- 1+ LI QUI D EPOXY RESI N POTTI NG MATERI AL TECHNI CAL
FI EUD OF THE | NVENTI ON° The present I nvention relates to a
li qyid epoxy resin potting material which is used for potting

sen1¢gnductors 5 PRI OR ART The | ower @Eﬁ%ﬁzgg?zjg r
i ntegration trends I n sem conduct or packagi ng have cl ng
packagi ng formused fromthe conventional transfer Q%ﬁa

(dual inline package) to COB (chip on board), PPGA 10 (p|a§tIC pin gyid
array), and the like. Aliquid potting material is used for potting the
PPGA-t ype sem conductor, but it is not satisfactory in reliability
conpared to a ceram c-based hernetic potting type. The causes for this
i nclude, for exanple, noisture 15 penetrating through the
package-fabricated organic printed-cir€uit boards. Moreover, unlike
transfer molding DIPs, a liquid potting material under no

LIQUID EPOXY RESIN POTTING MATERIAL
TECHNICAL FIELD OF THE INVENTION
The present invention relates to a liguid
epoxy resin potting material which is used for potting

semiconductors.

S PRIOR ART
The lower cost and higher integration trends

in semiconductor packaging have changed the packaging
form used from the conventional transfer molding DIP
{dual inline package) to COB (chip on board)}, PPGA

10 ({plastic pin grid array), and the like. A liquid
potting material is used for potting the PPGA-type
semiconductor, but it is not satisfactory in reliability
compared to a ceramic-based hermetic pottiné type. The
causes for this include, for example, moisture

15 penetrating through the package—fabricated organic
printed circuit boards. Moreover, unlike transfer
molding DIPs, a liquid potting matérial under no
pressure, when allowed to flow and be molded, results in
residual gas bubbles which lead to cracks when subjected

20 to thermal stresses. Furthermore, when the potting
material has a different coefficient of linear expansion
from that of the semiconductor chip or the organic

baseboard, a delamination occurs at the interface when



pressure, when allowed to flow and be nolded, results in resi dual gas
bubbl es which |l ead to cracks when subjected 20 to thernmal stresses.

Furt hernore, when the potting material has a different coefficient of

| i néar expansi on fromthat of the semZonductor chip or the organic
baseboard, a del am nation occurs at the interface when

- 2- subj ectadyjected: hor mnkthermadsstopssh whisih ifiagtiddtatesnpi sture
penetration. . OBJECT AND SUMVARY OF THE | NVENTI ON

| nt ensi ve st udpodstirgapengtsatyenshe prior 5 art problens has led to the
finding that a conposition conprising a specific epoxy resin, aromatic
di am ne, and el astoner, along with an inoganic filler, provides a
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epoxi di zed pol yim3dis30g a28PetPkiB8Nepoxy resin, aromatic diamine, and

elastomer, along with an inoganic filler, provides a

potting material with substantially improved semi-
conductor reliability in an accelerated test such as the

10 PCT (pressure-cooker test) or T/C (cold-heat cycle
test), and the like, resulting in the present invention.

The present invention provides a liquid epoxy
resin potting material mainly comprising (A} a liquid
epoxy resin, (B) a liquid alkylated diaminodiphenyl-

15 methane, (C) an epoxidized polybutadiene, and (D) an
inorganic filler, wherein the ratios of the individual
components in weight ratios are:

(B)/[(A)+(B)] = 0.65 - 0.80
(C)/{(A)Y+(B)] = 0.0 - 0.05
20 and
{(D}/[(R)+(B)+(C)+(D)] = 0.50 - 0.80.
This potting material can substantially improve the
reliability of the PPGA-type semiconductor that uses an

organic printed circuit board.

25 DETAILED DESCRIPTION OF THE INVENTION

At least 50% by weight of the liquid epoxy



inorganic filler, wherein the ratios of the individual

conponents in

wei ght ratios are: (A/[(A)+B)] =0.65 - 0.80
(/[ (A+(B)] =0.01 - 0.05 20 and (D/[(A+HB)+(O+(D] =
0.50 - 0. 80. This potting material can3saobstantially inprove the

reliability of the PPGA-type sem conductor that uses an

organic printed

circuit board. resinpepmpoEenbEssEl AM dhieE inventivrnpreferably has a At
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viscosity of the.co Wi i ncr,

; SoTDO i tion Ié 5, ase,. tendi ng _to.entrain, gas
bubbl es or to n8tS¢° 1?8#5?8{‘%w he | yigeesity o tRE sqERSS léﬂnt“fé::‘gPGA
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an E-type vi sconet er~ (manuf act angyo

[err]Cif

package is potted by allowing the liquid potting

material to flow, leading to undesirable decreases in

reliability. The method for measuring the wiscosity of

10 the epoxy resin involves a measurement using an E-type

viscometer (manufactured by Toki Sangyo KK} at 25°C if

the sample is liquid at room temperature, and a

measurement at 150°C using a high temperature cone plate

viscometer if the sample is solid at room temperature.

