1 SPECI FI CATI ON EPOXY RESI N COVPCSI TI ON FOR ENCAPSULATI NG

SEM CONDUCTOR CHI P AND SEM CONDUCTOR DEVICE 5 TECHNI CAL FI ELD

[ 0001] The present invention relates to an epoxy resin conposition
for encapsulating a sem conductor chip and a sem conduct or device
enpl oying 10 thereof. The present invention particularly relates to
an epoxy resin conposition for encapsulating a sem conductor chip,

whi ch has inproved characteristics SHEBIEHEATIGWability,

nol d-rel easeability and sequential noldability, and a sem conduct or
devi ce enpl oying thereof, which has an inproved the resistance to
refl ow sol dering heat. 15 BACKGROUND ART [0002] In recent years,

| evel s of i nt egERXiy ORESANICRMBOBEATEONTBOR tEACAPSUDATING SEMRE@BRAIR GHIP AND
chips are increasing, under a situation where there 20 are grow ng
needs for achieving advanced functSEMRGONMUOTOR GRVECE, t hi nner and nore
conpact bodi es of electronic equi pnents. Based on such situation, it
is the current status that requirenents for epoxy resin conpositions
for encapsul ati ng sem conductor chips growi ngly becone nore severe.

I n particul argcHasCAL [Fe¥BEb of a reduction in thickness of 25 a

sem conductor device is increased, stress may be generated due to an
i nconpl ete npdddgel easi ng of a cured product of the epoxy resin
conposition froma netal nold. Such stress may cause a crack that are
2 generated in tiehebpoysent trhensibom cehstest op ahiepoxnakeatedopositaon for
sem conduct or device and/or a reduced adhesiveness at the interface
bet ween t he entapaulssing arsnbendsendic ahdpciror acsdnp.co@brsequé@iiby  spdoying

10 thereof. The present invention particularly relates to an epoxy resin
composition for encapsulating a semiconductor chip, which has improved
characteristics such as flowability, mold-releaseability and sequential
moldability, and a semiconductor device employing thereof, which has an
improved the resistance to reflow soldering heat.

15
BACKGROUND ART
[0002]

In recent years, levels of integration and surface mountability
of semiconductor chips are increasing, under a situatiocn where there

20 are growing needs for achieving advanced functions and lighter, thinner
and more compact bodies of electronic equipments. Based on such
situation, it is the curreﬁt status that requirements for epoxy resin
compositions for encapsulating semiconductor chips growingly become
more severe. In particular, as a level of a reduction in thickness of

25 a semiconductor device is increased, stress may be generated due to an
incomplete mold-releasing of a cured product of the epoxy resin

composition from a metal mold. Such stress may cause a crack that are



i nproved nol d-rel easeability for facilitating the rel ease of the
nol ded 5 product (cured product), which i& obtained froman epoxy
resin conposition, fromthe netal nold is required. Further, in view
of a productivity, a nature for allow ng nol ded products to be
sequentially nolded (in other words, sequential noldability) is
required. [0003] 10 Further, in a situation that an environnental
| oad is a crdehecaled isdhe, bodie of ype stnswohdertdrsclip tiohbaleflr pmthe
| ead-containing solder to |ead-free solder. Wien | ead-free solder is
used, a tenpematandectenmpkoyed s#hdrosal deducerdondesivendss & gherirtthamaee
case using |l ead- containing solder, and thus nuch higher stress may
be gener at etbetiuesrt ahdSowredaperinz atd dheofemiattuctont@iipe ddrgegurmtly, an
sem conductor device. As such, the resistance to reflow sol dering
heat of a nohtedver aditirel beowmhn i pifer sk ditetpngihenreélmsei of tthe molded
conventional technol ogy. [0004] Accordingly, various proposals for
i mprovi Bg t heotiest stanse produd( , refichwis abteinany fheatnasmxyadesinFor
exanpl e, an epoxy resin conposition containing a biphenyl epoxy
resin, whichedmgogidions viremotise mepak ynolésian reqiired. wiRurtber,i norgami ef a
filler at higher filer-loading, is proposed (see Patent Docunent 1
and Pat ent DRecdnentvily).a Sehoe Sochllepdxy mobdchpcotqoasi to dr saneatimslly
inorganic filler at higher filler 25 loading, flowability thereof is
reduced. As mallabg @dnr eshest ancds,t eequest-ialvrebtaeling heatemfirad ol ded
product is a trade-off with a flowability of an epoxy resin
conposi tion fam3encapsul ating a 3 sem conductor chip. [0005]
Therefore, there is a need for an epoxy resin conposition for
encapsuloat i ng a semirtiengdudhor schipcimaviing an dnvprovedtal owabiils wycriical
5 inproved nol d-rel easeability, an inproved sequential noldability
and the |ikeissand Addtypondl syldeavinggwihgroly Ecore Rardctoatabtingssafdes to
cured

lead-free solder. When lead-free solder 1s used, a temperature

employed for solder processing is higher than a case using lead-
containing solder, and thus much higher stress may be generated due to
15 a vaporization of water contained in the semiconductor device. As such,
the resistance to reflow soldering heat of a melded product, bescome
more serious problem than in the conventional technclogy.
[0004]
Accordingly, various proposals for improving the resistance to
20 reflow soldering heat are made. For example, an epoxy resin
composition containing a biphenyl epoxy resin, which is a low-viscous
epoxy resin, mixed with an inorganic filler at higher filer-loading, is
proposed (see Patent Document 1 and Patent Document 2 ). Since such
epoxy resin composition contains inorganic filler at higher filler-
25 loading, flowability thereof is reduced. As such, a resistance to
reflow soldering heat of a molded product is a trade-off with a

flowability of an epoxy resin composition for encapsulating a



product thereof, such as an inproved resistance to reflow sol dering
heat and the like, as well as a need for a sem conductor device that
is fornmed by encapsulating a sem conductor chip with the epoxy resin
10 conposition. [Patent Docunment 1] Japanese Lai d-open patent
publication No. HO5- 131486 (P1-P9) [Patent Document 2] Japanese
Lai d- open patent publication No. HO8- 15 253555 (P2-P9) DI SCLOSURE OF
THE | NVENTI eRnigagiosto2ghfihe present invention has been conceived in
view of the foregoing situation, and it is an object of the present
i nvention tad009¥lovi de an epoxy resin conposition for encapsul ating a
sem conductor chip having an inproved flowability, an inproved
mol d-r el easeabi | | Therefgnei mpeovdd 8eameehidnlannebakabiesiny canepsinheon for
| i ke, and additionally 25 having inproved characteristics of a cured
product theesofpsidathhag asmiconguayeedchyies hatiagcen tioprefddoilewiodelingan
heat and the |ike, and a sem conductor device that is fornmed by
encapsub at i Agproveeniielshdadeancadilidgli prwiitthreved spmeptialsitpldability and
conposition. [0007] According to one aspect of the present
i nvention, therklkes ampt ediltadnably hpving éppxorerechiaractempicsics o & grured
encapsul ating a sem conductor chip, including: (A) an epoxy resin;
(B) a phenobiedudsitheredfC) suthe &% eanadoiavedt wsistandeDro arefilaorapadecing
filler; (E) a nold releasing agent; (F) a silane coupling agent; and
heat and the like, as well as a need for a semiconductor device that is

formed by encapsulating a semiconductor chip with the epoxy resin

10 composition.

[Patent Document 1] Japanese Laid-open patent publication No. HO5-
131486 (P1-P9)
[Patent Document 2] Japanese Laid-open patent publication No. HO8-

15 253555 (P2-P9)

DISCLOSURE OF THE INVENTION

[0006]

20 The present invention has been conceived in view of the
foregoing situation, and it is an object of the present invention to
provide an epoxy resin composition for encapsulating a semiconductor
chip having an improved flowability, an improved mold-releaseability,
an improved sequential moldability and the like, and additionalily

25 having improved characteristics of a cured product thereof, such as an
improved resistance to reflow soldering heat and the like, and a

semiconductor device that is formed by encapsulating a semiconductor




(G a chem cal conmpound having aromatic ring that has hydroxyl

groups, each of which is bound to respectéve two or nore adjacent 15
carbon atons that conposes said aromatic ring, wherein at |east one
of said (A) epoxy resin and said (B) phenolic resin contains a resin
presented by the follow ng general formula (1): X RRRR X CH2 CH2
/| H~1} RRRRN 20 (wherein plurality of R which are sane or

di fferent, rckpresehtthsd apcty araln groppyigiosel ected from a group

consi sting of hydrogen atom and al kyl groups having one to four
carbon(s); Xobegpresents glycidyl ether group or hydroxyl group; and
n represents an average value that 5 is a positive nunber within a
range of from 1 tac@rdindperebne saicdcf B hind presdreasnveptagentthenelisdes
one or nore conpound(s) selected froma group consisting of (El) an
oxi di zed pekyeided:-ene wax, (E2) a glycerin tri-fatty acid ester and
(E3) an 5 oxidized paraffin wax, and wherein said (E) nold rel easing
agent 15 contai nedl] rint Beosgnpasnin cofpdki@iomtirt enchowtPdthoy e semiconductor
i nclusive, and said (G chenmical compound is contained in the anount
of 0.01 wt %chopl int-Yadokylh i nclusive, in the total epoxy resin
conposition. 10 [0008] [2] The epoxy resin conposition for

encapsul ati ng the {(Asem eomrducesin;chi p as described in [1], wherein
said (G chemical conpound is presented by the foll ow ng general
formula (2): OH R8) Rlphef@)ic R&iR2

(C) a cure accelerator;
10 (D) an inorganic filler;
(E) a mold releasing agent;
(F) a silane coupling agent; and
(G) a chemical compound having aromatic ring that has hydroxyl
groups, each of which is bound to respective two or more adjacent
15 carbon atoms that composes said aromatic ring,
wherein at least one of said (A) epoxy resin and said (B)
phenolic resin contains a resin presented by the following general

formula (1):

X

(1)

20 (wherein plurality of R, which are same or different, represent
functional group(s) selected from a group consisting of hydrogen atom
and alkyl groups having one to four carbon(s); X represents glycidyl

ether group or hydroxyl group; and n represents an average value that



Rs 15 (wherein one of RL and R5 is hydroxyl group, and the other is
hydrogen atom hydroxyl group or substitubional group other than
hydr oxyl group, each of R2, R3 and R4 is independently hydrogen atom
hydr oxyl group or substitutional group other than hydroxyl group, or
R2 and R3, R3 and R4 are conbined to formaromatic ring). 20 [0009]
[3] The epoxy resin conposition for encapsul ating the sem conductor
chi p as desdribedsipivel ugrer] glthinhereingeself dreE)l 7ol 3 . rel easi ng
agent is (El) the oxidized polyethylene wax. 6 [0010] [4] The epoxy
resi n conpositi onviereirnssipgs UEatmiond tdieasswniageniddastbideshpe as more
described in [3], wherein a dropping point of said (El) oxidized
pol yet hyl enecmgounidgs wiseherted faoge ofodr ommsliGe1Bg dégriele entexitidged
degree C both inclusive. [0011] [5] The epoxy resin composition for
encapsul at i pglydibyleenivenndiiét oz giyrprias tdesotipedtidneft@r ard [(B}) an
wherein mean particle dianeter of said (El) oxidized polyethyl ene
wax i s Wit hioridizedngeradfil ey omm®0 pmto 70 pm both inclusive, and
content of the particles having particle dianeters of equal to or
| arger than 106 puhémeinhsaitcbot(B] noEH)relerstig edepoligetdnthened viaxthies amount
equal to or less than 0.1 Wt % [0012] [6] The epoxy resin conposition
f or encapsubdt 0y whe th51lserd povhluctbesivki parak sdes dE) bdwmicalawypmened is
of [3] to [5], wherein acid value of said (El) oxidized pol yethyl ene
wax i s withiconeeinedgen ¢hefagunt 16 Hg0KGHAgte d 50% gtk CGHldubiiteh in the
inclusive. [0013] [7] The epoxy resin conposition for encapsul ating
t he 20 sem ¢ohaluepoxy clespn azngesiiiocbed in any one of [3] to [6],
wher ei n

10 [0008]

[2] The epoxy resin composition for encapsulating the
semiconductor chip as described in [1], wherein said (G) chemical

compound is presented by the following general formula (2):

OoH -
Rs R4
(2)
R4 R2
R3
15 (wherein one of Rl and R5 is hydroxyl group, and the other is

hydrogen atom, hydroxyl group or substitutional group other than
hydroxyl group, each of R2, R3 and R4 is independently hydrcgen atom,
hydroxyl group or substitutional group other than hydroxyl group, or RZ2
and R3, R3 and R4 are combined to form aromatic ring).
20 [0009]
[3] The epoxy resin composition for encapsulating the
semiconductor chip as described in [1] or [2], wherein said (E} mold

releasing agent is (El1) the oxidized polyethylene wax.




nunber average nol ecul ar wei ght of said (El) oxidized pol yethyl ene
wax is within a range of from500 to 5,080 both inclusive. [0014]

[ 8] The epoxy resin conposition for encapsulating the 25

sem conductor chip as described in any one of [3] to [7], wherein
density of said (El) oxidized polyethylene wax is within a range of
fromO0.94 g/cnB to 1.03 g/cnB both inclusive. 7 [0015] [9] The epoxy
resi n conmposidoildoh for encapsul ating the sem conductor chip as
described in any one of [3] to [8], wherein said (El) oxidized

pol yet hyl ene wax i[d¢| Tdespone resimoreradicdet shorset@psetht3nfridm a
group consisting of: an oxide of a polyethyl ene wax produced via a

| ow pr essur esgpabymircizatdndp gy desssibednioBile whkraipel geidmrhe ninaxet
produced via a high pressure polynerization process; and an oxi de of
a high densdaig pril)yeghyilzedecqobyimgene[ @16 wikOif Hrafide ofpbxyn A88I n
conposition for encapsulating the sem conductor chip as described in
[1] or PB2], deheeeith tsaldd (Eyrewldbotteliedsisnigeagent is (E2) a glycerin
tri-fatty acid ester. [0017] [11] The epoxy resin conposition for
encapsul ati ngpottihe 15 sem conductor chip as described in [10], wherein
a dropping point of said (E2) glycerin tri-fatty acid ester is

wi thin a range of (B dfhe/ @podegeein Cotposi2@on efpreend@pbotdtingcthesi ve.
[0018] [12] The epoxy resin conposition for encapsul ating the 20

sem conduct cremthépphasodesdpi dedesarik®q] iror{3f 144 ,[4Whetheraimpean particle
particle diameter of said (E2) glycerin tri-fatty acid ester is

wi thin a rangemeoér fofopaizD (P tteidegnpbbteihyheleusdx es anthicoat@nge off
the particles having particle dianeters of equal to or larger than
106 pmlon t higrom 20 pm to 70 pm both inclusive, and content of the particles having

particle diameters of equal to or larger than 106 pm in the total (El)
oxidized polyethylene wax is equal to or less than 0.1 wt%
[0012]
[6] The epoxy resin composition for encapsulating the
15 semiconductor chip as described in any one of [3] to [5], wherein acid
value of said (El) oxidized polyethylene wax is within a range of from
10 mg KOH/g to 50 mg KOH/g both inclusive.
[0013]
[7] The epoxy resin composition for encapsulating the
20 semiconductor chip as described in any one of [3] to [6]}, wherein
nunber average molecular weight of said (El) oxidized polyethylene wax
is within a range of from 500 to 5,000 both inclusive.
[0014]
[8] The epoxy resin composition for encapsulating the
25 semiconductor chip as described in any one of [3] to [7], wherein
density of said (El) oxidized polyethylene wax is within a range of

from 0.94 g/c® to 1.03 g/am® both inclusive.




total (E2) glycerin tri-fatty acid ester is equal to or less than 0.1
25 wto. [0019] [13] The epoxy resin conposition for encapsul ating the
8 sem conductor chip as described in any one of [10] to [12],

wherein acid value of said (E2) glycerin tri-fatty acid ester is
within a range of from10 ng KOH g to 50 ng KOH g both i ncl usive.
[0020] 5 [14] The epoxy resin conposition for encapsulating the

sem conduct dOOthi p as described in any one of [10] to [13], wherein
said (E2) glycerin tri-fatty acid ester is a tri-ester compound of

gl ycerin and sat urlal ethef eparyy aedich hepasgtiah tfor 3Bcepsbletiing dins.

[ 0021] 10 [15] The epoxy resin conposition for encapsulating the

seni conduct eenttirpluasordebty idsedesaripad ior ahipjonewher(él ntsdBd, (WEprept ¢gaid
rel easing agent is (E3) an oxidized paraffin wax. [0022] [16] The
epoxy resin (Edhposidi teh pbbyeterytaps what innjudde chd sembrordude tr) edlgrted
as described in [15], wherein softening point of said (E3) oxidized
paraf fi b waxrbs avidrbip cansistgegodt :f rone:ddederepoFethpl dR0wale grredud@d via
both inclusive. [0023] [17] The epoxy resin conposition for

encapsul at i rgloher28sssnpobymgud taricohprocass desic okimed of e [pbbyetdry 116 wax
wherein nmean particle dianeter of said (E3) oxidized paraffin wax is
wi t hin a ramgedafed rbma ROglpmressii@® poiwetrhzatohusioress arddconoande of a
the particles having particle dianmeters of equal to or larger than
106 pmin theghodesitpxicdiyeed lpee afflymemvax is equal to or |ess than
0.1 wt% 25 [0024] [18] The epoxy resin conposition for encapsul ating

t he (0016}

10 [10] The spoxy resin composition for encapsulating the
semiconductor chip as described in [1] or [2], wherein said (E} mold
releasing agent is (E2) a glycerin tri-fatty acid ester.

[0017]
[11] The epoxy resin composition for encapsulating the

15 semiconductor chip as described in [10], wherein a dropping point of
said (E2) glycerin tri-fatty acid ester is within a range of from 70
degree C to 120 degree C both inclusive.

(00181
[12] The epoxy resin composition for encapsulating the

20 semiconductor chip as described in [10] or [11], wherein mean particle
diameter of said (E2) glycerin tri-fatty acid ester is within a range
of from 20 um to 70 um both inclusive, and content of the particles
having particle diameters of equal to or larger than 106 pm in the
total (E2) glycerin tri-fatty acid ester is equal te or less than 0.1

25 wt%.

[0019]

[13] The epoxy resin composition for encapsulating the




sem conductor chip as described in any one of [15] to [17], wherein 9
aci.d value of said (E3) oxidized paraffinBwax is within a range of
from 10 ng KOH g to 50 ng KOH g both inclusive. [0025] [19] A
sem conduct or device, provided by encapsulating a 5 sem conduct or
chip with the epoxy resin conmposition for encapsulating the
sem conductor chip as described in any of [1] to [18]. [0026]
Accordi ng t eentmngnesenthimaesndesoribeh iepaxy onesin [Eohposiidleonwhemsin
encapsul ati ng a sem conductor chip having an inproved flowability,
10 an i npr owetd malde rdl eastdbl] idlycenim tnpriviéd sBquesittrals within a range
nol dability and the like, and also additionally having inproved
char act eri sbtf chroof 1& nac kel peoduoy KdRgeldth sochisasean i nproved
resistance to reflow soldering heat, a reduced water absorption and
the like, i40p2@vided, as well as providing a sem conductor device
that is formed by 15 encapsul ating a sem conductor chip with the
epoxy resin conpo§ldli Ohe epBESTr<DDECIRORs TARRYIMNG cOCHpSTHEC IdVENT | ON
[0027] 20 An epoxy resin conposition for encapsul ating a
sem conduct eemichilpciagconi ag desdrheepriesamt onavent(loh toobidHi, nshedwen
foll ow ng conponent (A) to conponent (G: (A) an epoxy resin; (B) a
phenol i c restind (E2b (I@Qremirttire-Gicel ariat esterq Dy anrirergancampbinhd ert;
(E) a nold releasing agent; 10 (F) a silane coupling agent; and (G
a chem cal gbypoundaitherngraiednEdtty adimgheviaty Adstchjdramipbn agoosips,
each of which is bound to respective two or nore adjacent

[0021]

10 [15] The epoxy resin composition for encapsulating the
semiconductor chip as described in [1] or [2], wherein said (E) mold
releasing agent is (E3) an oxidized paraffin wax.

