epoxy resin composition was obtained.

[0096]

(Examples 2 to 4, Comparative Examples 1 and 2)

In accordance with blending prescriptions for epoxy resin compositions for
semiconductor encapsulation that are described in Table 1, epoxy resin compositions for
semiconductor encapsulation were obtained in a manner similar to Example 1. All of the
blending ratios described in Table 1 are in terms of part(s) by mass.

[0097]

Fabrication of Semiconductor Devices:
A TEG (TEST ELEMENT GROUP) chip (3.5 mm X 3.5 mm) that had

aluminum electrode pads was bonded to a die pad unit of a 352-pin BGA (substrate
thickness is 0.56 mm; a bismaleimide triazine resin/glass cloth substrate; package size is

30X 30 mm and thickness is 1.17 mm); and the aluminum electrode pads of the TEG

chip and the electrode pads of the substrate were wire-bonded with a copper wire 4N
(copper purity is 99.99% by mass) at a wire pitch of 80 um in a daisy-chain connection.
These were encapsulated with any of the epoxy resin compositions for semiconductor
encapsulation of Examples 1 to 4 and Comparative Examples 1 and 2, and molded with a
low-pressure transfer molding machine (“Y Series” (trade name, manufactured by TOWA
Corp.)) under conditions of 175°C of mold temperature, 6.9 MPa of injection pressure,
and 2 min of curing time. Whereby, 352-pin BGA packages were fabricated. The
packages were post-cured under conditions of 175°C and 4 h so as to obtain
semiconductor devices.

[0098]
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Evaluation Method:

(1) Evaluation of properties of epoxy resin compositions

The properties of the resulting epoxy resin compositions were evaluated by the
following method. The results are shown in Table 1.

[0099]

Spiral Flow (SF)

Using a low-pressure transfer molding machine (“KTS-15" (trade name,
manufactured by Kohtaki Precision Machine Co., Ltd.)), each of the epoxy resin
compositions for semiconductor encapsulation of Examples 1 to 4 and Comparative
Examples 1 and 2 was injected into a mold for the spiral flow measurement in
accordance with EMMI-1-66 so as to measure a flow length (unit: cm) under conditions
of 175°C of mold temperature, 6.9 MPa of injection pressure, and 120 s of curing time.

When the length was 60 cm or less, molding fault such as non-filling package sometimes

occurred.
[0100]

Gel Time (GT)

Each of the epoxy resin compositions for semiconductor encapsulation of
Examples 1 to 4 and Comparative Examples 1 and 2 was fused on a 175°C heat plate,
and the time that was required until the epoxy resin composition was cured was measured
while the epoxy resin composition was kneaded with a spatula.

[0101]
The results are shown in Table 1.
[0102]
(2) Evaluation of performance of semiconductor devices

The humidity resistance reliability (HAST) of the fabricated 352-pin BGA
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semiconductor devices was measured by the following method. The results are shown in
Table 1.
[0103]

HAST

While a 352-pin BGA package was used, in accordance with IEC 68-2-66, the
HAST (Highly Accelerated temperature and humidity Stress Test) was performed. The
test conditions were 130°C, 85% RH, and 20 V of applied voltage. Circuit open fault was
evaluated after 96 h, 192 h, or 1008 h of treatment time. Four terminals for every
package were selected, and five packages, that is, twenty circuits were evaluated. The
unit is the number of fault circuits.
[0104]

Evaluation Criteria

In the HAST, the case of no fault after 1008-h treatment was evaluated to be
AA,; the case of no fault after 192-h treatment was evaluated to be A; and the other cases
were evaluated to be C.

[0105]
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[0106]

As shown in Table 1, semiconductor devices with encapsulation resins that are
provided by curing the epoxy resin compositions for semiconductor encapsulation of

Examples 1 to 4 exhibit no fault in the HAST evaluation of 192-h treatment.