15 Any epoxy resin can be used as long as it

meets the above requirements and these are not

particularly limited, but they are specifically, for

example, bisphenol-A diglycidyl ether-type epoxy resin,

bisphenol-F diglycidyl ether-type epoxy resin,

20 bisphenol-S diglycidyl ether-type epoxy resin,

3,3',5,5'-tetramethyl-4,4'-dihydroxybiphenyl diglycidyl

ether-type epoxy resin, 1,6-dihydroxynaphthalene

diglycidyl ether-type epoxy resin, phenol novolak-type

epoxy resin, cresol novolak-type epoxy resin, brominated

25 bisphenol-A diglycidyl ether-type epoxy resin,

brominated cresol novolak-type epoxy resin, and the

like, which may be used singly or in mixtures thereof.



the sanple is liquid at roomtenperature, and a measur enent at

150[ err]C using a high tenperature cone plate vi sconeter if the sanple
is solid at roomtenperature. 15 Any epoxy resin can be used as
long” as it nmeets the above requirenent4 and these are not

particularly limted, but they are specifically, for exanpl e,

bi sphenol - A di gl yci dyl etBee-1 iqeldpodyy ragsidh diaminbdsphenpglnéthangéyci dyl
et her-type epoxy resin, 20 bisphenol-S diglycidyl ether-type epoxy resin,
3,3 ,5,5 -tetraneefyindthis. inngat byybiperddaniingdiphepy lnethapehehergpe
osih, | phenol - havoakoF ypETe Of SherrdEagen AkaRSok 508! RROESPE EROSY
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which tends to gbb2k8 §28Sto not completely fill to the corner edges
when the package is potted by allowing the liquid
10 potting material to flow in, leading to reduced
reliability.
Any of alkylated diaminodiphenylmethanes which
satisfy the above requirements can be used with no
particular limitation and they are specifically, for
15 example, 3,3'-diethyl-4,4'-diaminodiphenylmethane,
3,3',5,5'-tetramethyl-4,4'-diaminodiphenylmethane,
3,3',5,5"'-tetraethyl-4,4'-diaminodiphenylmethane, and
the like, which may be used singly or in mixtures
thereof.
20 It is preferred for the compounding ratio of
the liquid epoxy resin (A) and liquid alkylated diamino-
diphenylmethane (B) by weight to be in the range of
(B)/[(A)+(B)] = 0.65 - 0.80., If the ratio (A)/[(A)+(B)]
exceeds 0.80, this results in an increased number of
25 unreacted epoxy groups, which decreases the heat
resistance such as the glass transition temperature and

the like, and which causes an undesirable reduction in

reliability in the cold-~heat cycle test. On the



bubbles or to not conpletely fill to the corner edges when the package
Is potted by allowng the liquid 10 potting nmaterial to flowin, |eading
to reduced reliability. Any of al kyl at ed

di ani nodi phenyl et hanes whi ch sati sfy Hhe above requirenents can be
used with no articular limtation and they are specifically, for 15
exanpl e, 3,3’ -dPEﬁﬂ?lhin@J i gat e e a5 Henaot preferred due to

3,3 ,5 5 -tetra 4, 4' -di am nodi phenyl net hane, _
3,3 ,3,5,5'-teta§ %9!53@ LOFRSS kbR pﬁ%m?etqs?a\@@m&hen- the like, which
may be used singly or in Xt ur es t here _ It is .
preferred for the corrpoun"gi%‘?lgeﬁ’%ﬁ’r%”tﬁd Pﬂy&‘iéafillﬁﬂﬁd(ﬁbo%‘?e@e’s‘i;nt*(% ﬁnd
liquid aIkyIate? ? | met han B). by wei to, be in the
range of P %iﬁ?gﬁrejﬁr r%‘%(? yn eayﬁiéﬁge(ﬂ?;f?%}i’(' B)]
exceeds 0.80, t sukt [ se r e EPOXY
groups, whi ch5 dggfs' ggeés;lftﬁebﬂo EFJCddr?ﬁf(;‘m &tglr%{c%g%suckreggfggé ?é