[0022]
[16] The epoxy resin compesition for encapsulating the

15 semiconductor chip as descriked in [15], wherein softening point of
said (E3) oxidized paraffin wax is within a range of from 70 degree C
to 120 degree C both inclusive.

[0023]
f17] The epoxy resin composition for encapsulating the

20 semiconductor chip as described in [15] or [i6], wherein mean particle
diameter of said (E3) oxidized paraffin wax is within a range of from
20 pm to 70 pm both inclusive, and content of the particles having
particle diameters of equal to or larger than 106 pm in the total
oxidized paraffin wax is equal to or less than 0.1 wt%.

25 [0024]

[18] The epoxy resin composition for encapsulating the

semiconductor chip as described in any one of [15] to [17], wherein




carbon atons that conposes the aromatic ring. 5 [0028] Further, in

t he epoxy resin conposition for encapsul aing the seniconductor chip
of the present invention, the aforenentioned (A) epoxy resin and the
af orenenti oned (B) phenolic resin satisfy any of the requirenents

(i) to (iii) in the follow ng general forrmula (1): 10 (i) the
aforenentioned (A) epoxy resin contains an epoxy resin that has

gl yci dyl et heidgradup sepredeiBedodipi2ed panafhia f@ liowwighingenenge of from
formula (1); (ii) the aforementioned (B) phenolic resin contains a
phenol i c ré9img tEl g has Shydy 8R/g gprolupincépsissent ed by "X' in the

foll ow ng 15 general formula (1); and (iii) both of the
above-descri[béasr equirenents (i) and (ii) are satisfied, X RRRRX
OH RRRR (where, in the above-described general formula (1), a
plurality 20 of RLI9WAH ebnamedsawe devicef frogmtied bgpemseatlating a
functional group selected froma group consisting of hydrogen atom
and al kyl gmenpsondhavomghomerit-h freuepcar lwenis cpmpoaieper semt enaipgeiahing
et her group or hydroxyl group; and n represents an average val ue

that is a pasktsarecondintter aliiphas cescalige of dhyond 11§ otB)(18] 11

Further, the aforenentioned (E) nold rel easi ng agent includes one or
nore conpouri@089): sel ected froma group consisting of (El) an

oxi di zed pol yet hyl ene wax, (E2) a glycerin tri-fatty acid ester and
(E3) an oxidi zed pacafding waxhe Rnesher norventighorameptxomedif Epompodidibn
rel easing agent is contained in the amount of 0.01 wt%to 1 wt% both

i ncl usive, dod afmpentitingnedefiBrorchend &hip drpoundn smpovedi Nedabhlity,
the anount of 0.01 Mt%to 1 wm% both inclusive, in the total epoxy
resin 10 an improved mold-releaseability, an improved sequential meldability and

the like, and also additionally having improved characteristics of a
cured product thereof, such as an improved resistance to reflow
soldering heat, a reduced water absorption and the like, is provided,
as well as providing a semiconductor device that is formed by

15 encapsulating a semiconductor chip with the epoxy resin composition.

BEST MODE FOR CARRYING OUT THE INVENTION

[0027]

20 An epoxy resin composition for encapsulating a semiconductor
chip according to the present invention contains the following
component (A) to component (G):

(A) an epoxy resin;
{B) a phenolic resin;

25 (C) a cure accelerator;
(D) an inorganic fililer;

(E) a mold releasing agent;



conposition. [0029] 10 The epoxy resin conposition for encapsul ating
the sem conductor chip according to the ljgresent invention has the
above-described fornulation, so that the epoxy resin conposition has
an inproved flowability, an inproved nold-rel easeability, an
i nproved sequential noldability, which are critical factors for
conducting a process for 15 encapsul ating the sem conductor chip, and
additional ly, the (gpaxygileass rousknposgant@raritas i nproved
characteristics of a cured product thereof, such as an inproved
resistance to reflGw s aohderdaigedgaind shaveny cedmnamat ein@ldet flasohydmxyl
reduced stress, an inproved adhesiveness with a netallic nenber and
the like. 2Qyrbagsepaxy dfeshiticaspasinti on régpecncapswyl at inaget ddjacent
sem conductor chip according to the present invention (hereinafter,
referred to @gbof WSbns epRXYcHgdkas ahapasinbt on'ringi | | be described in
detail as follows. [0030] <(A) EPOXY RESIN> 25 The (A) epoxy resin
enpl oyed in fgoggpresent invention preferably contains an epoxy resin
that is represented by the following general formula (a), which is
equi val ent to the rabenea-, des cihebesh:genesial chpomit forl Zoxr (djcapsulating the
substituting "X" with glycidyl ether group: HGCHCHCCHCH 2 2 2
0 0 00 RR RR&idicEbl dhiH 4R)xhe RiBsBhR invéntienei thep blowdrichyi @fedR(A)
whi ch are same or different, represent a functional group selected
froma groupeapsiatinngndithbydioegamtabesd (B) aienal kylregimigasihigwiang df
to 4 carbon atons; and n represents an

the requirements (i) to {iii) in the following general formula (1):

10 (i) the aforementioned (A) epoxy resin contains an epoxy resin
that has glycidyl ether group represented by "X" in the following
general formula (1);

(ii) the aforementioned (B) phenolic resin contains a phenolic
resin that has hydroxyl group represented by "X" in the following

15 general formula (1); and

{1i1) both of the above-described requirements (i) and (ii) are

satisfied,

X R R R R X
@—E:Hz O O CH; @} Ho (1)
R R R R

n

(where, in the above-described general formula (1), a plurality
20 of R, which are same or different, represent a functional group
selected from a group consisting of hydrogen atom and alkyl groups
having one to four carbon(s); X represents glycidyl ether group or
hydroxyl group; and n represents an average value that is a positive

number within a range of from 1 to 3),



average value that is a positive nunber within a range of from1l to
3). In the general fornmula (a), it is norle preferable that each of a
plurality of Ris hydrogen atom [0031] 10 The epoxy resin
represented by the above-described general forrmula (a) is
hydr ophobi ¢ structure-rich in resin nol ecul ar skeleton. Therefore,
the cured product obtained fromthe epoxy resin conposition
cont ai ni ng such epexgheresihe axvisfensidnedefEwaptd rgbsaripyi agents onglhges
a generation of higher stress due to a vaporization of water during
a 15 sol der ornefénworarcospoynsHsbi sdgctelifrhera gspue eoderdiing ot (Bhloseo-
| i nkages in the cured product is lower so that coefficient of
el asticity axidizednpelatbykerehat=,i dEAbta Kdvesrinhbri-daginesid reshst tangn
tenperature is lower, thermal stress generated during a sol der
processi ng (&3} educetizedspdraifign ivaxpr dwirdhergoan, iarprovendiers) dEhnsad
to 20 reflow soldering heat. [0032] In the present invention, other
type of Sepoxglessing amythes caddkiregnah | reeapioged WnPeggsahe 1 wts both
advant ageous effect obtainable by 13 enploying the epoxy resin
r epr esent ed ibyludigeabove atesvenbediedef@r ahenifoad nedrgpopdd lisscorgraihedtin the
O her type of epoxy resins may typically include, for exanple:
phenol novoleacuttypd edixyts 69 hsytichedsdnchesiokacin thpetadpbxgporgsianin
bi phenyl type epoxy resins; bisphenol type epoxy 5 resins; stilbene
type epoxy rcemposititni phenol met hane type epoxy resins; phenol
aral kyl (i ncluding phenyl ene-skel eton) type epoxy resins; naphthol
type epoxy rl@%E%s; al kyl -nodified triphenol net hane type epoxy
resins; triazine core-containing epoxy resins; dicyclopenta diene-
nmodi fi @d phenol t {be appsxyrasési empositive Fokencapmloting thy menggonductor
epoxy 10 resin may be enployed alone, or in a formof a conbination
t hereof. [ GD3B]acmhcringn tegdiey pressnh divanheon hed ethie sbevepddseribhedal
formula (a

(a) formulation, so that the epoxy resin composition has an improved

flowability, an improved moid-releaseability, an improved sequential
moldability, which are critical factors for conducting a process for

15 encapsulating the semiconductor chip, and additionally, the epoxy resin
composition has improved characteristics of a cured product thereof,
such‘as an improved resistance to reflow soldering heat, a reduced
water absorption, a reduced stress, an improved adhesiveness with a
metallic member and the like.

20 The epoxy resin composition for encapsulating the semiconductor
chip according to the present invention (hereinafter, referred to as
just "epoxy resin composition") will be described in detail as follows.
[0030]
<({A) EPCXY RESIN>

25 The (A) epoxy resin employed in the present invention preferably
contains an epoxy resin that is represented by the following general

formula (a), which is equivalent to the above-described general formula




is not enployed for the above-described (A) epoxy resin, the above-
descri bed other type of epoxy resins may &l ternatively be enpl oyed.
In 15 addition, when the epoxy resin of the above-descri bed general
formula (a) is not enployed, it is preferable to enploy a phenolic
resin represented by a general formula (b), which will be discussed
| ater, for the above-described (B) phenolic resin. [0034] 20 <(B)
PHENOL| C RESLN-asTlseb{B)tuphan Ok cwirtds ghydidsat dtdesngiocoped in the
present invention preferably contains a phenolic resin that is
represented by cthey-#pl | owi ng general fornul %@b.)@H.vmj chis

equi val ent to iihe above- described general fortul a¢1} as

substituting "X wi@h hydroxyl ar 14 OH Of RR/ / H( b R
R R R (wherein|plunalit . dre same qr dilffferent, represent
a functional graup|sele S oup consksting of hydrogen atom
and al kyl grg navjHag 4 z ; resfegt)s an 5
aver age val ue isfa wuntgér  wilt hi nge of from1l to
3). In the general formira {b), i's nore prefergble that each of a
plurality of Ris hydroBen attom R[003% The phenol

€ resin
represented by the above-described general 10 fornmula (b) is in a
hydr ophobi ¢ st r uct(uherainchlweddiy iocdnRi whiesiare soiseoul d¥ffskeltet vppresent
Therefore, the cured product obtained fromthe epoxy resin
conposi ti on xdnha@iionay swoh PHenodd Cremsi grexhichnssstliowert hydregen atom
absorption, so that a generation of higher stress due to a
vapor i zat i orerof allatieprasi hgviagsdl wed cafdoovatsaw: bend nhidnnesgnts an
Further, 15 since density of cross-I|inkages contained in nolecul ar of
t he cured average value that is a positive number within a range of from 1 to 3).
In the general formula (a), it is mcre preferable that each of a
plurality of R is hydrogen atom.
[0031]
10 The epoxy resin represented by the above-described general
formula (a) is hydrophobic structure-rich in resin molecular skeleton.
Therefore, the cured product obtained from the epoxy resin composition
containing such epoxy resin exhibits lower water absorption, so that a
generation of higher stress due to a vaporization of water during a
15 solder reflow can be inhibited. Further, since density of cross-
linkages in the cured product is lower so that coefficient of
elasticity at a temperature that is not lower than & glass-transition
temperature is lower, thermal stress generated during a solder
processing is reduced, resulting in providing an improved resistance to
20 refiow soldering heat.
[0032]

In the present invention, other type of epoxy resin may be

additionally employed unless an advantageous effect obtainable by




product is |ower so that coefficient of elasticity is |lower at a
tenperature of not |lower than a glass-tradsition tenperature, thernal
stress generated during a solder processing is reduced, resulting in
provi ding an i nproved resistance to refl ow sol dering heat. 20 [0036]

In the present invention, other type of phenolic resin may be
additional ly enpl oyed unl ess an advant ageous effect obtainable by

enpl oyi ng t kbepphdngl the epsin resby esprasedtey yhehalsooeedieseridsddgeneral
general fornula (b) is not lost. The other type of phenolic resins

may 15 typitoatula i(hclisdest flost ex &fipte typherfokboiy shabny a8y ypically
creosol novolac resins; triphenol nethane resins; terpene-nodified
phenol i ¢ reshabyde, dfcy ckepels: apltinon enoned € | tatpeprierryl Fesingsi ersosphawgblac
aral kyl resins (including phenyl ene skel eton); naphthol aral kyl

resi ns and thee lddogy HsThe; dtibeenitly peceotpphie nebinsr bssphamay thase epoxy
enpl oyed alone, or in a formof a conbination thereof. [0037] Wen a
phenol i & resknindf; sheliabeverdespriybeesigenetrzwiphinrimgitharcd type $ragy resins;
enpl oyed for the above-described (B) phenolic resin, the above- 10
descri bed otchemnol ypellofl pheroting rbshyenraskedletenndlyby etopperesins;

enpl oyed. I n addition, when the phenolic resin of the above-described
general fomaphihqlb)yiss cpoty ewphoyed] kyltmpdifiedf erigbbrolmetbins Syparepoxry
epoxy resin represented by a general fornmula (a) as the

above- descr irbeth{;Arrgpaxy comstontalsifjdedsky Egaival dacyelapeotaotiiepoxy
groups contained in the total epoxy resins enployed in the present

i nvent i on amddpfiesobhendiy tymsx ghoxy eapiisoratte phkdol The rabensyvaychepoxy
preferably within a range of from0.5 to 2 both inclusive, and nore
preferably wesh: may pargelofed abme). Irtio &. BrR00hHct lrcilpiglagdpy dheyrdn
the properties of the epoxy resin conposition are wthin the

above- descri[béd3F anges, the epoxy resin conmposition has an

When an epoxy resin of the above-described general formula (a)
is not employed for the above-described (A) epoxy resin, the above-
described cother type of epoxy resins may alternatively be employed. In

15 addition, when the epoxy resin of the above-described general formula
(a) is not emploved, it is preferable to employ a phenolic resin
represented by a general formula (b), which will be discussed later,
for the above-described (B) phenolic resin.

[0034]

20 <(B) PHENOLIC RESIN>

The (B) phenolic resin that is employed in the present invention
preferably contains a phenolic resin that is represented by the
following general formula (b}, which is equivalent to the above-

described general formula (1) as substituting "X" with hydroxyl group:



i nproved cure-ability, and the cured product obtained fromthe
conposition has an inproved noi sture resildtance. [0039] 25 <(C) CURE
ACCELERATOR> Chem cal conpounds that are capable of being used for
catal ysts of cross-linking reaction between epoxy resin and phenolic
resin may be 16 enployed for the (C) cure accelerator for the
present invention. The (C) cure accelerators may typically include,
for exanple: apgne conpounds such as tributggl am ne,

1, 8-di azabi cycl o- (|5, 4,R0) - uikdec8ne- 7R and the| | i Be; organi c phosphorus

conmpounds such’sas trip et j 3 nyl phosphoni um
tetraphenyl @ @nd @’ 70l €

nds; ,such as
2-methyl im ahd intended to limt
to these conpoundsd. enpl oyed al one, or
in a formof a conbinafi on RheReof . RE0040] 10 <¢D) | NORGANI C FI LLER>
The (D) inorganic f| | I er enployed in the present invention may
typi cal ly incl udewhereiaxanpheitf oseRl, shicktarecsast at |difgesiriti, cegpresent
alumina, silicon nitride, alumnumnitride and the |ike. Wen
particul arl v hingheend Dagbag seflettel fnor gaproud cbhsistisg iaft bydiedenigton
is 15 preferable to enploy fused silica. [0041] Wile either of
crushed f or mnarasphegicak Horimyof tudechrdbbhiaams meydbe Eppeosrad, ant
is preferable to mainly enploy spherical fused silica, in order to
i ncrease t hevkidderaloadhay iof afusadise mobeand 2 suppaessf afrom 1 to 3).
increase of nelt viscosity of the epoxy resin conmposition. In order
to further enhaneechhenlf ifbirerlal dadi ny of nephametataldil tlod, epeh cfsa
preferable to adjust spherical silica to have broader particle size
di stributi omlup@0i4%] of R is hydrogen atom.

[0035]
The phenolic resin represented by the above-described general
10 formula (b) is in a hydrophobic structure-rich condition in resin
molecular skeleton. Therefore, the cured product obtained from the
epoxy resin composition containing such phenolic resin exhibits lower
water absorption, so that a generation of higher stress due to a
vaporization of water during a solder reflow can be inhibited. Further,
15 since density of cross—linkages contained in molecular of the cured
product is lower so that coefficient of elasticity is lower at a
temperature of not lower than a glass-transition temperature, thermmal
stress generated during a solder processing is reduced, resulting in
providing an improved resistance to reflow soldering heat.
20 [0036]
In the present invention, other type of phenolic resin may be
additionally employed unless an advantageous effect obtainable by
employing the phenclic resin represented by the above-described general

formula (b} is not lost. The other type of phenolic resins may



25 <(E) MOLD RELEASI NG AGENT> The (E) nold rel easi ng agent enpl oyed
in the present invention may typically ithclude, for exanple: (El)
oxi di zed pol yet hyl ene wax; 17 (E2) glycerin tri-fatty acid ester;
and (E3) oxidized paraffin wax. The nold rel easing agent nay be
enpl oyed alone, or in a formof a conbination thereof. The nold
rel easing agent will be described in sequence as follows. 5 [0043]
((El') OXI DI zZ@&EbROLYETHYLENE T exagphee phérol( BEbyolexi tided: pulepethyleakac
wax generally has polar group conposed of carboxylic acid or the
| i ke and nongsirsr griphpnolkethasedesind;ohgaeneandsbdiehaibanobgl agsigseoup
is oriented in the side of 10 the cured product of the resin and
i nversely, dbnpdbgenigr dignd-sodioriednpreshollinc tdeeissdehefolt heahtiabesioid,
in the process for nolding, thereby exhibiting a function of a nold
rel easi ng agemtludiphEnitemecoitlentn)of nextidioz earaddlyV etdsyhe mmdnkle ilike.
the (El) epoxy resin 15 conposition may be within a range of from
0. 01 wt%% t 0The Wt¥ebdtyipe dheheasdiMe, rawich paefrer albloyved tdlionea grangea gbrm of
from0.03 wt%to 0.5 % both inclusive. The content of oxidized
pol yet hyl ene wagkinstivnntihdmeofabove- descri bed range provi des an
i nproved nol d-rel easeability of the cured product fromthe netal
nol d. Furt héd)3’§uch content of the wax 20 provides an inproved
adhesi veness with a |l ead frame nmenber, so that a separation of the
cured product frosdrhe peadlic amsimenbéne ciovbedescntiidol yecktian fdmula (o)
sol der processing. In addition, stain on the netal nold and/or
degr adat i onismappesigrdefaf théaboueethsprochictiBe avsedlimresite hid dibnge-
process can be reduced. 25 [0045] The (El) oxidized pol yet hyl ene
waxes t¥pi cabsgribndlatter wypeori dienoiia rpeingenhy |adternwid vplw decetb vived.
a |l ow pressure polynerization

In addition, when the phenolic resin of the above-described general

formula (b} is not employed, it is preferable to employ an epoxy resin
represented by a general formula (a) as the above-described (A) epoxy
resin.
15 (0038}
Equivalent ratio of epoxy groups contained in the total epoxy
resins employed in the present invention and phenolic hydroxyl group in
all phenolic resins may be preferably within a range of from 0.5 to 2
both inclusive, and more preferably within a range of from 0.7 to 1.5
20 both inclusive. When the properties of the epoxy resin composition are
within the above-described ranges, the epoxy resin composition has an
improved cure-ability, and the cured product obtained from the
composition has an improved moisture resistance.
[0039]
25 <{C) CURE ACCELERATOR>
Chemical compounds that are capable of being used for catalysts

of cross-linking reaction between spoxy resin and phenolic resin may be



18 process; an oxide of a polyethyl ene wax produced via a high
pressure pol ynerization process; and anléxi de of high density
pol yet hyl ene pol yner. Anong these, high density pol yethyl ene pol yner
may be nore preferably enployed. The oxi di zed pol yet hyl ene wax nmay
be enmpl oyed 5 alone, or in a formof a conbination thereof. [0046]
The follow ng characteristics of the (El) oxidized polyethyl ene wax,
whi ch are: ghpldyedr &ppithg [Bi ntre tceratdr feal thee pras) huvayeron. The
average nol ecul ar weight; (1-4) density; (1-5) nean particle
di anet er; 1l0Canthrgla®elevatmst maf tppitdldyemndiadéndon efiampbe eranphe not
smal l er than 106 pm w | be described in sequence. [0047] (1-1)
Dr oppi ng Poicntpdinels dswyppeagempbititl efiinche 1( Hdiapxbidivebe- (ol y@t-tupHesane—7
wax is 15 within a range of from 100 degree C to 140 degree C both
i ncl usi ve, and ther éiksablyaniict Phasphoramgempfuntis osnchl8s degpeenytohespbdoe,
degree C both inclusive. The dropping point can be neasured by the
met hod $n a&etoagdengiohwisthorASTIM Dl 2pherGinbeettel 3nd ithei kikgpastidados a
tenperature when the nelting wax drops froma netallic nipple first.
In the 20 f abinowirng sxdnpbedmethyli sSmpdezeilbl anct thergdsear echiotiglpyitais not
simlar nethod. [0048] The dropping point within the above-descri bed
range provi desemied topriovedca heesmlcospaibidbi t Yhef cudeeatE prafimimae de
pol yet hyl ene wax, thereby preventing a burn-in of the (El) oxidized
pol yet hyl enempboysdnaRset, her nol di figmprbeessrbiTheiat dheredn i nproved
nol d-rel easeability of the cured product fromnetal nold is
presented, d90%&l | as providing an inproved sequential noldability.
Further, the dropping point within 19 the above-described range al so
provi dé8 sukf(DLiBORGARIC FRGLER> t he (El) oxidi zed pol yet hyl ene wax in
the process for curing the epoxy resin

The (D) inorganic filler employed in the present invention may

typically include, for example, fused silica, crystalline silica,

alumina, silicon nitride, aluminum nitride and the like. When

particularly higher loading of the inorganic filler is intended, it is
15 preferable to employ fused silica.