[Field of Industrial Application]
[0107]

In the case of using a semiconductor element that is mounted on a lead frame
having a die pad unit or a circuit substrate and a metal wire, especially, a copper wire that
electrically connects an electrical junction disposed on the lead frame or circuit substrate
and an electrode pad disposed on the semiconductor element, the epoxy resin
composition for semiconductor encapsulation according to the present invention
suppresses corrosion at the junction between the electrode pad on the semiconductor
element and the copper wire under high-temperature and high-humidity conditions. The
epoxy resin composition is suitably used for the manufacture of semiconductor devices

with low cost and improved reliability.

[Brief Description of the Reference Symbols]

[0108]
1 Semiconductor element
2 | Cured article of die-bonding material
3 Lead frame

3a Die pad unit
3b Electrical junction of lead frame (lead)

4 Metal wire (copper wire)



0 C 41 [0106] As shown in Table 1, sem conductor devices wth
encapsul ation resins that are provided by curing the epoxy resin
conpositions for sem conductor encapsul ation of Exanples 1 to 4
exhibit no fault in the HAST eval uati®h of 192-h treatment. 5 [Field
of I'ndustri al AQ?|icaﬁ§ﬁﬁ%aﬁﬁiﬂﬁ-mn In the case of using a

sem conductor elenment that 1s nounted on a lead frame having a die
pad unit or a cugcuité§UQfoat and a netal wire, especially, a
copper wire that” 10el YPHEENY connects an el ectrical junction

di sposed on the lead franme or circuit substrate and an el ectrode pad
di sposed on the sem conductor el enent, the epoxy resin conposition
for sem conductor encapsul ati on according to the present invention
suppresses corrosion at the junction between the el ectrode pad on the
sem conductor el enment and the copper wire under high-tenperature and
hi gh-hum dity conditions. The 15epoxy resin conposition is suitably
used for the manufacture of sem conductor devices with | ow cost and
inproved reliability. [Brief Description of the Reference Synbol s]

[ 0108] 201Sem conductor elenment 2Cured article of die-bonding
materi al 3Lead franme 3aDi e pad unit



3bEl ectrical junction of |ead frame (lead) 254Metal wire (copper
wire) 5SEncapsulation resin 6Electrode pad 43 [CLAIMS] [C aim 1]

An epoxy resin conposition for sem conductor encapsul ation, which is
used to produce a sem conductor device 3by encapsul ating a

sem condug@m]emnt that is nounted on a lead frane having a die
pad unit a circuit substrate, and a netal wire that electrically
connects a[ré,éel eﬁtrode pad di sposed on the sem conductor el enent and
an el ectrilca?™ tincti on di sposed on the lead frame or the circuit
substrate; the epoxy resin conposition for sem conductor _ L
encapsul ati on conpri sesh epPXYgesiy cORPPHPRSOr samiepningongeapsulaion, whish is
an 10 inorganic filler (C, wherein the epoxy resin (A has a main
peak area of 90%sed toyodusd 4 fentiesiplctor idovich by totapkulatiesna eémebhdypeaks
as neasured by a gel perneation chronmatography area nethod. [C ai m 2]

The epagxy resin SoppshdtiPmolifted SRWICANEMEE ﬁﬁviﬁ@ﬁ?ﬁ@ AUdiOd a circuit

15according to Caiml, wherein the epoxy resin (A has a main peak

meacured by ¢he R berldattan wir ek P s by R il B fhosr

The epoxy resin conposition for sem conductor. encapsul ation
20according to éﬁVhBﬁ‘?é“@P“@%‘PfrFéelﬂelﬁr?HHﬂ* %@}Cérwnﬁ%@ @529@96 pa&lend)

has a total
frame or the circuit substrate; the epoxy resin composition for semiconductor
encapsulation comprises an epoxy resin (A), a curing agent (B), and an
10 inorganic filler (C), wherein the epoxy resin (A) has a main peak area of 90% or
more with respect to the total area of all peaks as measured by a gel permeation
chromatography area method.
[Claim 2]
The epoxy resin composition for semiconductor encapsulation
15 according to Claim 1, wherein the epoxy resin (A) has a main peak area of 92%
or more with respect to the total area of all peaks as measured by the gel
permeation chromatography area method.
[Claim 3]
The epoxy resin composition for semiconductor encapsulation
20 according to any one of Claims 1 and 2, wherein the epoxy resin (A) has a total
chlorine content of 300 ppm or less and a hydrolysable chlorine content of 150
ppm or less.
[Claim 4]
The epoxy resin composition for semiconductor encapsulation