[0041]

While either of crushed form or spherical form of fused silica
may be employed, it is preferable to mainly employ spherical fused
silica, in order to increase the filler-ioading of fused silica and

20 suppress an increase of melt viscosity of the epoxy resin composition.
In order to further enhance the filler-loading of spherical silica, it
is preferable to adjust spherical silica to have broader particle size
distribution.

[0042]

25 <(E) MCLD RELEASTNG AGENT>

The (E) mold releasing agent employed in the present invention

may typically include, for example: (El) oxidized polyethylene wax;



conposition. This provides substantially uniformdispersion of the
oxi di zed pol yet hyl ene wax in the cured prioduct. 5 Therefore, a
segregation of the (El) oxidized pol yethyl ene wax on the surface of
the cured product can be inhibited, thereby reducing the stain on
the netal nold and the degradation in the appearance of the cured
product. [0049] 10 (1-2) Acid Value The acid value of the (El)

oxi di zed pol 8t hylyereimdx ittt &tin astemnged dE3f ravdigechyakdiyig wax-
50 ng KOH/ g both inclusive, and preferably wthin a range of from 15
mg KOH g to ™8 myldKeklgpshoy hedenc|nmsi be. erfhevedheilonasabyeln @ form of a
influential in the conpatibility in the cured product. 15 Concretely,
it Is nmeasureedbasmtdonuriieerobf mlligranms of potassium hydroxides
that require to neutralize the unesterified fatty acid in the wax
1g. In the ikl owichgebeript esjenttwild poskisbldadoimemsuercd asbiollaws.
simlar nethod. [0050] 20 The acid value within the above-descri bed
range pBovi dg94a] preferable conpatibility of the (El) oxidized

pol yet hyl ene wax with the epoxy resin matrix in the cured product.
Thi s prevent 8(Ed) plxa®eZERD eparkrtivoiNDWAKhe (El ) oxi di zed pol yet hyl ene
wax fromthe epoxy resin matrix. Therefore, a segregation of the
(El) oxidized pol pehtyltkre (Max c25ieadt trg yetinflape wfx pheeradiedasr poliat
is inhibited, thereby reducing the stain on the netal nold and the
degr adat i on gmoup hevrappehcdncartokyt e actdired tipr ddise tand20ongades igroup
Further, the presence of the (El) oxidized polyethyl ene wax on the
surface of tdmmposgddfpladectcabouidednarpdlapranced hplogiented in the side of
rel easeability of the cured product fromthe nmetal nold. S On the
contrarly, exdessiwel privugtiect chepagdipi hnd yinpéricie, (EnpobXi dirgerl is

oriented in the side of the metal mold, in the process for molding,
thereby exhibiting a function of a mold releasing agent.
[0044]
The content of oxidized polyethylene wax in the (El) epoxy resin
15 composition may be within a range of from 0.01 wt% to 1 wt% both
inclusive, and preferably within a range of from 0.03 wt% to 0.5 wt%
both inclusive. The content of oxidized polyethylene wax within the
above-described range provides an improved mold-releaseability of the
cured product from the metal mold. Further, such content of the wax
20 provides an improved adhesiveness with a lead frame member, so that a
separation of the cured product from the lead frame member can be
inhibited in the solder processing. In addition, stain on the metal
mold and/or degradation in appearance of the cured product caused in
the molding process can be reduced.
25 [0045]
The (E1) oxidized polyethylene waxes typically include: an oxide

of a polyethylene wax produced via a low pressure polymerization



pol yet hyl ene wax with the epoxy resin matrix may prevent the (El)
oxi di zed pol yet hyl ene wax from|leak on tRé surface of the cured
product, resulting in insufficient nold-releaseability. [0052] 10
(1-3) Nunber Average Ml ecul ar Wi ght The nunber average nol ecul ar
wei ght of the (El) oxidized polyethylene wax is within a range of
from500 to 5,000 both inclusive, and preferably within a range of
from 1, 000 poockseOCrrbexidd of| agiolgethiene %m@?{lcﬁchéfiﬁuﬁﬁéﬁhawségé‘a
nol ecul ar wei ght can be cal cul ated by 15 the pol ystyrene conversion
usi ng GPC apphrerizatsgo omsebCagd2dn opade fadc highedensi tVopelyethylene
Corporation. In the follow ng exanples, it is possible to neasure it
by a si m | apclwenodimohg058iseT hel ghuddreri taverlygehishe denlynenaiaghpe more
wi thin the above-described- 20 range provides a preferable affinity
state of therdfErpbbxictipkaedd. pdTheethidiend malyvelhylene Heaxepax oer expipyed
matri x. Therefore, the cured product exhibits an inproved
mol d- r €b easehbid, i by fr enfddreofret abmimglagion Qherdef.contrary,
excessively higher affinity of the (El) oxidized polyethylene wax
with the epdt@ialesin matri x may cause insufficient 25
nol d-rel easeability. Inversely, excessively lower affinity may cause
a phase separati ofhe fohbmiby gemectgiisgict aifnsheonEi heoxidizgd polygthrtene
a degradation in the 21 appearance of the cured product of the
resin. [0064%, @bid) =Densiiy}) Teopgénsipopnof (Lhe) (LY wdiug z@d3) number
pol yethyl ene wax is within a 5 range of fromO0.94 g/cnB8 to 1.03
g/ cn8 bot h Enetagsi nelecahaprefiehabl (-4 widehfitva (arigenedn Promalegdiameter;
g/cnB to 0.99 g/cn3 both inclusive. The density can be cal cul ated by
measuribhg vahdie/lat) 200tent tdfepfttdaias iferingnet Hodnater el optaingd Loy tthan
ASTM D1505. In the followi ng exanples, it is

106 pm, will be described in sequence.

[0047]
(1-1) Dropping Point
The dropping point of the (El) oxidized polyethylene wax is

15 within a range of from 100 degree C to 140 degree C both inclusive, and
preferably within a range of from 110 degree C to 130 degree C both
inclusive. The dropping point can be measured by the method in
accordance with ASTM D127. Concretely, it is measured as a temperature
when the melting wax drops from a metallic nipple first. In the

20 following examples, it is possible to measure it by a similar method.
[0048]

The dropping point within the above-described range provides an
improved thermal stability of the (El) oxidized polyethylene wax,
thereby preventing a burn-in of the (El) oxidized polyethylene wax in

25 the molding process. Therefore, an improved mold-releaseability of the
cured product from metal mold is presented, as well as providing an

improved sequential moldability. Further, the dropping point within



possible to neasure it by a simlar nethod. 10 [0055] The density
within the above-described range provi des®n inproved thernal
stability of the (ElI) oxidized polyethylene wax, thereby preventing

a burn-in of the (El) oxidized polyethylene wax in the nol ding
process. Therefore, an inproved nold-rel easeability of the 15 cured
product fromnetal nold is presented, as well as providing an

i nproved sedhenttiae-gedatabed irepge RSP eoyidere syekisliept wielhing thethe (E1)
above-descri bed range provides sufficient nmelting of the (El)

oxi di zed pokyétded pokyerhxléne wvire ipr theggotens oy imvglnhdhepeparyr 8e3n
conposition. This provides substantially uniformdispersion of the
(El) oxidi zedn2@sigabyet Ahienmsontdes aubdiancinldy priddustdispresidopt, the
segregation of the (El) oxidized polyethylene wax on the surface of
the cured praddtieccanlydybylers béx dd, thdhersdy preducii-ng the stain on
the netal nold and the degradation in the appearance of the cured
product S [ 0056}ef@R®, (4d-BprieanoParit itbé e(ED) arridéred rolpednylpae tWag| @ the
dianeter is within a range of from20 pmto 70 sn both inclusive,

and pr ef er alsuyfagd bifntle cangk popddatonad Gepimitidig@d.piherebyboedicing the

i nclusive. For exanple, the nmean particle dianeter is neasured by

usi ng | aser sttbff racthemepat ticdHears] zbe atmgirgdariosuigh the SAEBFOB00L the
manuf act ured by Shimadzu Corporation. It is possible to nmeasure 50%
particle di ameteércrodutthe wei ght standard as nmean particle dianeter by
5 using water as solvent. In the follow ng exanples, it is possible

to neasure [i004By a simlar nethod. [0057] The mean particle dianmeter
wi thin the above-described range provides a preferable conpatibility
of thelQEl) GxRdizxed Yoluet hyl ene 10 wax with the epoxy resin matrix
in the cured product. This provides a presence of the (El) oxidized
pol yet hyl ene wax Ghetdmddsualugcef dgfhet Kll) oxidized polyethylene wax is within a

range of from 10 mg KOH/g to 50 mg KOH/g both inclusive, and preferably
within a range of from 15 mg KOH/g to 40 mg KOH/g boﬁh inclugsive. The
acid value is influential in the compatibility in the cured preduct.

15 Concretely, it is measured as a number of milligrams of potassium
hydroxides that require to neutralize the unesterified fatty acid in
the wax 1lg. In the following examples, it is possible to measure it by
a similar method.

[0050]

20 The acid value within the above-described range provides a
preferable compatibility of the (El) oxidized polyethylene wax with the
epoxy resin matrix in the cured product. This prevents a phase
separation of the (Fl) oxidized polyethylene wax from the epoxy resin
matrix. Therefore, a segregation of the (El) oxidized polyethylene wax

25 on the surface of the cured product is inhibited, thereby reducing the
stain on the metal mold and the degradation in the appearance of the

cured product.



cured product, thereby providing an inproved nol d-rel easeability of
the cured product fromthe netal nold. @i the contrary, excessively
hi gher conpatibility thereof wth the 15 epoxy resin matrix may
prevent the wax fromleak on the surface of the cured product,
resulting in insufficient nold-rel easeability. [0058] Further, since
the (El') oxidized polyethylene wax is in a state of a preferable
conpati bi I i {§05#]t h the epoxy resin matrix, 20 a segregation of the
(El') oxidized pol yethyl ene wax on the surface of the cured product
can be i nhi bit ed, Futteeebytheedtrsienge tdfetist aiEh) orxitdheed pelpdthybvéne aag on
the degradation in the appearance of the cured product. [0059]
Fur t her nor ethd e ofatitd clieedipaodtcr pyitidea arhempbpied- n@lsl-
descri bed range provides sufficient nelting of the (El) oxidized
pol yet hyl enecivmecilni tihe pf dbessadedr pouiuchgfrohetisporiak asila.
conposition. Therefore, the resultant epoxy resin conposition has an
i nprovesl 23onflrewatitlzdaty, d0668jvely lhigheComrpatiwfliParafi thesEHavdigized
D ameter of Not Smaller Than 106 pm The content of particles having
a di amet er pblywthysersd kWex wilthntle &€060pmesin mherisomay mfevehle thil JE1)
oxi di zed pol yet hyl ene wax may be preferably equal to or |ower than
0.1 W % FopxaXiamyl pylyehhglapenvanttron sleakaguricbd hyfase g thss canehirgoduct,
sieve with screen size of 106pmin accordance with JIS Z 8801. In
t he fol |l ow mgsExanpligs instffiisipussoblieeleasambatinw it by a simlar
met hod. 10 [0061] The above-descri bed content provides substantially
uni form di gpesdi on of the (El) oxidized pol yet hyl ene wax, thereby
reducing stain on the nmetal nold and degradation in the appearance
of thel@uredi-Pr dduotr AFerddeerolesudhr denglint provi des sufficient
melting of the

The number average molecular weight of the (Fl) oxidized

polyethylene wax is within a range of from 500 to 5,000 both inclusive,

and preferably within a range of from 1,000 to 4,000 both inclusive.

For example, the number average molecular weight can be calculated by
15 the polystyrene conversion using GPC apparatussuch as HLC-8120

manufactured by Tosch Corporation. In the following examples, it is

possible fto measure it by a similar method.

[0053]

The number average molecular weight within the above-described

20 range provides a preferable affinity state of the (El) oxidized

polyethylene wax with the epoxy resin matrix. Therefore, the cured

product exhibits an improved mold-releaseability from the metal mold.

On the contrary, excessively higher affinity of the (El} oxidized

polyethylene wax with the epoxy resin matrix may cause insufficient
25 mold-releasesbility.

Inversely, excessively lower affinity may cause a phase separatiocn,

thereby generating stains on the metal mold and a degradation in the



15 oxi di zed pol yethylene wax in the process for curing the epoxy
resin conposition, thereby providing anZ4lmproved flowability. [0062]
In the present inventlon other type of nold rel easi ng agent may be
additionally enpl oyed unl ess an advant ageous effect obtainable by 20
enpl oying the (El) oxidized polyethylene wax is not [ost. Qher type
of nold rel easing agents may typically include, for exanple: natural
waxes such asrezanasbef why awedtinredirkef el neetml salts of hi gher
fatty acids such as zinc stearate and the like. [0063] 25 ((E2)
GLYCERI N TRI[OFAMIITY ACI D ESTER) The (E2) glycerin tri-fatty acid ester
is atriester that can be obtained fromglycerin and a saturated
fatty acid. (Thé Jeaseice of the 24 (E2) glycerin tri-fatty acid
ester in the epoxy resin conposition provides nuch inproved

mol d-r el easeabi | | e genshey edirdee gEbHwtdigist apheedhileow vie 1s within a
conposition. On the contrary, |n t he case of enpl oyi ng a nonoest er
or a di st eraofe gify€emi . &‘hd;/amsapul&%d/mtbqﬁ%lmhl@l‘f%& @pi ptafecably
resi stance of the cured product obtai ned fromthe _epoxy resin
conposi t i onviishireducee diefron Qb7 af fwehe d.9P i dryh ingtesdye. The
remai ned therein, undesirably resulting in harnful effects in the
resi st ance tdansﬁfy own s@l deldulgtadaty. nf@i64hg vEQu fet 2oht éntthef fidwation
(E2) glycerin tri-fatty acid ester in the epoxy resin conposition is
within a ramgehad ifr amagdeicamdsh ASIMWZ05holrh thacdladdowiey axminples, it is
preferably within a range of from0.03 wt%to 0.5 w % both

i ncl usi ve. Thesudmt entmegbuyg yitepy @ siiifaat rgthedi d ester within the
above-descri bed range provides an inproved nold 15 rel easeability of
the cuied prl@8bet fromthe metal nold. Further, such content

provi des an inproved adhesiveness with a | ead frarre menber, such

t hat separation offhefensirewiphoddbe dhysrdgrsrileed rRRgABTABHISST 2N

improved thermal stability of the (El) oxidized polyethylene wax,
thereby preventing a burn-in of the (El) oxidized polyethylene wax in
the molding process. Therefore, an improved mold-releaseability of the

15 cured product from metal mold is presented, as well as providing an
improved sequential moldability. Further, the density within the
above-described range provides sufficient melting of the (El} oxidized
polyethylene wax in the process for curing the epoxy resin composition.
This provides substantially uniform dispersion of the (El) oxidized

20 polyethylene wax in the cured product. Therefore, a segregation of the
(E1) oxidized pclyethylene wax on the surface of the cured product can
be inhibited, thereby reducing the stain on the metal mold and the
degradation in the appearance of the cured product.
[0056]

25 (1-5) Mean Particle Diameter

The mean particle diameter is within a range of from 20 pm to 70

um both inclusive, and preferably within a range of from 30 um to 60 um



can be inhibited in the sol der processi n%. In addition, stain on the
metal nold and degradation in the appear&@dce 20 of the cured product
can be reduced. [0065] The (E2) glycerin tri-fatty acid esters
typically include, for exanple: glycerin tri-caproic acid ester;
glycerin tri-caprylic acid ester; glycerin tri-capric acid ester;
glycerin trilaurin acid ester; 25 glycerin tri-nyristic acid ester;
gl ycerin trbpalt dincilusizei d Est examplg) yigwr npant Prristdgr famgEry iespegsured by
glycerin tri-arachic acid ester; glycerin tri-behenic acid ester;
gl ycerin triusingieser iddfaraatios pagsiele giye anphyaay sedr @i eRlati/do0
ester; glycerin tri-nmontanic acid ester; glycerin tri-nelissic acid
ester and t Wengfacsurathevgfliycaden Corppratapny d&i &5 @spaibleao measure 50%
enpl oyed alone, or in a formof a conbination thereof. 5 [0066]
Among t hese pagtider fianteter fat the asiidhlestendayid gf yecani prrndle sheuetarely
fatty acid having 24 to 36 carbon atons nmay be preferably enployed,
in viewbof pedng dichgr & Bapreoved itk el dawiecabitanpyeand tabs Hosproleedio
appear ance of the nol ded product. Furthernore, glycerin tri 10
nmont ani ¢ acindassteeit Ny absimidee patéper ably enpl oyed. In the present
i nvention, nunber of carbon atons of saturated fatty acid is sum of
nunber of cdPBohl atons in al kyl group and in carboxyl group of
saturated fatty acid. [0067] 15 The follow ng characteristics of the
(E2) glycerin tri Thatmepn paitdchkstdépretsyi ghthdnethyq 2boyewieoppiasg poidst ;
(2-2) acid value; (2-3) nean particle dianmeter; and (2-4) content of
particl es havpnifes adizaferarleotommetiBiveltiyeet tthan (El06opigizaH| pollygthylene
described in sequence. [0068] 20 (2-1) Dropping Point

10 wax with the epoxy resin matrix in the cured product. This provides a

presence of the (El) oxidized polyethylene wax on the surface of the
cured product, thereby providing an improved mold-releaseability of the
cured product from the metal mold.

On the contrary, excessively higher compatibility thereof with the

i5 epoxy resin matrix may prevent the wax from leak on the surface of the

cured product, resulting in insufficient mold-releaseability.
[0058]

Further, since the (El) oxidized polyethylene wax is in a state
of a preferable compatibility with the epoxy resin matrix,

20 a segregation of the (El) oxidized polyethylene wax on the surface of
the cured product can be inhibited, thereby reducing the stain on the
metal mold and the degradation in the appearance of the cured product.
[0059]

Furthermore, the mean particle diameter within the above-

25 described range provides sufficient melting of the (El) oxidized

polyethylene wax in the process for curing the epoxy resin ccmposition.

Therefore, the resultant epoxy resin composition has an improved



The dropping point of the (E2) glycerin tri-fatty acid ester is
preferably within a range of from 70 degkée C to 120 degree C both

i nclusive, and nore preferably within a range of from 80 degree Cto
110 degree C both inclusive. 25 [0069] The dropping point within the
above-descri bed range provides an inproved thermal stability of the
(E2) glycerin tri-fatty acid ester, 26 thereby preventing a burn-in
of the (E2) fgdwabeditytri-fatty acid ester in the nolding process.
Therefore, an inproved nol d-rel easeability of the cured product from
a netal nol dof&Dipresented, as well as providing an inproved
sequential noldability. Further, the dropping point within 5 the
above- descri{besl CangstppdViadesclast Hacingnd Drehetery off Nathémg EZr Than 106 um
glycerin tri-fatty acid ester in the process for curing the epoxy
resin conpositi ofhe Tonserpr ofi mesisidss hawiricak| giameténomn dits paasiam tioin
the (E2) glycerin tri-fatty acid ester in the cured product.

Theref obe, al06seghiegdatd ootaf of hehe( ER)) gkyderadnptlviethatany aet dagdber

on the surface of 10 the cured product can be inhibited, thereby
reduci ng st arefambihegrel ato omolabeanthate§r hdati orfornexdmplapidas ampgent
of the cured product. [0070] (2-2) Acid Value The acid value of the
(E2) gl yceriin madsufat toy asind esttwindasd E5eve thiith screangs zef of rldmrd O.nny
KOH g to 50 ng KOH g both inclusive, and preferably within a range

of from 15 mycdiidhge tva th0JTRY ZKEMWIG bbi lthei figllosing exdfideaei It val pessible
influential in the conpatibility in the cured product. [0071] 20

The aci d valcoensmstine nitt bg alzowetaesethdded range provi des a

preferable conmpatibility of the (E2) glycerin tri-fatty acid ester
with fbhe egof§llresin matrix in the cured product. This prevents a
phase separation of the (E2) glycerin tri-fatty acid ester fromthe

epoxy The above-described content provides substantially uniform
dispersion of the (El) oxidized polyethylene wax, thereby reducing
stain on the metal mold and degradation in the appearance of the cured
product. Further, such content provides sufficient melting of the
15 oxidized polyethylene wax in the pfocess for curing the epoxy resin
composition, thereby providing an improved flowability.
[0062]
In the present invention, other type of mold releasing agent may
be additionally employed unless an advantageous effect obtainable by
20 employing the (El) oxidized polyethylene wax is not lost. Other type
of moid releasing agents may typically include, for example: natural
waxes such as carnauba wax and the like; and metal salts of higher
fatty acids such as zinc stearate and the like.
{0063]
25 ({E2) GLYCERIN TRI-FATTY ACID ESTER)
The (E2) glycerin tri-fatty acid ester is a triester that can be

obtained from glycerin and a saturated fatty acid. The presence of the



resin matrix. Therefore, a segregation of the (E2) glycerin tri-fatty
25 acid ester on the surface of the cureddproduct is inhibited,
thereby reducing stain on the netal nold and degradation in the
appearance of the cured product. 27 [0072] Further, the presence of
the (E2) glycerin tri-fatty acid ester on the surface of the cured
product provides an inproved nold- releaseability of the cured
product fronEghalyeerin fbldaton adid sstasnip dg, cROKYe 5T e FYUSgRE
compatibility thereof with the epoxy resin matrix may prevent the
(E2) gl ycer iPHov¥desf muqhy inpiqyed stad-retansealid igH of HBe suiRade g CE he
cured product, resulting in insufficient nold- releaseability. [0073]
10 (2-3) Meghtpied Efan ghamsrepsiHennedn pPag oaferyy alettée ¢ape of
preferably within a range of from 20 pmto 70 pm both inclusive, and
mor e pr ef er &HPYOXANE R MoRCESIRFecnfa dipaiAr3of phveerig0apmapeakurated fatty
inclusive. [0074] 15 The nmean particle dianmeter within the -

above- descr iabed. rangestuse ovbdsdetancep péftdicabieecc BApraICt bphliaipedlroRethe
(E2) glycerin tri-fatty acid ester with the epoxy resin matrix in
the cured peEpggctresihicomppoibiigesis gegueasendes 6P ahdnfEmncgl 9k dyrpoxyl
tri-fatty acid ester on the surface of the cured product, thereby
provi di ng agrpaprreTethafotieredneaswigbiranly stsudoinhdnchgaduprefdgets in the
fromthe nmetal nold. On the contrary, excessively higher

conpat i bi | i tgsisi@neeftanrefiavheokgraiparkssitn matri x may prevent the
glycerin tri-fatty acid ester fromleak on the surface of the cured
product, red@Pé4ng in insufficient nold-releaseability. [0075] 25

Further, since the (E2) glycerin tri-fatty acid ester is in a state
of a pheferable céhpaonbent of Wia HEEhavlepexdn tebifathntadid, egter in the

epoxy resin composition is within a range of from 0.01 wt% to 1 wtd
both inclusive, and preferably within a range of from 0.03 wt% to 0.5
wt% both inclusive. The content of glycerin tri-fatty acid ester
within the above~described range provides an improved mold-

15 releaseability of the cured product from the metal mold. Further, such
content provides an improved adhesiveness with a lead frame member,
such that separation of the cured product from the lead frame member
can be inhibited in the solder precessing.

In addition, stain on the metal mold and degradation in the appearance

20 of the cured product can be reduced.

[0065]

The (E2) glycerin tri-fatty acid esters typically include, for
example: glycerin tri-caproic acid ester; glycerin tri-caprylic acid
ester; glycerin tri-capric acid ester;glycerin trilaurin acid ester;

25 glycerin tri-myristic acid ester; glycerin tripalmitin acid ester;
glycerin tri-stearic acid ester; glycerin tri-arachic acid ester;

glycerin tri-behenic acid ester; glycerin tri-ligncceric acid



segregation of the (E2) glycerin tri-fatty acid ester on the surface
of 28 the cured product can be inhibited? thereby reducing stain on
the nmetal nold and degradation in the appearance of the cured
product. [0076] Furthernore, the mean particle diameter within the
above 5 described range provides sufficient nmelting of the (E2)
glycerin tri- fatty acid ester in the process for curing the epoxy
resi n conpo$ptsuAlycamiar Bfiocerotieased ghtaift Jepesdinr B5i AoBGMI6s#¢icon
has an inproved flowability. [0077] 10 (2-4) Content of Particles
Havi ng A Di gfear gbyceNan SpahebissThaaritoestian ardihietikeg onfhenglygerin
particles having a dianeter of not smaller than 106 pmin the total

of the gl ycériTiatey-d@ct gst@s vee Peernmayedalopeefar ably fegaat go or

|l ower than 0.1 wt% [0078] 15 The above-descri bed content provides
subst ant i al kgnvimiatdermthdregfer sion of the (E2) glycerin tri-fatty acid
ester in the epoxy resin conposition, thereby reducing stain on the
met al ndl d dAddegradation in the appearance of the cured product.
Further, such content provides sufficient nelting of the oxidized 20
pol yet hyl ene wax Rperichehegeocebgreron wirfagnt helegexgr rdsphycerin and
conposition, thereby providing an inproved flowability. [0079] The

gl ycerin trsateated aitdyestier haviployedd RO tdsabpr e Ons maynbe muesararly
be obtained by adjusting particle size of a coomercially 25

avai | abl e gkeyekavied, t¥i viaw tof pedddéeny en impravhe mleseptessagiaidiipnand an
other type of nold rel easing agent may be additionally enployed '
unl ess an aunedvedgamesrandect it apkasl erefpcEnpl ythgrmone, gilyeerim tri-

tri-fatty 29 acid ester is not lost. Oher t{pe of nold rel easing
agent slPmay montanic acid ester may be more preferably employed. In the present

invention, number of carbon atoms of saturated fatty acid is sum of
number of carbon atoms in alkyl group and in carboxyl group of
saturated fatty acid.
f0067]
15 The following characteristics of the (E2) glycerin tri-fatty
acid ester, which are: {2-1) dropping point; (2-2) acid value; (2-3)
mean particle diameter; and (2-4) content of particles having a
diameter of not smaller than 106 um, will be described in sequence.
[0068]
20 (2-1) Dropping Point
The dropping peint of the (E2) glycerin tri-fatty acid ester is
preferably within a range of from 70 degree C to 120 degree C both
inclusive, and more preferably within a range of from 80 degree C to
110 degree C both inclusive.
25 [0069]
The dropping point within the above-described range provides an

improved thermal stability of the (E2) glycerin tri-fatty acid ester,



typically include, for exanple: natural waxes such as carnauba wax
and the like; and netal salts of higher Zfeatty acids such as zinc
stearate and the like. 5 [0080] ((E3) oxidized paraffin wax) The
(E3) oxidized paraffin wax is a generic nane of oxides that are
produced by air-oxidation of or acid-addition to a paraffin wax. A
carboxyl group is introduced into a paraffin wax by conducting 10
oxi di zat i onthdtebyparafdhitingvax basn-tiheof awemiE2gr gafceirsn prodiedy byich ester
separation and a refinenent of a distillate oil by reduced-pressure
distillationn amdmbsdings pticksaax Theraforapybire ntpt@mrdenaldrrel eadNerhblity, of
nunber of carbon atomin a nolecular is on the order of 20 to 40 both
i ncl usi ve, ahd dcmledcptcatuconeirght a ireteh tdid 05 deesafte80ks webb@shprdvitsng
inclusive. [0081] The content of (E3) oxidized paraffin wax is
wi thin a raageimfrofre®neduért iut Undloiabi Wttd. bofdrthec| tbe varoppindeoépoxy thin
resin conposition, and preferably within a range of from0.03 wt%to
0.5 w % bot th20abavel-tsiarébed hango mrentddshenedifciamit mehtingeof the (E2)
above-descri bed range provides the cured product obtained fromthe
epoxy resi ngtoo@asi troifatex hidhitéstgram ithproncedssdicd- cetisgs8abieppxy resin
fromthe netal nold. Further, such content provides an inproved
adhesi venessompddi taoh eadhi§ reoeidenbebstanttdl ivhani Sepadiapeonicf of hae
cured product fromthe | ead 25 frane nenber can be inhibited in the
sol der procegg) nglyckniraddi +faany asitfaesteaninheenetisdd poddhcand Therefore, a
degradation in the appearance of the cured product can be reduced.
30 [0082] Eegrépitiom orgthbaffact @nicetricsroffatty §&3) esddionethe surface of
paraffin wax, which are: (3-1) softening point; (3-2) acid val ue;
(3-3) nean paetwdeel poicaxet @ banchhiBidd, comtmhy ofdupand isches drathagetal
a di ameter of not

mold and degradation in the appearance of the cured product.

{0070]
(2-2) Acid Value
The acid value of the (E2) glycerin tri-fatty acid ester is

15 within a range of from 10 mg KCH/g to 50 mg KOH/g both inclusive, and
preferably within a range of from 15 mg KOH/g to 40 mg KOH/g both
inclusive. The acid value is influential in the compatibility in the
cured product.

[0071]

20 The acid value within the above-described range provides a
preferable compatibility of the (E2) glycerin tri—fatty acid ester with
the epoxy resin matrix in the cured product. This prevents a phase
separation of the (E2) glycerin tri-fatty acid ester from the epoxy
resin matrix. Therefore, a segregation of the (E2) glycerin tri-fatty

25 acid ester on the surface of the cured product is inhibited, thereby
reducing stain on the metal mold and degradation in the appearance of

the cured product.



5 smaller than 106 pm w | be described in sequence. [0083] (3-1)
Sof t eni ng Poi nt Softening point of the (EJ) oxidized paraffin wax is
preferably wthin a range of from 70 degree C to 120 degree C both
inclusive, and 10 nore preferably within a range of from 80 degree C
to 110 degree C both inclusive. The softening point can be neasure in
accordance with JIS K-2235-5.3.1. [0084] The softening point within

t he above- dd8¢tilbed range provides an 15 inproved thermal stability
of the (E3) oxidized paraffin wax, thereby preventing a burn-in of
the (E3) oxi di zedPmathatf ithewaxresence hef bk dif?y glhicecds SriTiartef arisl eafpr
i nproved nol d-rel easeability of the cured product froma netal nold

i s presentedn @ wetfacasopraei direg prodicipprovédes equammioged mold-

nol dability. Further, the softening point within 20 the

above- descr irbehscahykityr of i tdescsuedf produt: it ting) refal el@E3)On the
oxi di zed paraffin wax in the process for curing the epoxy resin

conposi §i on cothiaryprentedesvalybBiginti adipatilni fioy ntdirepergitbnthsf eppry resin
(E3) oxidized paraffin wax in the cured product. Therefore, a

segr egat i onmatri:heay E3event dineeEPapdfddmnwend -dat hhecsdireiaee fobmt ek on
25 cured product can be inhibited, thereby reducing stain on the

metal  nol d chadsudEgraddt ton dumed hercdppearasciaiof irhénswifdédipntonatd-
[0085] 31 (3-2) Acid Value The acid value thereof is within a range
of from 10 mgl&idapilixy.50 ng KOH g both inclusive, and preferably
within a range of from15 ng KOH g to 40 ng KOH g both i ncl usive.

The acid val(®e73ls influential in 5 the conpatibility in the cured
product. [0086] The acid value within the above-described range

provi dé8 a (2-3) Mean particle diameter

The mean particle diameter is preferably within a range of from
20 um to 70 ym both inclusive, and more preferably within a range of
from 30 ym to 60 pm both inclusive,
[0074]

15 The mean particle diameter within the above-described range
provides a preferable compatibility of the (E2) glycerin tri-fatty acid
ester with the epoxy resin matrix in the cured product. This provides
a presence of the (E2} glycerin tri-fatty acid ester on the surface of
the cured product, thereby providing an improved mold-releaseability of

20 the cured product from the metal mold. On the contrary, excessively
higher compatibility thereof with the epoxy resin matrix may prevent
the glycerin tri-fatty acid ester from leak on the surface of the cured
product, resulting in insufficient mold-releaseability.

[0075]

25 Further, since the (E2) glycerin tri-fatty acid ester is in a

state of a preferable compatibility with the epoxy resin matrix, a

segregation of the (E2} glycerin tri-fatty acid ester on the surface of



preferable conpatibility of the (E3) oxidized paraffin wax with the
epoxy resin matrix in the cured product. 2%his prevents a phase 10
separation of the (E3) oxidized paraffin wax fromthe epoxy resin
matri x. Therefore, a segregation of the (E3) oxidized paraffin wax on
the surface of the cured product is inhibited, thereby reducing stain
on the nmetal nold and degradation in the appearance of the cured
product . 15thd@873d Funtther cahhee predened, diherbley (E8)cigki diaiedon the metal
paraffin wax on the surface of the cured product provides an

i nproved nohdld ehéakeabddiion iofthehaprearattepedduet chrashpreduaret al

nold. On the contrary, excessively higher conpatibility thereof with
the 20 epoxy0@&EsSin matrix nmay prevent the wax fromleak on the

surface of the cured product, resulting in insufficient

nol d-r el easeabi | i fycthpOGBR] tif8w83n Veahi®ar tichaleD arttiar tIEheberesan
particle dianmeter is preferably within a range of from 25 20 pn to

70 pm bdt h desdrised ecangadommideprsefrchy maltthng f thamg@2bfglybenin 30i-
pmto 60 pmboth inclusive. [0089] 32 The nean particle dianeter

wi t hin the @boweadesesicbedr angerpress dos @upneftrabbexyc oapat ichipdstigion.
of the (E3) oxidized paraffin wax wth the epoxy resin matrix in the
cured produCherckbrs, phevieked tant ppesenesinfcarpes{tE8h lmd dnzewproved
paraffin wax on the surface of the cured 5 product, thereby providing
an i nprovedfhaiabinetyeaseability of the cured product fromthe netal
nold. On the contrary, excessively higher conpatibility thereof with
the epoxy fesiyi matrix may prevent the wax fromleak on the surface

of the «cured product, resulting in insufficient nold-rel easeability.

10 [ 0090] (2-4) Content of Particles Having A Diameter of Not Smaller Than 106 pm

Further, content of particles having a diameter of not smaller
than 106 pm in the total of the glycerin tri-fatty acid ester may be
preferably equal to or lower than 0.1 wt%.

[0078]

15 The above—described content provides substantially uniform
dispersion of the (E2) glycerin tri-fatty acid ester in the epoxy resin
composition, thereby reducing stain on the metal mold and degradation
in the appearance of the cured product.

Further, such content provides sufficient melting of the oxidized

20 polyethylene wax in the process for curing the epoxy resin composition,
thereby providing an improved flowability.
[0079]

The glycerin tri-fatty acid ester employed in the present
invention may be obtained by adjusting particle size of a commercially

25 available glycerin tri-fatty acid ester. In the present invention,
other type of mold releasing agent may be additionally employed unless

an advantageous effect obtainable by employing the glycerin tri-fatty



Further, since the (E3) oxidized paraffin wax is in a state of a
preferable conmpatibility with the epoxy 28sin matri x, a segregation
of the (E3) oxidized paraffin wax on the surface of the cured
product can be inhibited, thereby reducing stain on the netal nold
and degradation 15 in the appearance of the cured product. [0091]
Furthernore, the mean particle dianmeter within the above- descri bed
range provi desd sgtér disendt mekt i n@tbér thyee (&3 jnobdk il eash ngpageadfthi maynvax
in the process for curing the epoxy resin conposition. 20 Therefore,
t he resul t antpepoty irediude,cdoposianpbe: masuml waprsovech &bl owalsiuba twex and
[0092] (3-4) Content of Particles Having A D aneter of Not Smaller
Than 106 pneh&dritkaerand hetopterd off hjzfhetri Hiey davisnguch dbanetestasfrate
not 25 smaller than 106 pmin the total of the (E3) oxidized paraffin
wax may beapdefter abty, equal to or lower than 0.1 wt% [0093] 33 The
above-descri bed content provides substantially uniform di spersion of
the (E33 oxijdpgm|d paraffin wax conposition, thereby reducing stain
on the nmetal nold and degradation in the appearance of the cured
product due (f{B3)Segielsid paradfith hex(E3) oxi di zed paraffin wax. 5
Further, such content provides sufficient nelting of the (E3)
oxi di zed paraffi nhavae3j mstinezgt paesstihowax usi agenheiemoxy asfeskides that
conposition, thereby providing an inproved flowability. [0094] The
(E3) oxi di zade patcafitéd byaxi reapidytadni of lreaqirdesanitionvienti paraffOn memg. A
be obtained by adjusting particle size of a coomercially available
gl ycerin tricatiaddty aedugh estiernrodurethentar espntafifhv erti lon,cootiheringy pe
of nold releasing agent nay be additionally enployed unless an
advant ageousxefirttoobt ahaghlrafbin eaplayithg tadwemftEd) abxisdpzedhced by a
paraffin

separation and a refinement of a distillate oil by reduced-pressure

distillation, and is a solid wax at an ambient temperature. Normally,
number of carbon atom in a molecular is on the order of 20 to 40 both
inclusive, and molecular weight is on the order of 300 to 550 both

15 inclusive.
[0081]

The content of (E3) oxidized paraffin wax is within a range of
from 0.01 wt% to 1 wt% both inclusive in the epoxy resin composition,
and preferably within a range of from 0.03 wt¥% to 0.5 wt% both

20 inclusive. The content thereof within the above-described range
provides the cured product obtained from the epoxy resin composition
exhibiting an improved mold-releaseability from the metal mold.
Further, such content provides an improved adhesiveness with a lead
frame member, such that separation of the cured product from the lead

25 frame member can be inhibited in the solder processing. In addition,
stain on the metal mold and degradation in the appearance of the cured

product can be reduced.



wax is not lost. Qther type of nold rel easing agents may typically 15
i nclude, for exanple: natural waxes such3fs carnauba wax and the
like; and netal salts of higher fatty acids such as zinc stearate
and the like. [0095] <(F) SILANE COUPLI NG AGENT> 20 The (F) silane
coupling agent available in the present invention 1is not
particularly limted, and a chem cal conpound that is capabl e of
reacting w {t0d2t h of organi c conponent such as epoxy resin or
phenolic resin and inorganic filler to provide an inproved interface
strength therebelwednl mmynhectenrptoyadtiddoé SpedEd) calidized perafifianex,
coupling 25 agents available in the present invention nmay typically
i ncl ude epoxiytsi hase, (3abi rositéaing, poirei; d63-<4)| ame] vabrgapbod)snbameagricle
the like. The (F) silane coupling agent nay be enpl oyed alone, or in
a form of agd3#hetepntdnoati-en theremofof Taet{desshdwng zoliphétry afewt i s
an essential conponent of the epoxy resin conposition, which is
capabl es of praMiedi tighn A0€qmsi €erlabkyddmpiloacednviesmesed.y properti es
and flow ng properties of the epoxy resin conposition by a
synergi stic[efgxgct with the (G 5 chem cal conpound that will be
di scussed later. [0096] Blending quantity of the (F) silane coupling
agent enpl oyg€l)i Softdrngresent i nvention may be within a range of
fromO0.01 wt%to 1 ww% both inclusive in the total epoxy resin
conposi tion, prefsstdehynavidotih cif0the r@idgecdfiitedmafaDBEnwds tie OrEenethy
both inclusive, and nore preferably wthin a range of fromO0.1 w %
to 0.6 w % hothin actargievef fthe tbaktente Cofo tlRe <idrameC douplinvguagent and
wi thin the above-described range provides an inproved effect, which
i s obt ad nabherdyrefiptamiyngithie 4 Gengheri ¢adm S€ongeadC tdral 1hvideprdre C both
di scussed |l ater, as well as providing an inproved 15 the resistance
to refl ow sahdeiding. h&at softensegricoondyetore peskagein ddspedyse, withe JIS
use of the silane coupling agent at a content within the

K-2235-5.3.1.