25 according to any one of Claims 1 and 2, wherein the epoxy resin (A) has a total



chlorine content of 300 ppmor |ess and a hydrol ysabl e chlorine
content of 150 ppmor less. [Claim4] The epoxy resin conposition for
sem conduct or encapsul ation 44 chlorine content of 200 ppmor |ess
and a hydrol ysabl e chlorine content of %400 ppmor less. [Caimb5] The
epoxy resin co
any one-of "ol ai raryrieQpleRf pE ST KL RsPenFRARDH Y SllomRE GA AT iR
epoxy resin which is ]respresented by the following formula (1):
[ Cheri cal For mul®™T'®55i n which each R represents, independently
fromone another, a 10 hydrogen atom or a hydrocarbon group having 1
to 4 carbdfl@tbils; n represents pol ynerization degree; and the
average value of nis a positive nunber fromO to 4. [Claim®6] The
epoxy resin comnpositi drhefapoxs essic omdpastitirn fonsapsohdict@rentfmazoodi ng
to any one of Clainms Ito 5, wherein a blending ratio of the epoxy

5 according to any one of Claims 1 to 4, wherein the epoxy resin (A) comprises an

epoxy resin which is represented by the following formula (1):

[Chemical Formula 7}

R R R R R R R R
\0 b
7 AT T ) )y @
R R R R R R R R

— n

in which each R represents, independently from one another, a
10 hydrogen atom or a hydrocarbon group having 1 to 4 carbon atoms; n represents

polymerization degree; and the average value of n is a positive number from 0 to

4.
[Claim 6]
The epoxy resin composition for semiconductor encapsulation
15 according to any one of Claims 1 to 5, wherein a blending ratio of the epoxy

resin (A) is from 3% by mass to 20% by mass with respect to the total amount of
the epoxy resin composition for semiconductor encapsulation.
[Claim 7]
The epoxy resin composition for semiconductor encapsulation
20 according to any one of Claims 1 to 6, wherein the metal wire is a copper wire.
[Claim 8]

The epoxy resin composition for semiconductor encapsulation



H

resin (A is from3%by mass to 20% by nmass with respect to the total
anount of the epoxy resin conposition for sem conductor

encapsul ation. [C aim7] 45 The epoxy resin conposition
for sem conductor encapsul ati on 20according to any one of Clainms 1 to
6, wherein the raseeding tpé& lpion 3, whgspara deapeat in[aglamawngpl Tho Bpoass ardessn
conposition for sem conductor encapsulation 45 according to Caim7,
wher ei n a dopantwitinregpecatmesppeodf the topuy wiresis added, @sd thel dobpergripieg bf the
copper of the copper wire is added, and the copper purity of the
copper wire is 93,000.bYe [FBBS)BHLyRER or hfdr@i m 9] S5A sem conduct or

devi ce, conpri si ng a sem conductyor el ement nounted on a | ead frane
havi ng a d[ Q_gﬁ unit or on a circuit substrate, and a netal wre

el ectrical F@lﬁ necting an electrical junction disposed on the |ead
frame or the circuit substrate and an el ectrode pad di sposed on the
sem coAduct or el ement A SEARCORAICIACY BRJRERRIFSIRE prERCoRHglar glemast gounted
W re being encapsulated with a 10cured article of the epoxy resin
conposi tion for senlddictnd baviege dpspaddamitor ocaccaraitrsgbitigapd emetdfwire
Clains 1 to 8 [Caim10] The sem conduct or device according to

G aim9, whereinelbi@ichBl Bnndbifs b elBetEieRRBRcHMN Esposed on the lead frame or the
circuit substrate and an electrode pad disposed on the semiconductor element,
and the semiconductor element and the metal wire being encapsulated with a
10 cured article of the epoxy resin composition for semiconductor encapsulation
according to any one of Claims 1 to 8.
[Claim 10]
The semiconductor device according to Claim 9, wherein the metal

WITE 1S a COpper wire,