{0084]
The softening point within the above-described range provides an
15 improved thermal stability of the (E3) oxidized paraffin wax, thereby
preventing a burn-in of the (E3) oxidized paraffin wax in the molding
process. Therefore, an improved mold-releaseapility of the cured
product from a metal mold is presented, as well as providing an
improved sequential moldability. Further, the softening point within
20 the above-described range provides sufficient melting of the (E3)
oxidized paraffin wax in the process for curing the epoxy resin
composition. This provides substantially uniform dispersion of the
(E3) oxidized paraffin wax in the cured product. Therefore, a
segregation of the (E3) oxidized paraffin wax on the surface of the
25 cured product can be inhibited, thereby reducing stain on the metal
mold and degradation in the appearance of the cured product.

[0085]



above-descri bed range of the content allows providing a reduced water
absorption of the epoxy resin conpositiodl thereby providing an

i nproved resistance to reflow soldering heat in a sem conduct or
package. 20 [0097] <(G CHEM CAL COVPOUND HAVI NG AROVATI C RI NG THAT
HAS HYDROXYL GROUPS, EACH OF WHICH IS BOUND TO RESPECTI VE TWDO OR
MORE ADJACENT CARBON ATOMS THAT COWPOSES THE AROVATI C RING> The (G
chem cal conpayndchéiviaiige aromatic ring that has hydroxyl 25 groups,
each of which is bound to respective two or nore adjacent carbon
atons that conposts thed astmattihersdhdgs(hertennaftaage reff éroedOtoy K@E/g to
"(G chem cal conpound”) available in the present invention nmay be a
35 cheni cabo e@rpornd bbepriestnd e, bynd beefalabdwi wighiye e range of nidcar 15 mg
(2): OHR (2) R2 RA DC R3 (wherein one of RL and R5 is hydroxyl
group, and kbie/cotbesl g Kdhydriogeniathmivhy dmorydcigh vaimeois influential in
substitutional group other than 5 hydroxyl group, each of R2, R3 and
R4 is independeninbytimidiogean atomredydodugt. group or substitutional
group ot her than hydroxyl group, or R and R3, or R3 and R4 may be
conbi ned to[bagan aromatic ring). [0098] In the above-descri bed

formula (2), the chem cal conpound, which 10 includes aromatic ring
formed by conbi ni nige B2iana1R3 wirthR3 @edabBe-naycribed tnapye ghdoyides a
chem cal compound represented by the followi ng general forrmula (3):

R R2 preferable compatibility of the (E3) oxidized paraffin wax with the

epoxy resin matrix in the cured preduct. This prevents a phase

10 separation of the (E3) oxidized paraffin wax from the epoxy resin
matrix. Therefore, a segregation of the (E3) oxidized paraffin wax on
the surface of the cured product is inhibited, thereby reducing stain
on the metal mold and degradation in the appearance of the cured
product.

15 [0087]

Further, the presence of the (E3) oxidized paraffin wax on the
surface of the cured product provides an improved mold-releaseability
of the cured product from the metal mold.

On the contrary, excessively higher compatibility thereof with the
20 epoxy resin matrix may prevent the wax from leak on the surface of the
cured product, resulting in insufficient mold-releaseability.
{0088]
(3-3) Mean Particle Diameter
The mean particle diameter is preferably within a range of from
25 20 pm to 70 pm both inclusive, and more preferably within a range of
from 30 pm to 60 pum both inclusive.

[0089]



H4 ," ,~Rs1(3) ~'"~-R4 R/ RS R(wherein one of R and R7 is
hydroxyl group, and the other is 15 hydPdgen atom hydroxyl group or
substitutional group other than hydroxyl group, and each of R2, R3,

R4, R5 and R6 is independently hydrogen atom hydroxyl group or
substitutional group other than hydroxyl group). 36 [0099] The (Q
chem cal conpounds available in the present invention may typically

i nclude, for exanjptemegatrechbtle pyameiglr| withigaiie sbeig-descyj®rfi@rgei d
ester; 1, 2-di hydroxynapht hal ene; 2, 3-di hydr oxynapht hal ene; 5 and
derivat i vesptinerdesfa pieéeciéri calpat onpgdtindinghe b3 nprisiaed glegpgiin vax
in a formof a conbination thereof. [0100] Anong these,

1, 2- di hydr oxytiaphthepoxyereZn3mali thyd Lo xyrapkieabesict andhde rpnpaiisge s

t hereof, which have a naphthal ene ring as parents, may 10 be nore
preferably epmpdayedof itheviB3l okidiaedl| paraffiyg wesry ¢he surfaee of the cured
flowability and the curing condition and providing | ower volatility.
[0101] 8l engicagucgatitdrelpy afravheingGpn cherbeed robfmpsiadsernylbey Wit Hiencared
range of fromO0.01 wMt%to 1 W% both inclusive in the total epoxy
resin 15 conpdsitt fom theefermdbhyldai thin a range of fromO0.03 wt%to
0.8 wt % both inclusive, and nore preferably within a range of from

0. 05 wt % t 00. the whittzatyh dxrebasialy. hiiercompenibigfity heher@pt clishi el
conmpound within the above-described range provides viscosity
properties apdxf lresimgatpioperyt pesenhareovabyframsiasdr gh Shiecswiipeetof the
with the (F) silane coupling 20 agent. Further, inproved aghi/.si cal
properties afirtderodned pesdudhg in insufficient mold-releaseability.

10 [009C]

Further, since the (E3) oxidized paraffin wax is in a state of a
preferable compatibility with the epoxy resin matrix, a segregation of
the (E3) oxidized paraffin wax on the surface of the cured product can
be inhibited, thereby reducing stain on the metal mold and degradation

15 in the appearance of the cured product.
[0091]

Furthermore, the mean particle diameter within the above-
described range provides sufficient melting of the (E3) oxidized
paraffin wax in the process for curing the epoxy resin composition.

20 Therefore, the resultant epoxy resin composition has an improved
flowability.
[0092]
(3-4) Content of Particles Having A Diameter of Not Smaller Than 106 pm

Further, the content of particles having a diameter of not

25 smaller than 106 um in the total of the (E3) oxidized paraffin wax may
be preferably equal to or lower than 0.1 wts.

[0093]



t hereof can be obtained, and therefore the conpound can be preferably
enpl oyed as the epoxy resin conposition 88 the present invention.
[0102] While the epoxy resin conposition for encapsulating the 25
sem conductor chip of the present invention contains the
af orenenti oned conponents (A) to (G as essential conponents, the
follow ng other additives may al so be additionally enployed as
required. Ot her 3fThe abdid-idessrimmy tomientldrypviided gdestahoiayanpl ferm
fire retardant agents such as brom nated epoxy resins, antinony
trioxide, phospheiuas ofcempo@idsoxinttal phyalffiixi dss campbaibiéon,i kbereby
colorants such as carbon bl ack, red ocher and the Iike;
stress-redugbdgiagestaisuch the midalconiel 5ndidegraiddtiioonsn thélgpearance of
synt hetic rubber and the |ike; and antioxidants such as bisnuth
oxi de hydr atge afget! herdduke dup0id Iegiimteporof thsi (B3¢ ormposied pardiin wax.
encapsul ating the sem conductor chip of the present invention is
producesl by raittarg sihe aboteemeptdvides suf@iceEmponsiitisg () the (EG) . oxdibiieed
specifically, the conmponents (A) to (G and other additives are m xed
by using a phxeffiarwd:henl tiee prambst fen curhey rhxesboxmt srsial cinpohiiaicad
and kneaded by using a heating kneader, a heat roll, a extruder or
the |ike, anHesyspauerihy,art heplaveddeicbwailidyial i s cool ed, and then
crushed to obtain the conmpound. 15 [0104] El ectronic parts such as
sem conduct gogehi ps can be encapsul ated by using the epoxy resin
conposition for encapsul ating the sem conductor chips according to
the present invenThonEkp éorived paeaftiondactcopladed ¢e.thEheresent invention
encapsul ation of the electronic parts such 20 as the sem conduct or
chi ps gan beagaordubtethdayby wdijngt andpamiidiagsitzkeof conpowrdisily available
conventional process such as, for exanple, a transfer nolding
process, compyessnotrivfadtpgaqdoesss, iIn eb¢ippesem] dhventprocedberdnge of
the Iike.

mold releasing agent may be additionally employed unless an

advantageous effect obtainable by employing the (E3) oxidized paraffin
wax 1s not lost. Other type of mold releasing agents may typically

15 include, for example: natural waxes such as carnauba wax and the like;
and metal salts of higher fatty acids such as zinc stearate and the
like.
[0085]
<{(F) SILANE COUPLING AGENT>

20 The (F) silane coupling agent available in the present invention
is not particularly limited, and a chemical compound that is capable of
reacting with both of organic component such as epoxy resin or phenolic
resin and inorganic filler to provide an improved interface strength
therebetween may be employed. More specifically, the silane coupling

25 agents available in the present invention may typically include
epoxysilane, aminosilane, ureido silane, mercapto silane or the like.

The (F) silane coupling agent may be employed alone, or in a form of a



[0105] 25 EXAMPLES The present invention will be further
specifically described in reference to éXanples as follows, though
it is not intended to limt 38 the scope of the present invention
thereto. The conpositions are presented by using part by weight.
[0106] <EXAMPLE A> 5 (Exanple al) Followi ng raw materials were
enpl oyed in exanple al: * Epoxy resin represented by the foll ow ng
general forautisingd)on thhendl. affed KY) dijpes eporyinesgenthasi arg essential
bi phenyl ene skel eton), [conmercially available from N ppon Kayaku
Co, Ltd., usdesoriche df ate cHdxparesiof caG300RR; , wiiawi by cephitlenioAgoroviding
point of 58 degree C and epoxy equivalent of 273] 7.36 parts by
wei ght ; H CaCtbrHaeRB1GH fgtovad Ivischsidyl pkdpe2ti€s Gnd DloBiRg CHRpel sy of
n (n represents an average value that is a positive nunber within 15
a range of fherapbxyorad)in| @lfdkiticRhend isgnersishiofeffectutioh (B (G)
(phenol aral kyl resin having phenylene skeleton [comercially
avai | abte fragniMalstimpehedittat @A, be ldidcpsaemdéatdthe trade nane of
XLC-4L, softening point of 65 degree C 20 and hydroxyl equival ent of
174] 4.69 pgobsslby wei ght 39
Blending quantity of the (F) silane coupling agent employed in
the present invention may be within a range of from 0.01 wt% to 1 wt%
both inciusive in the total epoxy resin composition, preferably within
10 a range of from 0.05 wt% to 0.8 wt% both inclusive, and more preferably
within a range of from 0.1 wt% to 0.6 wt% both inclusive. The content
of the silane coupling agent within the above-described range provides
an improved effect, which is obtainable by employing the (G) chemical
compound that will be discussed later, as well as providing an improved
15 the resistance to reflow soldering heat in a semiconductor package.
Moreover, the use of the silane coupling agent at a content within the
above-described range of the content allows providing a reduced water
absorption of the epoxy resin composition, thereby providing an
improved resistance to reflow soldering heat in a semiconductor package.
20 £0097]
< {G) CHEMICAL COMPOUND HAVING AROMATIC RING THAT HAS HYDROXYL GROUPS,
EACH OF WHICH IS BCOUND TO RESPECTIVE TWC OR MORE ADJACENT CARBON ATCMS
THAT COMPOSES THE ARCMATIC RING>
The (G) chemical compound having arcmatic ring that has hydroxyl
25 groups, each of which is bound to respective two or more adjacent

carbon atoms that composes the arcomatic ring (hereinafter referred to

as "(G) chemical compound”) available in the present inventicn may be a



OHOHCHz CH2 / H(5) (n represents an average value that is a
positive nunber within a range of from E53to 3) [0108] 5 *

1, 8-di azabi cycl o- (5, 4,0)-undecene -7 (hereinafter, referred to as
"DBU') 0.20 parts by weight; * fused spherical silica (having nmean
particle dianeter of 30.0 pm 10 87.00 parts by weight; * Oxidized
pol yet hyl ene wax No. 1 (having dropping point of 120 degree C, acid
val ue of 20chgniKet gmppuid efcpayenage bykee Ucdilowiiggbencakl 210008 (2):
density of 0.98 g/cnB, nean particle dianmeter of 45 pm content of
particl es having dc? ter of not smaller than 106 pmof 0.0 wt% 15
oxi de of high dens g%polyethylene polymer) 0.10 part by weight; *
y-gl yci dyl propy! ilane 0.30 part by weight; *

2, 3-di hydro ) F%iagent) 20 0.05 part by weight; and *
carbon bl ack 0. 3(Q part by wei ght. ané 9] After m xi ng the raw
materials |listed jabove lby using a the m xed material was
kneaded forgqg I mt a bi axi al roII havi ng surface

t enperature f 95 oegree C and 25 degree C, and thereafter, the
obt ai ned sheet of t kneaded material was cooled and then was
crushed to obtain an*epoxy resin conposition. The 5 characteristics
of the obtained epmereigsiriz eorqmoahd ifninasdevayuatedy, and the other is

hydrogen atom, hydroxyl group or substitutional group other than
5 hydroxyl group, each of R2, R3 and R4 is independently hydrogen atom,
hydroxyl group or substitutional group other than hydroxyl group, or R2
and R3, or R3 and R4 may be combined to form arcmatic ring) .
[0098]
In the above-described formula (2), the chemical compound, which
10 includes aromatic ring formed by combining R2 and R3 or R3 and R4, may

be typically a chemical compound represented by the following general

formula {(3):
R1 Rz
HO Rs3
(3)
R7 R4
Re Rs

(wherein one of Rl and R7 is hydroxyl group, and the other is
15 hydrogen atom, hydroxyl group or substitutional group other than
hydroxyl group, and each of R2, R3, R4, RS and R6 is independéntly
hydrogen atom, hydroxyl group or substitutional group other than

hydroxyl group) .



by the follow ng nmethod. Results are shown in Table 1. [0110)
(Method for Evaluation) 10 Spiral Flow Aénetal nold for measuring
spiral flow pursuant to F M-1-66 was enpl oyed to conduct
measurenents at a netal nold tenperature of 175 degree C, at an
injection pressure of 6.9 MPa, and for curing time of 120 seconds.
The obtained spiral flowis presented by an unit of cm 15 [0111]
Gold Wre Debmggmation Ratio: A 160 p low profile quad flat package
(LQFP) (CQu L/F; package outer dimension: 24 nmx 24 nmx 1.4

mmt hi ck; pad si zehie §GP dHef%a 8 cbmpatinda nalrad hiiples iz ethe? phegamt xikeht hor)
was nol ded by enploying a |ow pressure transfer automated nol di ng 20
machi ne, at pay a1l dndlemperairueeargfiel 7GtdegsleepGogilalr igajkict boid;
pressure of 9.6 a, and for a curing time of 70 seconds. The nol ded

160p LQFP ( gackageliaastebs el ved nititdkygapiofial¥nday, B+didlyosegmyphthalene;
apparatus, and the obtained deformation ratio of the gold wire was

expressed i Bnd aldrovaivek| ewrgsant irhy )chchgedd compantiengt by . enfieyad alone,
criteria were that "o" (good) for the obtained deformation ratio of

| ower than Sranda" %o Bad) deapitdtecnbitairaesl deformation ratio of not

|l ower than 5 0. 41 [0112] Sequential Mldability: 500 shots of 80 p
quad flat pagkages (QFP) (Cu L/F;, package outer dinension: 14 nm x

20 mMmx 2 mmthick; pad dinension: 6.5 nmx 6.5 mmn and chip

di mension: 6.0 Mol Gnedy, Wer-elibysaegyanthtaklsngyob dedihydemghaytithglene
| ow pressure transfer automated nolding nachine, at a netal nold

t enper at ur e 20 defSvaegieetikareat, amich Naeet 4 oaphtledede eriofy & EabBas, may
and for a curing tine of 70 seconds. The criteria were that "o"
(good) 1Hor beiAgespeerRashU dmplSfdaai OhtviBB0sf facilitating controls in the
flowability and the curing condition and providing lower volatility.
10101]
Blending quantity of the (G) chemical compound may be within a
range of from 0.01 wt$% to 1 wt% both inclusive in the total epoxy resin
15 composition, preferably within a range of from 0.03 wt% to 0.8 wt% both
inclusive, and more preferably within a range of from 0.05 wt% to 0.5
wt% both inclusive. The content of the (G) cheamical compound within
the above-described range provides viscosity properties and flowing
properties thereof by a synergistic effect with the (F) silane coupling
20 agent. Further, improved physical properties of the cured product
thereof can be obtained, and therefore the compound can be preferably
employed as the epoxy resin composition of the present invention.
[0102]
While the epoxy resin composition for encapsulating the
25 semiconductor chip of the present invention contains the aforementioned

components {A) to (G) as essential components, the following other

additives may also be additicnally employed as required. Other



shots wi thout any problem such as poor injection and the |ike, and
“x" 10 (bad) for other results. [0113] Appearance of Cured Materi al
And Stain on Metal Mold: A stain was eval uated by a visual
observation for a package and a netal nold after straight 500-shots
had been conpleted in the above-descri bed 15 sequential nolding
process. The criteria for appearance of the cured product and the
stai n on thedaetiaks melydcyeical thanclude, ( badexfoplest i.nedebotdiant aaggnty”
(good) for being not stained until straight 500-shots of nol dings
were conpl ekach aAs08dcklina2l Besistranims, TenRebhpwSokiide,i phosiratus The
package, which had been nolded for the evaluation on the

above- descr icbgshisaguerthhlhyopbxlalis| and/ thaeki kpostolovars aticll 76 dagnose
C and for 8 hours, and the post-cured package was stored in a humd
envi r onnent Lakci85 rée gicher Granthd nike elsarese rednditict goofc 86ctymbosiliegne
hours, and then, IR reflow was 25 processed to the hum dity-processed
packages ( 26Qilegieecdne JEDES, Lepaheti) rufbe: padkdgelilss;obsarapgdoxgidehts
a mcroscope, and a crack generation rate [ (crack generation rate)
= ((nunber elcpackagesmthasmting exirataadnddhe didek generation) /

(nunber of total packages)) x 100] was cal cul ated. The crack
generation rate3was presented by unit of % 20 packages were

eval uated. In addition, adherence condition at an interface of the
sem conduct or chi phavidpbx{ hesih tdomppsi oneim eocagzod &t irgn Liva scobseduetbr
5 by an ultrasonic testing equi pnent. 20 packages were eval uated. The
criteria forhiesifstangeesentr ahbaviisol depirogudedaby weréng Hae diprefguddhed
for 0 % of crack generation rate and no separation, and "x" (bad) for
generatong eopasknedrssepatat idn. fdilSpeciIlc{iByanplesomporeota2d) andG)
Conparative Exanples al to a9) Respective conponents were m xed by
the rati o desdrdtred dduitabdse are mixed by using a mixer or the like, and then

the mixed material is heated and kneaded by using a heating kneader, a
heat roll, a extruder or the like, and subsequently, the kneaded
material is cooled, and then crushed to obtain the compound.

15 [G104]

Electronic parts such as semiconductor chips can be encapsulated
by using the epoxy resin composition for encapsulating the
semiconductor chips according to the present invention to form a
semiconductor device. The encapsulation of the electronic parts such

20 as the semiconductor chips can be conducted by curing and molding the
compound via a conventional process such as, for example, a transfer
molding process, compression molding process, injection molding process
and the like.

[0105]

25 EXAMPLES

The present invention will be further specifically described in

reference to examples as follows, though it is not intended to limit



1, table 2 and table 3, and epoxy resin conpositions were obtained in
simlar way as in exanple al, and eval uaBBons thereof were conducted
in simlar way as in exanple al. Results are shown in table 1, table
2 15 and table 3. [0116] Conponents enployed in exanpl es other than
exanple al will be described as follows., *Phenolic resin of the
following formula (6) (phenol aralkyl 20 resin having bi phenyl ene
skel et on) [ emsmeepd alfl yhavakekall enferariohMeihsaet®] astic | ndustries Co.,
Ltd., under the trade nane of "MEH7851SS", softening point of 67
degree C, amfe hyipositionsureaberntdd 203hsitk £kt SW2wlidBt/ H (6 n (n
represents an average value that is a positive nunber within a range
43 of from[digs 3). [0117] * Epoxy resin of the follow ng fornula
(7) (biphenyl type epoxy resin); 5 [comercially available from
Japan epoxy<gesipneEQGe:, Ltd., under the trade nane of "YX-4000H",

mel ting point of 105 degree C, epoxy equivalent of 191] H3C CH3

H2C- CH-CHZ Qe 16H21)0-CH2CH CH2 0 0 H3C CH3 (7) 10 [0118] *
Oxi di zed pol yet hyl ene wax No. 2; (having dropping point of 105 degree
C, acid val ue of 201 1iiOHag, mateuider vaverageoyml enu:anpieight of

1,100, density of 0.97 g/cnB, nean
* Epoxy resin represented by the following general formula {4)
(phenol aralkyl type epoxy resin having biphenylene skeleton),
[commercially available from Nippon Kayaku Co, Ltd., under the trade
10 name of "NC3000P", having softening point of 58 degree C and epoxy
equivalent of 273]

7.36 parts by weight;
FE?_—CQTPHz FQ?"CﬂjPHz
0 8] 0 0

CHCHZ neo (4)

n

(n represents an average value that is a positive mumber within
15 a range of from 1 te 3)
[0107]
* Phenolic resin of formula (5) (phencl aralkyl resin having
phenylene skeleton [commercially available from Mitsul chemical Co.,
Ltd., under the trade name of XLC-4L, softening point of 65 degree C
20 and hydroxyl equivalent of 174]

4.69 parts by weight



particle dianmeter of 45 pm content of particles having dianmeter of
not 15 smaller than 106 pmof 0.0 wt% oxi%e of pol yet hyl ene wax
produced via |ow pressure polynerization process). [0119] * Oxidi zed
pol yet hyl ene wax No. 3; (having dropping point of 135 degree C, acid
val ue of 25 ng KOH g, 20 nunber average nol ecul ar wei ght of 3,000,
density of 0.99 g/cnB, nean particle dianeter of 40 pm content of
particles havimpg diLanmeter of not smalder £han 106 pmof 0.0 Wt %

oxi de of high densjty polyethyl ene [0120] 44 * xidized
pol yet hyl ene wexe Npo. 4; '

val ue of 12 @-agy lyar &) ght of 1,200,
density of O. ) ¢ / artfcl e anet er of 50 pm content of
particl es havi d| anet er not 5 smat’l er|{than 106 pmof 0.0 wt%

oxi de of high densHy polyethylene polynmefs. [0121] * Oxidized
pol yet hyl ene wax No. 5; (having dropping point of 110 degree C, acid
val ue of 45 ng KOHhgreri8senimben avesggoamet ébatars wepehittivg Rrbep within
density of 0.97 g/cnB, nean particle dianeter of 45 pm content of
particl es haviraggeiodneteer 1ofo @t  smal |l er than 106 pmof 0.0 w %
oxi de of polyethyl ene wax produced via high pressure polynerization
process). [0D22%7 15 * Oxi di zed pol yet hyl ene wax No. 6; (having
droppi ng point of 110 degree C, acid value of 20 ng KOH g, nunber
aver agesnol ecul ar *wij gluti apdbit§0lo-dénsi @)y uofe®@ne 8-/ (bagsingbagr, referred to
particle dianmeter of 45 pm content of particles having dianmeter of
not smal | erast HBRU'"MO06 pm of 0.0 W % oxide of high density
pol yet hyl ene

0.20 parts by weight;

* fused spherical silica (having mean particle diameter of 30.0

10 87.00 parts by weight;

* Oxidized polyethylene wax No. 1 (having dropping point of 120
degree C, acid value of 20 mg KOH/g, number average molecular weight of
2,000, density of 0.98 g/cm’, mean particle diameter of 45 pm, content
of particles having diameter of not smaller than 106 pym of 0.0 wt%,

15 oxide of high density polyethylene polymer)

0.10 part by weight;

* yv—glycidyl propyl trimethoxysilane

o

.30 part by weight;
* 2,3-dihydroxynaphthalene (reagent)

20 0.05 part by weight; and

*

carbon black

[e]

.30 part by weight.
[0109]

After mixing the raw materials listed above by using a mixer,



20 polynmer). [0123] * Oxidized polyethylene wax No. 7; (having
droppi ng point of 130 degree C, acid valuye of 20 ng KOH g, nunber
aver age nol ecul ar wei ght of 4,500, density of 0.99 g/cn8, nean 25
particle dianmeter of 45 pm content of particles having dianmeter of
not smaller than 106 pmof 0.0 wt% oxide of polyethylene wax
produced via high pressure polynerization process). 45 [0124] *

Oxi di zed pokygtiiwkbgneatwexalNaas Bincbhay Mg 2r eppes @yPosity afbikkialegiee
C, acid value of 20 ng KOH g, nunber average nol ecul ar wei ght of

1,100, densinthyi®f sOr@Rc0{&iFRafBRR 6f PN tégice di BRPLEIdRied T, paRd
content of particles having dianeter of not smaller than 106 pm of

0.0 wt % oxicterofreps) ¥ebhylieAfedanept ofUERS Wikaded OMLEIIBS SWHL cooled and
pol ymeri zati on process) [0125] * Oxi di zed pol yet hyl ene wax No. 9; 10

(having dr Ol%ﬁéﬁlgaae%fushea ol Qreeey 88 &ox@CidbiviakaigositiZh. mrHsOH g,
nunber average nol ecul ar wei ght of 2,000, density of 1.02 g/cnB, nean

particle di anBL&fcofs4B<PoE BONYRAL L] PRy irekes dvapbsig idhamet evalited
not smaller than 106 pmof 0.0 w % oxide of high density

pol yet hyl engy PRl ¥RBIdwindIndtPdd6] * Oxidized pol yethyl ene wax No. 10;
(havi ng dropplng poi nt of 120 degree C, acid value of 20 ng KOH g,

nunber aver age, M gedllAbuMeightprf 12, 000, density of 0.98 g/cnB, nean
particle dianmeter of 30 pm content of particles having dianmeter of

not 20 snal l@fighan 106 pmof 0.0 w % oxide of high density
polyethylene polyner) [0127]
(Methed for Evaluation)

10 Spiral Flow: A metal mold for measuring spiral flow pursuant to
EMMI-1-66 was employed to conduct measurements at a metal mold
temperature of 175 degree C, at an injection pressure of 6.9 MPa, and
for curing time of 120 seconds. The obtained spiral flow is presented
by an unit of cm.

15 [0111]

Gold Wire Deformation Ratio: A 160 p low profile quad flat
package (LQFP} (Cu L/F; package outer dimension: 24 mm x 24 mm x 1.4
mm-thick; pad size: 8.5 mm x 8.5 mm; and chip size: 7.4 mm x 7.4 nm)
was molded by employing a low pressure transfer automated molding

20 machine, at a metal mold temperature of 175 degree C, at an injection
pressure of 9.6 MPa, and for a curing time of 70 seconds. The molded
160p LQFP (package) was observed with a soft X-ray fluoroscopy
apparatus, and the obtained deformation ratio of the gold wire was
expressed in ratio of (flow quantity) /{gold wire length). The

25 criteria were that "o" (good) for the obtained deformation ratio of

lower than 5 %, and "x" (bad) for the obtained deformation ratio of not

lower than 5 %



* Oxidized polyethylene wax No. 11; (having dropping point of 120
degree C, acid value of 20 ng KOH g, 25 Mdnber average nol ecul ar
wei ght of 2,000, density of 0.98 g/cnB, mean particle diameter of 60
pm content of particles having dianmeter of not smaller than 106 pm
of 0.0 wt% oxide of high density polyethylene 46 polyner) [0128] *
Pol yet hyl ene wax No. 1; (having dropping point of 135 degree C, acid
value of O mglkKOH g, 5 nunber average nol ecul ar wei ght of 5,500,
density of 0.93 g/cn8, nean particle dianmeter of 45 pm_ content of
particles having Geametesl oblawtilisyalS0ershatancllGe P gmadoflal. Daguaes
pol yet hyl ene wax produced via |l ow pressure polynerization process).
[0129] 10 XQPBl yeuhyiFnpackeye Noite2; diteasi oy dd oppingP poi xt2 efn-iiisk; pad
degree C, acid value of 0 ng KOH g, nunber average nol ecul ar wei ght
of 1,800, denséngionf ®.598mgl GnB,mmeand gpaptdickssthiranét&rmmot &% wny were
content of particles having diameter of not snaller than 106 pm of
0.0 wt % polspetdniahty wakdet oguegdoyiay ki gtw Depswss bransfer automated
pol ymeri zati on process). [0130] * 1, 2-di hydroxynapht hal ene (reagent)
* cat echol (meagentciiingyragal helal( neayéatpe2@ure of 175 degree C, at an
1, 6-di hydr oxynapht hal ene (reagent) * resorcinol (reagent). [table-1]
47 -~ rn iejeccion prdssure ofi BlL.6 MPM MIOf@ @ QuOng time of 70 seconds.
The criteria were that "o" (gocd) for being successful in straight 500-
shots without any problem such as poor injection and the like, and "x"
10 (bad) for other results.
[0113]

Pppearance of Cured Material And Stain on Metal Mold: A stain
was evaluated by a visual cbservation for a package and a metal mold
after straight 500-shots had been completed in the above-described

15 sequential molding process. The criteria for appearance of the cured
product and the stain on the metal mold were that
"x" (bad) for stained body, and "o" (good) for being not stained until
straight 500-shots of moldings were completed.

{0114]

20 Resistance To Reflow Soldering Heat: The package, which had been
molded for the evaluation on the above-described sequential mocldability
was post-cured at 175 degree C and for 8 hours, and the post—cured
package was stored in a humid environment at 85 degree C and in
relative humidity of 85 % for 168 hours, and then, IR reflow was

25 processed to the humidity-processed package (260 degree C, JEDEC-Level

1). The package is observed with a microscope, and a crack generation

rate [ {crack generation rate) = ((number of packages having external
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evaluated. In addition, adherence condition at an interface of the
semiconductor chip with the with epoxy resin composition was cbserved
5 by an ultrasonic testing equipment. 20 packages were evaluated. The
criteria for resistance to reflow soldering heat were that "o" (good)
for 0 & of crack generation rate and no separation, and "x" {bad) for
generating crack or separation.
[0115]
10 (Examples a2 to a23, and Comparative Examples al to a9)
Respective components were mixed by the ratio described in table
1, table 2 and table 3, and epoxy resin compositions were cbtained in
similar way as in example al, and evaluations thereof were conducted in
similar way as in example al. Results are shown in table 1, table 2
15 and table 3.
[0116]
Components employed in examples other than example al will be
describad as follows.
*Phenolic resin of the following formula (6) (phenol aralkyl
20 resin having biphenylene skeleton) [commercially available from Meiwa
Plastic Industries Co., Ltd., under the trade name of "MEH7851S55",

softening point of 67 degree C, and hydroxyl equivalent of 203]

OH OH

Tt

(n represents an average value that is a positive number within a range
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resin);
[commercially available from Japan epoxy resin Co., Ltd., under the
trade name of "YX-4000H", melting point of 105 degree C, epoxry

equivalent of 191]
H3C CH3
R CH—CHy=0—CH; O O CHy—0~—CHy~CH-CH,
8} 0
H.C CH

[0118]

(7)

* Oxidized polyethylene wax No. 2;
(having dropping point of 105 degree C, acid value of 20 mg KOH/g,
nurber average molecular weight of 1,100, density of 0.97 g/cn?, mearn
particle diameter of 45 ym, content of particles having diameter of not
smaller than 106 pm of 0.0 wt%, oxide of polyethylene wax produced via
low pressure polymerization process) .
[0119]

* Oxidized polyethylene wax No. 3;
(having dropping point of 135 degree C, acid value of 25 mg KOH/g,
number average molecular weight of 3,000, density of 0.99 g/cn?, mean
particle diameter of 40 pm, content of particles having diameter of not
gmaller than 106 ym of 0.0 wt$%, oxide of high density polyethylene
polymer) .
[0120]
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* Oxidized polyethylene wax No. 4;
(having dropping point of 110 degree C, acid value of 12 mg KOH/g,
number average molecular weight of 1,200, density of 0.97 g/cr®, mean
particle diameter of 50 pm, content of particles having diameter of not

5 smallier than 106 pm of 0.0 wt%, oxide of high density polyethylene

polymer) .
[0121]

* Oxidized polyethylene wax No. 5;
(having dropping point of 110 degree C, acid value of 45 ng KCH/g,

10 number average molecular weight of 2,000, density of 0.97 g/cr’, mean
particle diameter of 45 um, content of particles having diameter of not
smaller than 106 ym of 0.0 wt%, oxide of polyethylene wax produced via
high pressure polymerization process).

[0122]
15 * Oxidized polyethylene wax No. 6;
(having dropping point of 110 degree C, acid value of 20 mg KOH/g,
number average molecular weight of 750, density of 0.98 g/c®, mean
particle diameter of 45 pm, content of particles having diameter of not
smaller than 106 um of 0.0 wt%, oxide of high density polyethylene

20 polymer) .

[0123]

* Oxidized polyethylene wax No. 7;
(having dropping point of 130 degree C, acid value of 20 mg KCOH/g,
number average molecular weight of 4,500, density of 0.99 g/cm?, mean

25 particle diameter of 45 um, content of particles having diameter of not
smaller than 106 um of 0.0 wt%, oxide of polyethylene wax produced via

high pressure polymerization process).
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number average molecular weight of 1,100, density of (.95 g/cn?, mean
5 particle diameter of 45 ym, content of particles having diameter of not
smaller than 106 ym of 0.0 wt%, oxide of polyethylene wax produced via
low pressure polymerization process).
[0125]
* Oxidized polyethylene wax No. 9;

10 (having dropping point of 110 degree C, acid value of 25 mg KOH/g,
nunber average molecular weight of 2,000, density of 1.02 g/cn?, mean
particle diameter of 45 um, content of particles having diameter of not
smaller than 106 um of 0.0 wt%, oxide of high density polyethylene
polymer) .

15 [0126]

* Oxidized polyethylene wax No. 10;
(having dropping point of 120 degree C, acid value of 20 mg KOH/g,
number average molecular weight of 2,000, density of 0.98 g/cr’, mean
particle diameter of 30 pm, content of particles having diameter of not

20 smaller than 106 um of 0.0 wt%, oxide of high density polyethylene
polymer) .

[0127]
* Oxidized polyethylene wax No. 11;
(having dropping point of 120 degree C, acid value of 20 mg KOH/g,

25 number average molecular weight of 2,000, density of 0.98 g/cn?, mean
particle diameter of 60 pm, content of particles having diameter of not

smaller than 106 pm of 0.0 wt%, oxide of high density polyethylene
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(having dropping point of 135 degree C, acid value of 0 mg KOH/g,
number average molecular weight of 5,500, density of 0.93 g/cmf, mean
particle diameter of 45 um, content of particles having diameter of not
smaller than 106 um of 0.0 wt%, polyethylene wax produced via low
pressure polymerization process).
[0129]

* Polyethylene wax No. Z2;
(having dropping point of 115 degree C, acid value of 0 mg KOH/g,
number average molecular weight of 1,800, density of 0.93 g/cm®, mean
particle diameter of 45 yum, content of particles having diameter of not
smaller than 106 pm of 0.0 wt%, polyethylene wax produced via high
pressure polymerization process).

[0130}

%

1, 2-dihydroxynaphthalene {reagent)

*

catechel (reagent)

* pyrogailol (reagent)

*

1, 6-dihydroxynaphthalene (reagent)

* resorcinol (reagent).

[table-1]
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On the contrary, in conparative exanple al, in which epoxy resin
presented by the general formula (4) and4Bhenolic resin presented by
15 the general fornula (6) were not enployed, the obtained conpound
failed to have |ower water absorption and | ower stress at higher
tenperature, resulting in deteriorated resistance to reflow

sol dering heat. (0133] In addition, in conparative exanples a2 and
a3, in whichtgd®ey3] 20 oxi di zed pol yet hyl ene wax was not enpl oyed,
sequential noldability (productivity) was deteriorated, and further,

appear ance of_ihe nolded _produc stain.on the peptal ool nd
. S Al
resistance tp rief sokder | rd S hgdt Wwer|es fetjer Qrg;ag. LN, ol s
conparative pxanplé& @4, in wailch| Bliendi q; gqyant tly- of the (éf
oxi di zed pol yetlhylenle wax was linsuflficidntl 25 teducli-gn—in
nol d-rel easepbi|l i 1y caysed det\ed | griat ed |sequend | ali o frplidabi lli ty and
resi stance tp ré@lgm sol derind Hheat|. |n |[Conpara i V& | exafplie @b i
whi ch bl endi pg ntity of thed TEN oki dized-i51] pol Yetlhyl ene—wax—wds
excessive, surpl u$.conponents vere bl ed |at | an ntler tacle W th menber|s
and on the sfrfldee of tﬁg cyfed: piddugt | BUch  { hat” $tai A | on The | ©
metal nold sprflacé and|stiain orf®1he surflate gf the © gmlded product
wer e confirma@. Flirt hen o resEng1§p to rleftov snlce;i@g 5 heatf was
al so deteriofatledli 7] P134]| I ncanpar|at i ve @xanpl es db{ «agard a9,° [in
which no (G enijcal |conpound® was| added®{hdrein,| T lowabillitylofl tHe
resin conpos|tijon|was |reduced crtesul {ing, in deterliofatedigol dwire
deformation t&ti®| 1D FUTf her!! & n Conparlat i ¥ exanpt ¢ sa8°ary| a9 |
. — o R =]
resi stance teriefllow ol deriThg®hé vas| Al §a r edyce n cogpf e
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[0135] As described above, the epoxy resin conposition for
encapsul ating the sem conductor chip of tlle present invention
provides superior balancing of flowability, nold-releaseability and
sequential 20 noldability, and it is confirmed that an use of such
resin conposition provides a sem conductor device package having
superior resistance to reflow soldering heat. [0136] <Exanple B>
25 (exanpl e [BL31iFollowing raw materials were enpl oyed in exanple bl:
[0137] 52 * Epoxy resin represented by the above formula (4) (phenol
aral kyl type epoxynraewi of tExeiplpshaphenypléneupkel et sepgultbcemeeekiangg in
avai | abl e from N ppon Kayaku Co, Ltd., under the trade nane of
"NC3000P"; hawn@fsefirani fipwpenatgodfl BigeddeffenaTandaiizoxyo ddat vl éat
5 of 273]: 7.36 parts by weight. [0138] * Phenolic resin of the
above- descr ichefli frecmtaa (5% epbphemslinarabkyltivesiar hasdpsylphiegytiene
skel eton) [comercially 10 available from M tsui chemcal Co., Ltd.,
under the tsadécananetef cXiChadlan sebtevddnglpeiontitf, 8%l degriee Carwdalso
hydr oxyl equival ent of 174]: 4.69 parts by weight. [0139] * DBU. 15
0.20 parts hynfieinghtthat fiusedrpplrer healars itproasd eapepaiali pblglability.
dianmeter of 30.0 pn); 87.00 parts by weight. [0140]
Further, no stain was found on the surfaces of the molded product and
the metal mold, so that it is confirmed that an improved mold-
releaseability for the metal meold is presented to of the molded product
10 of the epoxy resin composition, and it is also confixmed that the
compound has an improved resistance to reflow soldering heat.
[G132]
On the contrary, in comparative example al, in which epoxy resin
presented by the general formula (4) and phenolic resin presented by
15 the general formula (6) were not employed, the obtained compound failed
to have lower water absorption and lower stress at higher temperature,
resulting in deteriorated resistance to reflow soldering heat.
(0133]
In addition, in comparative examples a2 and a3, in which (El)
20 oxidized polyethylene wax was not employed, sequential moldability
{productivity) was deteriorated, and further, appearance of the molded
product, stain on the metal mold and resistance to reflow soldering
heat were deteriorated. In comparative example a4, in which blending
quantity of the (E1) oxidized polyethylene wax was insufficient,
25 reduction in mold-releaseability caused deteriorated sequential

moldability and resistance to reflow soldering heat. In comparative

example a5, in which blending quantity of the (El) oxidized



* glycerin trinontanic acid ester; 20 (commercially available from
Clariant (Japan) K K., under the trade Banme of "Licolub WE4",
droppi ng point of 82 degree C, acid value of 25 ng KOH g, nean
particle dianmeter of 45 pm and content of particles having dianeter
of not smaller than 106 pmof 0.0 wt%: 0.10 part by weight. 25
[0141] * y-glycidylpropyl trimethoxysilane; 0.30 part by weight, 53
* 2, 3- di hydpexysraphéralenedr eagentiye, Gudblysartrngoyenes ghre *bledr omn
bl ack 0.30 part by weight. 5 [0142] After mxing the raw material s
| i sted abovenbyrfaséngita menkers artdhen niheedunier dfaltheasired ezbeldct orsu2io
times by using a biaxial roll having surface tenperatures of 95
degree C andnhb sdefyiem Che ardal trhédeafdfere drkestdinabnethekpedded of the
mat eri al sheet was cool ed and then 10 crushed to obtain an epoxy
resi n conpogbid@nor&haraes ey cshfiomedf tFhetloht aresictepox yoresfilow soldering
conposition was evaluated by the nethod simlar as enployed in
exanpl es A. Restilias are sbowwioraceBabl e 4. [0143] 15 (Exanples b2 to
bl5, and Conparative Exanples bl to b8) Respective conponents were
m xed by theoiatjio described in table 4, table 5 and table 6, and
epoxy resin conpositions were obtained in simlar way as in exanple
bl, and eval uati ons ddneseafi vaeseanpbadwet esB iand =9,nilhafhisbyn@dGi nchemical
exanple bl. 20 Results are shown in table 4, table 5 and table 6. The
conponent s cempheyedad rdexarpkesigt heswabhaitexanpiee rbimichipdsd tion was
descri bed as foll ows.

reduced, resulting in deteriorated gold wire deformation ratio.

10 Further, in comparative example a8 and a9, resistance to reflow
soldering heat was also reduced. In comparative example a7, in which
blending gquantity of (G) chemical compound was excessive, reduced
sequential moldability (productivity) was caused by reduction in cure-
ability of the resin composition, and further, stain on the molded

15 product surface and stain on the metal mold surface were confirmed.
[0135]

As described above, the epoxy resin compositicn for
encapsulating the semiconductor chip of the present invention provides
superior balancing of flowability, mold-releaseability and sequential

20 moldability, and it is confirmed that an use of such resin composition
provides a semiconductor device package having superior resistance to
reflow soldering heat.

[01386]
<Exanple B>

25 (example bl)

Following raw materials were employed in example bl:

(0137]



[0144] * glycerin tri melissic acid ester; (having dropping point of
95 degree C, acid value of 30 ng KOH g, ABan 25 particle dianmeter of
45 pa, content of particles having dianeter of not snaller than 106
pmof 0.0 wto). [0145] 54 * glycerin tri behenic acid ester; (having
droppi ng point of 80 degree C, acid value of 15 ng KOH g, nean
particle dianmeter of 45 pm content of particles havi ng di anet er of
not smaller than* Epexpmasinorapraseytedsby (haabove gfgraaia nl4pAghenol
stearic acid ester; (comercially available fromRi ken Vitam n Co.
Ltd., underatdikyirbyhe cpewie resin RakinebiBhergdene [wkolsigndlr ofssrRereihy
of 65 degree C, acid value of 2 ng KOH g, nean particle dianmeter of
45 pm cont eveileble OCyenr ¥insonsKkayavh iep d-bdret BRdwT thettrgdal 1a8e ehan
106 pmof 0.0 w%. [table-4 55 to N mMOOHO OOco NHCOC-
(n to 0 0 ONGBWYOPH reyim softenioglpeintood ¢ degrselh NI FIGBLlent
OO roco00O0 o OLnOOOOOOtoto NHMNMMOOOOO
5 of 273]:
7.36 parts by weight.
[0138]
* Phenolic resin of the above-described formula (5)
(phenol aralkyl resin having phenylene skeleton) [commercially
10 available from Mitsul chemical Co., Ltd., under the trade name of XLC-
4L, softening point of 65 degree C and hydroxyl equivalent of 174}]:
4.69 parts by weight.
[0139]
* DBU:
15 0.20 parts by weight.
* fused spherical silica (mean particle diameter of 30.0 pm);
87.00 parts by weight.
(0140]
* glycerin trimontanic acid ester;
20 (commercially available from Clariant (Japan) K.K., under the trade
name of "Licolub WE4", dropping point of 82 degree C, acid value of 25
mg KOH/g, mean particle diameter of 45 um, and content of particles
having diameter of not smaller than 106 pm of 0.0 wt%):
0.10 part by weight.
25 {0141]
* y-glycidylpropyl trimethoxysilane;

0.30 part by weight,



H tooCo 00000 U toCOO0O0CtomOO0OO0O0O0 aA90cor0
0O oaNLNOOOOOOONWAHNHMBMHOOOOO r H noco
00 o HdOMMHOOOO<OONHM MNOOOOO r0Oco0O0O O
O0000 Oh Nto <=NNNHMOMHOOOOO r 'S 100 mo ot0OmO
OO0 0 0to o O MWNHMOMMOOOOO rao0000wWtoz EHa
|19 ~nto Hto Wto UL OUf 0O raaHOwQwoo 0aakE

* 2,3-dihydroxynaphthalene (reagent)

0.05 part by weight

* carbon black

(.30 part by weight.

5 [0142]

10

15

20

25

After mixing the raw materials listed above by using a mixer,
the mixed material was kneaded for 20 times by using a biaxial roll
having surface temperatures of 95 degree C and 25 degree C, and
thereafter, the obtained kneaded material sheet was cooled and then
crushed to obtain an epoxy resin composition.

Characteristics of the obtained epoxy resin composition was evaluated
by the method similar as employed in example A.

Results are shown in Table 4.

[0143]

(Examples b2 to bl5, and Comparative Exampies bl to b8)

Respective components were mixed by the ratio described in table
4, table 5 and table 6, and epoxy resin compositions were obtained in
similar way as in example bl, and evaluations thereof were conducted in
similar way as in example bl.

Results are shown in table 4, table 5 and table 6. The components
employed in examples other than example bl will be described as follows.
[0144]

* glycerin tri melissic acid ester;

(having dropping point of 95 degree C, acid value of 30 mg KOH/g, mean
particle diameter of 45 um, content of particles having diameter of not
smaller than 106 ym of 0.0 wt%).

[0145]



OOHuOHMOa atotoHzaHHHQaWO0OtowcoHx QO0toto
to o Or1 0tozUOO0OQOOO0OHHOO??4t0 O~CO0OH HHax Wt H
a U U zztotoastoOUOwWO c-nctnaax HNOaF WauU
totoUcoaz 0?2 CQtoaHz ZzaaaCOaUHzazzoOH NN
0O00Oto>00Qwzzto Xzzwui-71 WaMHHHH o wwco ?+
cl maHaaKC<Nto OoHHwWHHww toto0O4 xxtom'aa/l I
awto to a Qw 0 JglMcariontol tehemia eckdesger; | | | | |- . . 56
[table-5] ,~~HNMOMHOOOOO HOOOONOQr H omoo0O
1omy BPdo wpan

H' OO0 0(;:wng ¢groppkhdNroift @O B0 MeNres ¢, 0agid valge iof)
mr O0O0O0OLUOtOBLI NONCOCOOM 0O000O0OO0Oo0moO
g diameter of not

T O
5

particle diameter of 45 pm, content of particles havi
smaller than 106 pm of 0.0 wt%).
5 [0146]

* glycerin mono stearic acid ester;
{commercially available from Riken Vitamin Co., Ltd., under the trade
name of "Rikemal $-100", having dropping point of 65 degree C, acid
value of 2 mg KOH/g, mean particle diameter of 45 pm, content of

10 particles having diameter of not smaller than 106 um of 0.0 wt%).

[table-4}
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r.-1tr400HaHONVO4 HOA QQa wwZZ<0m01zz00HHWOO
HHUXOOHHWOQOMMHHZ ax x BWXHHH ZZWWas Om
OOUllwOHHaawpXaxaHaoxWmmx HQO O HHWU W
wWuUas Z2z QHHzWF., aHzzz aaHHMHHHXXHHHODO
rl1H HaaOHHOZHZH HHOOQWWHQQaOgawzZm X X z
z WOUHI I OWQOHHH 0OO0OWWMmMMmMHHU mlIOmaHHO F Q

U 04 01 x[6d4MOHHI WFCWOWHHW WWa 04 Qwf7 UYNHa U
MmC/7 mmco 0° 58 [0147] In any of exanples bl to bl5, superior .
results were obtaimedyiof exammesopl $pi phl, FrRRyigRdressills wisre obtained in
deformation ratio, so that it is confirnmed that the epoxy resin
conposi ti ontéms ehcapsal stlicnganchech! sene cdriguRigOnNchtEChale &Rat 1t 1is

i mproved flowability, and further it is also confirmed that the
conpound hagorsr ringg rtdrae dthse gp@it irasimepapesitiey forperaaperlatdpgstha n
was found on the surfaces of the nolded product and the netal nold,
so thatSit $enicontictesdchirabaaren ipprsved HoWabilidveamshbirihey #orlst eSO
metal nold is presented to of the nolded product 10 of the epoxy

resin conpostitfiioned gheti the sompasodclors BRnswroed sereendahpiufadhedyan

i nproved resistance to refl ow soldering heat. [0148] On the

contrary, iRugbsparat isteireyxaapfeng| on itgevﬁfﬁréﬁcﬁfﬁ) ogpbyg molded product and

the metal mold, so that it is confirmed that an improved mold-
releaseability for the metal mold is presented to of the molded product

10 of the epoxy resin composition, and it is also confirmed that the
compound has an improved resistance to reflow soldering heat.

[0148]
On the contrary, in comparative example bl, in which no epoxy
resin presented by the general formula (4}, and no phenclic resin

15 presented by the general formula (6), the obtained compound failed to
have lower water absorption and lower stress at higher temperature,
resulting in reduced resistance to reflow soldering heat.

[0149]
In addition, in comparative example b2, in which no (EZ2)

20 glycerin tri-fatty acid ester is employed, sequential moldability
(productivity) was deteriorated, and further, appearance of the molded
product, stain on the metal moid and resistance to reflow soldering
heat were deteriorated. In comparative example b3, in which blending
quantity of the (E2) glycerin tri-fatty acid ester was insufficient,

25 reduction in mold-releaseability caused deteriorated sequential
moldability and resistance to reflow soldering heat. In comparative

, example b4, in which blending quantity of the (E2) glycerin tri-fatty




resin presented by the general formula (4), and no phenolic resin 15
presented by the general fornula (6), thé%9obtained conpound failed to
have | ower water absorption and | ower stress at higher tenperature,
resulting in reduced resistance to reflow soldering heat. [0149] In
addition, in conparative exanple b2, in which no (E2) 20 glycerin
tri-fatty acid ester is enployed, sequential noldability .
(producti vi &g3)d wakerlererédoeassd, andblfugr cheenerlipearameed it fReintertace
nol ded product, stain on the nmetal nold and resistance to reflow
sol dering #hiat maeversdendinotiat edrface ofngwr guiade PEAIRSF eSUsB, thaf stain
whi ch blending quantity of the (E2) glycerin tri-fatty acid ester

was i nsuf f i on e, m@%1r ot tsiiofaden and | daie| @asbabivrfage eaugwdmoided
deteriorated sequential noldability and resistance to reflow .
sol deri ng hpatducknweamnpanfitinee. éxanpie bd realstiained sl sadiqwgsoldering
quantity of the (E2) glycerin tri-fatty 59 acid ester was excessive,
sur pl uss conpesients alepeddiardornttegn i nterface w th nenbers and on the
surface of the cured product, such that stain on the netal nold
surface and([8t®iln on the surface of the nolded product were
confirmed. Further, the resistance to reflow soldering 5 heat was

al so det eri or at edIn [@t5atine corpated bre Tkanpllds b5 whbzh aied (B8, chepical
which no (G chemcal conpound was added therein, flowability of the
resin conposbtpamndwes addetlicedreimesilawabglity détidie oesitne dompsisd gty &as
deformation ratio. 10 Further, in conparative exanple b7 and b8,

resi stance treduceti, ovesudoimteinndetiredorates adlsh wiikel gedamataoe digarat i ve
exanple b6, in which blending quantity of (G chem cal conpound was
excessiWe, Fedueed irseguemtataie roladabs 07t snd plodisstiptandp) toasidansed
by reduction in cure- ability of the resin conposition, and further,
stai n on theohidrded HBtpradadto stadige?d add STwRpREGVet $rarpee 416, ndl ¢vhich

surface were confirmed. [0151] .
blending quantity of (G) chemical compound was excessive, reduced

sequential moldability (productivity) was caused by reduction in cure-
ability of the resin composition, and further, stain on the molded

15 product surface and stain on the metal mold surface were confirmed.
[0151]

As described above, the epoxy resin composition for
encapsulating the semiconductor chip of the present invention provides
superior balancing of flowability, mold-releaseability and sequential

20 moldability, and it is confirmed that an use of such resin composition
provides a semiconductor device package having superior resistance to
refiow soldering heat.

{0152]
<Example C>

25 {example cl)

Following raw materials were employed in example cl:

[0153]



As descri bed above, the epoxy resin conmposition for encapsulating
the seniconductor chip of the present in®éntion provides superior
bal ancing of flowability, nold-rel easeability and sequential 20
nol dability, and it is confirmed that an use of such resin
conposi tion provides a sem conductor device package having superi or
resistance to reflow soldering heat. [0152] <Exanple C
(exanpl e cl) Foll bvﬁQ@@Yrmlﬁfalf@fﬁéqa@e\ﬂeP)é ’féﬁp‘ﬁl'éﬂ}’@df@ﬁ“uéiafﬁdl ép}éﬁml
[0153] 60 * Epoxy resin represented by the above formula (4) (phenol
aral kyl typerapostytynss epotiaveatn biagheh pleknydres ekehston éo Feliplyy
avai | abl e from N ppon Kayaku Co, Ltd., under the trade nanme of
" NC3000P"; aamlna@lgo&no@nmx@opoﬁwak@f CogLiegr seder Aha eperyn&guPyal ent
5 of 273], 7.36 parts by weight. [0154] * Phenolic resin of the
above- descr "Be3D00BY miteari()sof teiegopotabkyd8 Fegrae RadichGPphergrefdent
skeleton [commercially available 10 from M tsui chem cal Co., Ltd.
under the t padd&/Xame of XLC-4L, softening point of 65 degree C and
hydroxyl equivalent of 174], 4.69 parts by weight. [0155] * DBU 15
0.20 part by wei ght36 ppoub6ly weidised spherical silica (mean particle
di aneter of 30.0 pin), 87.00 parts by weight. * Oxidized paraffin
wax No. 1 (H&v¥®4g softening point of 100
* Phenolic resin of the above-described formula (5);
(phenol aralkyl resin having phenylene skeleton [commercially available
10 from Mitsui chemical Co., Ltd., under the trade name of XLC-4L,
softening point of 65 degree C and hydroxyl equivalent of 174],
4.69 parts by weight.
[0155]
* DBU
15 0.20 part by weight.
{015¢6]
* fused spherical silica (mean particle diameter of 30.0 um),
87.00 parts by welght.
* Oxidized paraffin wax No. 1 (having softening point of 100
20 degree C, acid value of 15 mg KOH/g, mean particle diameter of 45 um,

content of particles having diameter of not smaller than 106 pm of 0.0

0.10 part by weight.

*y-glycidyl propyl trimethoxysilane;
25 0.30 part by weight.

*2,3-dihydroxynaphthalene (reagent);

0.05 part by weight.



20 degree C, acid value of 15 ng KOH g, nean particle diameter of 45
pm content of particles having di ametePlof not snaller than 106 pm
of 0.0 wto), 0.10 part by weight. *y-glycidyl propyl
trimethoxysilane; 25 0.30 part by weight. *2,3-di hydroxynapht hal ene
(reagent); 0.05 part by weight. 61 *carbon black; 0.30 part by

wei ght. [0157] After mxing the raw materials |isted above by using
a mxer, 5 the nmiceghomdtléFkal was kneaded for 20 tinmes by using a

bi axial roll having surface tenperatures of 95 degree C and 25
degree C, and tHa3@apzer bytwRicbbt ai ned kneaded material sheet was
cool ed and then crushed to obtain an epoxy resin conposition.

Char acteri st¢i&]lof the obtai ned epoxy resin conposition was eval uat ed
10 by the method simlar as enployed in exanple A Results are shown
intable 7. [0158iterBxEiphethe rew metaridonpastdd deoBBNPIERE12 fTB*ER)
[0159] 15 Respective conponents were m xed by the ratio described in
tabl e %, ttly ei8eanmitenbilevwes lagadephdry #e4imet Sypbsing endiagépe roll
obtained in simlar way as in exanple cl, and eval uations thereof
wer e conduchadrignsusiase| tarpREyCWESSepihI9Byeeptcs @xéaple detreREsuP®S are
shown in table 7, table 8 and table 9. 20 [0160] Conponents enpl oyed
i n exanpl estietvaftehanhe hattained ddeadrshBatayinl Hiechedrs cpetpdaand then

fol |l ows. . .
crushed to cbtain an epoxy resin composition.

Characteristics of the obtained epoxy resin composition was evaluated
10 by the method similar as employed in example A.

Results are shown in table 7.

(0158]

(Example ¢2 to cld, Comparative Example cl to c8)

(0159]

15 Respective components were mixed by the ratio described in table
7, table 8 and table 9, and epoxy resin compositions were obtained in
similar way as in example cl, and evaluations thereof were conducted in
similar way as employed in example cl. Results are shown in table 7,
table 8 and table 9.

20 (01601

Components employed in examples other than that listed above
will be described as follows.

* Oxidized paraffin wax No. 2;
(having softening point of 105 degree C, acid value of 25 mg KOH/g,

25 mean particle diameter of 45 um, content of particles having diameter
of not smaller than 106 um of 0.0 wt%);

* paraffin wax



* i dized paraffin wax No. 2; (having softening point of 105 degree

C, acid value of 25 ng KOH g, 25 nean p&ticle dianeter of 45 pm
content of particles having dianeter of not smaller than 106 pm of
0.0 % ; * paraffin wax 62 (having softening point of 70 degree C,
acid value of 0 ng KOH g, nean particle dianmeter of 45 pm content

of particles having diameter of not smaller than 106 pmof 0.0 wt%.
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%erms of spiral flow and gold wire deformation ratio, so that it is
confirmed that the epoxy resin composition for encapsulating the
5 semiconductor chip has an improved flowability, and further it is also
confirmed that the compound has an improved sequential moldability.
Further, no stain was found on the surfaces of the molded product and
the metal mold, so that it is confirmed that an improved mold-
releaseability for the metal mold is presented to of the molded product
10 of the epoxy resin composition, and it is also confirmed that the
compound has an improved resistance to reflow soldering heat.
[0162]
On the contrary, in comparative example cl, in which epoxy resin
presented by the general formula (4) and phenolic resin presented by
15 the general formula {6) were not employed, the obtained compound failed
to have lower water absorption and lower stress at higher temperature,
resulting in reduced resistance to reflow soldering heat.
[0163]
In addition, in comparative example c2, in which (E3) oxidized
20 paraffin wax was not employed, sequential moldability (productivity)
was deteriorated, and further, appearance of the molded product, stain
on the metal mold and resistance to reflow soldering heat were
deteriorated. In comparative example ¢3, in which content of the (E3)
oxidized paraffin wax was insufficient, reduction in mold-
25 releaseability caused deteriorated seqﬁential moldability and
resistance to reflow soldering heat. In comparative example c4, in

which blending quantity of the (E3) oxidized paraffin wax was excessive,
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surface of the cured product, such that stain on the metal molid surface
and stain on the surface of the molded product were confirmed.
Further, resistance to reflow soldering heat was also deteriorated.

5 [0164]

In comparative examples c¢5, ¢7 and c8, in which no (G) chemical
compound was added therein, flowability of the resin composition was
reduced, resulting in deteriorated gold wire deformation ratio.
Further, in comparative example c7 and c8, resistance to reflow

10 soldering heat was also reduced.
In comparative example c¢6, in which blending quantity of (G) chemical
compound was excessive, reduced sequential moldability (productivity)
was caused by reduction in cure-ability of the resin composition, and
further, stain on the molded product surface and stain on the metal
15 mold surface were confirmed.
[0165]

As described above, the epoxy resin composition for
encapsulating the semiconductor chip of the present invention provides
superior balancing of flowability, mold-releaseability and sequential

20 moldability, and it is confirmed that an use of such resin composition
provides a semiconductor device package having superior resistance to
reflow soldering heat.

[0166]

The epoxy resin composition for encapsulating the semiconductor

25 chip according to the present invention has an improved flowability, an
improved mold-releaseability, an improved sequential moldability and

the like, and additionally has improved characteristics of a cured
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a 66 [0161] In any of Exanples cl to cl4, superior results were
obtained in ternms of spiral flow and gold wire deformation ratio, so
that it is pooett rtedethatutheasepoxyresich revhifesre itonrebow soldering
encapsul ating the 5 sem conductor chip has an inproved flowability,
and furtherheat ksd ahsolilconf Thareforchathe hesipmpowasitHas emn bﬁm@aféaably
sequential noldability. Further, no stain was found on the surfaces
of the nol detblpred st aamterink oot aicapphithtise a wari¢andusterpfhipnaad
that an inproved nold- releaseability for the netal nold is presented
to of the nbhuédrproodantcarbugfort Hevigpokyal dsi Foedpesienrapsulaptd @ i s
al so confirmed that the conpound has an inproved resistance to

ref | ow 50l desningnéiestor il 62th Ghettrsioorimoas it ionncao ipapitviided.
exanple cl, in which epoxy resin presented by the general formula
(4) and phenolic resin presented by 15 the general forrmula (6) were
not enpl oyed, the obtai ned conpound failed to have |ower water
absorption and | ower stress at higher tenperature, resulting in
reduced resistance to reflow soldering heat. [0163] In addition, in
conparative exanple c2, in which (E3) oxidized 20 paraffin wax was
not enpl oyed, sequential noldability (productivity)




was deteriorated, and further, appearance of the nol ded product,
stain on the netal nold and resistance €8 refl ow sol dering heat were
deteriorated. In conparative exanple c3, in which content of the (E3)
oxi di zed paraffin wax was insufficient, reduction in nold 25

rel easeability caused deteriorated sequential noldability and
resistance to reflow soldering heat. In conparative exanple c4, in
whi ch bl endChgiMjuantity of the (E3) oxidized paraffin wax was
excessive, 67 surplus conponents were bled at an interface with
menbers and on the surface of the cured product, such that stain on
the metal nold surface and stain on the surface of the nol ded
product were conflr fedepdRyr témin, coragisst e gor cencebHoMete by die SEREFARERgtor
was al so deteriorated. 5 [0164] In conparative exanples c5, c¢7 and
c8, in whichhiyp (&rlwchegi cal conpound was added therein, flowability
of the resin conposition was reduced, resulting in deteriorated gold
wire deformation (&t iao. efesayt hasrin:in conparati ve exanple c¢7 and c8,
resistance to reflow 10 soldering heat was al so reduced. In
conparati ve exanpl® ebphémolwhixdsibt endi ng quantity of (G chenica
conpound was excessive, reduced sequential noldability (productivity)
was caused by reduCt izonuren acoelerabotity of the resin conposition, and
further, stain on the nolded product surface and stain on the netal
15 nol d surface weble apoifdrmorett: fi01&65] As descri bed above, the epoxy
resin conposition for encapsulating the sem conductor chip of the
present invention(preavindes redegranyorgdndl anci ng of flowability,

nol d-rel easeability and sequential 20 noldability, and it is
confirn®d that an(bse eflaechcurdsig ammposindi on provides a

sem conduct or devi ce package having superior resistance to reflow
sol dering heat. [0366] chemical compound having arcmatic ring that has hydroxyl

groups, each of which is bound to respective two or more adjacent
carbon atoms that composes said aromatic ring,
wherein at least one of said {A) epoxy resin and said (B)
15 phenolic resin contains a resin presented by the following general

formuaila (1):

~ R R R /R X
N
- -
) =
R R R R

L “'n

X

(wherein plurality of R, which are same or different, represent
functional group(s) selected from a group consisting of hydrogen atom
20 and alkyl groups having cne to four carbon(s); X represents glycidyl
ether group or hydroxyl group; and n represents an average value that
is a positive number within a range of from 1 to 3),

wherein said (E) mold releasing agent includes one or more




The epoxy resin conmposition for encapsul ating the sem conductor 25
chip according to the present invention A& an inproved flowability,
an inproved nold-rel easeability, an inproved sequential noldability
and the like, and additionally has inproved characteristics of a
cured 68 product thereof, such as an inproved resistance to reflow
soldering heat and the |ike. Therefore, the resin conposition can be
preferably cenphoyés) aslectet 8rimak forpenermistinzg iodg (Bl)san evrduwd or
chip, and further, a sem conductor device that is forned by

encapsul at i pgleethy$er senduora chiypeniint hritfatresicidcethsssind dR3 L an
be provided. 69 CLAIMS 1. An epoxy resin conposition for

encapsul at i ngidizsdnpamidictwex, @ p, including: 5 (A) an epoxy resin;
(B) a phenolic resin; (C a cure accelerator; (D) an inorganic
filler; (E) a nowereéhessiondrtagent; rel@agF)g agsil éﬁec@li@émdgg'na@@ﬁfﬁomt
and (G a chem cal conpound having aromatic ring that has hydroxyl _
gr oups, 5eachfod. 0thivch tics 1 baiindotlo inedpEsei anctt weldr(Ghrorheragihcempound 1s
carbon atons that conmposes said aromatic ring, wherein at |east one
of said (A cepoiyedes rharmicsat dof B) 01 W 5phedoktt hosbi indoaied nangdhe
resin presented by the follow ng general formula (1): XRRRRX
CH2 \ | CH2tbtdHepoty JreRiR ®RrBowitiwherein plurality of R which are
same or different, represent functional group(s) selected froma
group consi sting of hydrogen atom

2. The epoxy resin composition for encapsulating the
10 semiconductor chip according to claim 1, wherein said {(G) chemical

compound is presented by the following general formula (2):

OH
Rs R1

(2)
R4 R2

R3

(wherein one of Rl and R5 is hydroxyl group, and the other is
hydrogen atom, hydroxyl group or substitutional group other than
15 hydroxyl group, each of R2, R3 and R4 is independently hydrogen atom,
hydroxyl group or substitutional group other than hydroxyl group, or RZ2

and R3, R3 and R4 are combined to form aromatic ring).
3. The epoxy resin composition for encapsulating the
20 semiconductor chip according to claim 1 or 2, wherein said (E) mold

releasing agent is (El) the oxidized poclyethylene wax.

4. The epoxy resin composition for encapsulating the




20 and al kyl groups having one to four carbon(s); X represents

gl yci dyl ether group or hydroxyl group; dAd n represents an average
value that 1is a positive nunber within a range of from1l to 3),
wherein said (E) nold rel easi ng agent includes one or nore 70
conpound(s) selected froma group consisting of (El) an oxidized

pol yet hyl ene wax, (E2) a glycerin tri-fatty acid ester and (E3) an '
oxi di zed paseitifidondugber e WREPTSHLAT sl §1aE) Snovheredl cHOPRY G gLt (0 said
contained in the anount 5 of 0.01 wt%to 1 W % both inclusive, and
said (G chéfceakidmrsonpiyatbylanenvas dedwithinhe wwgamt 6Fow.189 dramed
1 wt% both inclusive, in the total epoxy resin conposition. 2. The
epoxy resi ntecdfodeareenCilotheedpsiifeati ng the 10 seni conductor chip
according to claiml1l, wherein said (G chem cal conpound is

presented by the follow ng general formula (2): OH RS Ri 1 (2) R

"' R2 R3 (wherein one of R and RS is hydroxyl group, and the other

is hyd?ogen atond- Wpdrencdy geouipcowosibsr £oF i BwaPsyiesipd diker t han
15 hydroxyl group, each of R2, R3 and R4 is independently hydrogen
atom  hydr ssydcogdeciproehim s eerding o*ﬁaIClgiI@@pOétﬁe WhekRs BSRTY BRyTicle
group, or R2 and R3, R3 and R4 are conbined to formaronmatic ring).

3. The epoxyizwstien ebrpddi tHlonotisk zeh capyeiatleng Ehel itk condes 6F
chip according to claim1 or 2, wherein said (E) nold rel easi_ng .
agent is (Efyon 8 pritdi Zedrpbbietinglenaenssnd gontrig epdlhy padilfgles having
conposition for encapsulating the 71 sem conductor chip accordi ngl to
clai m 3, wheaeiicldrdbpiehgrpeinedf taiaF larger than 106 um in the total (El}

10 oxidized polyethylene wax is equal to or less than 0.1 wt%.

6. The epoxy resin composition for encapsulating the
semiconductor chip according to any one of claims 3 to 5, wherein acid
value of said (El) oxidized polyethylene wax is within a range of from

15 10 mg KCH/g to 50 mg KOH/g both inclusive.

7. The epoxy resin composition for encapsulating the
semiconductor chip according to any one of claims 3 to 6, wherein
number average molecular weight of said {El) oxidized polyethylene wax

20 is within a range of from 500 to 5,000 both inclusive.

8. The epoxy resin composition for encapsulating the
semiconductor chip according to any one of claims 3 to 7, wherein
density of said (El) oxidized polyethylene wax is within a range of

25  from 0.94 g/cm® to 1.03 g/aw® both inclusive.

9. The epoxy resin composition for encapsulating the




(El') oxidized polyethylene wax is within a range of from 100 degree C
to 140 degree C both inclusive. 5 5. The7époxy resin conposition for
encapsul ating the sem conductor chip according to claim3 or 4,
wherein nmean particle dianeter of said (El) oxidized polyethyl ene

wax is within a range of from20 pmto 70 pun both inclusive, and
content of the particles having particle dianeters of equal to or ,
| ar ger t hans&@i€opdirtion ¢Hie aotaICiNE Ity a0y oxEdez edapet Yethyl eeerpdRr $aid
equal to or less than 0.1 wt% 6. The epoxy resin conposition for
encapsul at i fgl)t beidizer paydtyienechi:p inchuledi erp 0o Eofe onkdledp) ctedpried
3 to 5 wherein acid value of said (El) oxidized pol yethylene wax is
within a rafigen af gfeupnedsis0imy oKOHIY okads@Lng IOV BERE YarcPriuged via
7. The epoxy resin conposition for encapsulating the sem conductor

chi p accor dangpw pregsprenmlghecizaichsn Process; aherdda ohanbekyeileiangewax
mol ecul ar wei ght of said (El) oxidized polyethylene wax 20 is within

a ranges of praincBAOviroa 3HiGO0phEshre nellysenieat §on Phecegsoxing édi pride of a
conposition for encapsul ating the sem conductor chip according to

any one of bigh men8ityopdlyanhgteienpotasgity of said (El) oxidized

pol yethylene wax is within a range of 25 fromO0.94 g/cn8 to 1.03

g/ cnB both inclusive. 9. The epoxy resin conposition for

encapsul ating the 72 sem conductor chip according to any one of
claims 3 to 8, whedeiThesmicdy (dEip oxipdsreidnp&by enpgpardetirx thacl udes
one or nore oxide(s) selected froma group consisting of: an oxide

of a pol yet bghsmadweborprivgueedondiag o Icéaimprless it e whersimesaitht(Ebmold
process; an oxide of a polyethylene wax 5 produced via a high

pressui® polyhexdinatagent prod88s;a ghyceninokiiddatiy acifigfiedensity

pol yet hyl ene pol ynmer. 10. The epoxy resin conposition for

encapsul ating the sem conductor chip according to claim1 or 2,
wherein said (E) nold 10 releasing agent is (E2) a glycerin

tri-fatty acid esl®r The epoxy resin composition for encapsulating the

semiconductor chip according to c¢laim 10, wherein a dropping point of
said (E2) glycerin tri-fatty acid ester is within a range of from 70

15 degree C to 120 degree C both inclusive.

12. The epoxy resin composition for encapsulating the
semiconductor chip according to claim 10 or 11, wherein mean particle
diameter of said (E2) glycerin tri-fatty acid ester is within a range

20 of from 20 um to 70 um both inclusive, and content of the particles
having particle diameters of equal to or larger than 106 pm in the
total (E2) glycerin tri-fatty acid ester is equal to or less than 0.1

wi%.

25 13. The epoxy resin composition for encapsulating the
semiconductor chip according to any one of claims 10 to 12, wherein

acid value of said (E2) glycerin tri-fatty acid ester is within a range



11. The epoxy resin conposition for encagsul ating the sem conductor
chip according to claim10, wherein a drdgping point of said (E2)
glycerin tri-fatty acid ester is within a range of from70 15 degree
Cto 120 degree C both inclusive. 12. The epoxy resin conposition for
encapsul ating the sem conductor chip according to claim10 or 11,
wherein nmean particle dianeter of said (E2) glycerin tri-fatty acid
ester is w Phifrom tQmgeKRD dotofi oy 2PHieh pd-h7BneHsEBEh i ncl usi ve, and
content of the particles having particle dianeters of equal to or

| arger than 106 pmin the total (E2) glycerin tri-fatty acid ester
is equal to or less than 0.1 O wt% 25 13. The epoxy resin
conposition for ehtafbaleroxpgradie ceersebituéedereaPplateet difig to
any one of clainms 10 to 12, wherein acid value of said (E2) glycerin
tri-fatty aeedimesthertdrschin kicaordinanie ang onst of remine Yy tRCGH gVE/Fs30
mg KOH g both inclusive. 14. The epoxy resin conposition for

encapsub at i Bgi¢ h&2) selvicevid et ofatehi prisdcestadi A5 3 GransstEeleCEOENAITs
10 to 13, wherein b5 said (E2) glycerin tri-fatty acid ester is a
tri-ester cohpornd ofd ghyeeated watdvsacisr baedas af the 48i eRRaviHgT24 to
36 carbon atons. 15. The epoxy resin conposition for encapsul ating
the sem conductor chip according to claim1l or 2, wherein said (E)
mold 10 rel easing agent is (E3) an oxidized paraffin wax. 16. The
epoxy resin conposbtithe EmmvenesipsoPaoShgiarhéor seRpoRaiéndrthehi p
according to claim 15, wherein softening point of said (E3) oxidized
par af fi n waweinscanduhior shimmgeordingr bincrolddgprsel CWheERpsaD Fegree
C both inclusive. 17. The epoxy resin conposition for encapsul ating
the séfi comdleasingcidqrtate ofdi my reidizefinpasisin F6X-wherei n mean
particle diameter of said (E3) oxidized paraffin wax is within a
range of from

16. The epoxy resin composition for encapsulating the
semiconductor chip according to claim 15, wherein softening point of
said (E3) oxidized paraffin wax is within a range of from 70 degree C

15 to 120 degree C both inclusive.

17. The epoxy resin composition for encapsulating the
semiconductor chip according to claim 15 or 16, wherein mean particle
diameter of said (E3) oxidized paraffin wax is within a range of from

20 20 um to 70 pm both inclusive, and content of the particles having
particle diameters of equal to or larger than 106 um in the total

oxidized paraffin wax is equal to or less than 0.1 wt#%.

18. The epoxy resin composition for encapsulating the
25 semiconductor chip according to any one of claims 15 to 17, wherein
acid value of said (E3) oxidized paraffin wax is within a range of from

10 mg KOH/g to 50 mg KOH/g both inclusive.




20 20 pmto 70 pm both inclusive, and content of the particles having
particle dianeters of equal to or Iarger7ﬁhan 106 pmin the total
oxi di zed paraffin wax is equal to or less than 0.1 wt% 18. The epoxy
resin conmposition for encapsul ating the 25 sem conductor chip
according to any one of clainms 15 to 17, wherein acid value of said
(E3) oxidized paraffin wax is within a range of from 10 ng KOH g to
50 ng KOH/ g both inclusive. 74 19. A sem conductor device, provided
by encapsul ating a sem conductor chip with the egoxy resin .

conposi tion for ehtapsSATECPRYICIOR I RECAFGUEISSY PEHNAREEIGHAPAG t o

any one of clainms 1 to 18. _ . .
semiconductor chip with the epoxy resin compositicn for encapsulating

the semiconductor chip according to any one of claims 1 to 18.