Lransition temppealuse efgh 1,080'%dd k& ﬁr&c\ef@a@.@dcemémgw &S' rabl e
reduction in reltability I'n the col d-heat cycle test t he
other hand, a reffecbevBil®. #H51éveNUxdded 9y &) 0d0eihBreases the
viscosity and decreases the workability, which is not
preferable. The epoxy group content {moleg fraction
10 incorporated into the main chain) is preferably 3% to
10%. A mole fraction less than 3% is not preferred
because the epoxidized polybutadiene will lack
compatibility with the liquid epoxy resin (A), while a
level exceeding 10% is not preferred because this will
15 result in epoxy group's cross-linking with a hardening
agent, and failing to take on a "sea-island" structure
with no prospect of reducing stress, thereby reducing
the flexibilizing effect. Using the epoxidized
polybutadiene (C) in the range of a compounding weight
20 ratio of (C)/[(A)+(B)] = 0.01 - 0.05, provides a
relaxation effect against thermal stresses, which occur
during the cold-heat cycle test. A ratio less than 0.01
is not preferred due to a meager effect of improving
stress relaxation, nor is a level exceeding 0.05
25 preferred, because that will give a cured product with a
decreased glass transition temperature, a rise in
composition viscosity, and a reduced compatibility, and

cause a blooming to the surface of the cured product,



decreased storage life for the conposition. The epoxi di zed

pol ybut adi ene (C) used in this i nvention preferably has a nunber

aver age nol ecul ar 5 weight of 1,000 to 5,000. It is not preferred for it
to ~ be less than 1,000 due to a decreaséﬁ'TIeX|b|I|2|ng effect while
a | evel exceeding 5, 000 |ngge ses V|5005|ty and decreases the

wor kabi lity, which is not BPEﬂéPhﬁlﬁli#%% >§P%#ﬁ§ﬁ§ Hﬁggn: (nnle?%/
[ era %to %
A ol e fracti BECOQrE%%?‘L%%Y%&a?&En%tQE Hipdrrand tre Hker ti%ésepoxidi zed
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[ t, d
o ling Lot aks S HRel TRATPBUETS ?ﬁ’a%%*?aef ng*@fﬁﬂ%& FFBREE of
o en " S prienaan 180659, to pLARIL| B ANIAL Y GaEgets 1O 11O

epoxi di zed pol ybut e range o conp ndlng wei ght 20
ratio of (O)/[ (AR of ¢ifier Qoo§ed9&t9vtl‘ij@5cc?effwlr 063 19Reghf ect

agai nst thermal stresses, which occur during the col d-heat cycle test.

Aratio |ess thaxpandion. s ast PPELEEF 6@ UESIEHO imITRAGAL inﬁ%E ¢b)
| mprovi ng stress relaxation, nor is a |evel exceeding 0.05

preferred, becau&eathaughmlbogpuandlngrtahim(xhuﬂe\Mﬂlthk rangéeﬁfeased
glass transition tenperature, a rise in conp03|t|on viscosity, and a
r educed conpatlHﬂ)/ﬂyA)am§)+(C)+(D)] = 0.50 - 0.80. A level below 0.50
10 is not preferred because of its small effect of reducing
the coefficient of linear expansion, nor is a level
exceeding 0.80 preferred, because it will increase the
viscosity of the composition, thereby decreasing
workability. 1In general, a small-particle-size filler
15 increases the viscosity of the resin composition,
resulting in decreased flow and in gas bubble entrain-
ment and insufficient fillings. On the other hand, a
large-particle-size filler tends to undergo a sedimenta-
tion, which results in nonuniform filler distribution.
20 The nonuniform filler distribution will give portions of
the composition with different coefficients of linear
expansion, and top portions having lower amounts of
filler tending to experience more crack formation. If
the largest particle size is greater than a wire
25 interval, there will be a tendency to insufficiently
£ill underneath the wires and a short-circuiting problem

due to wire distortion.



cause a bloomng to the surface of the cured product.

- 6- The inorganic filler (D) includes fused silica,
crystalline silica, and the like. It is avai lable, in general, in
spherical form ruptured form and th#é ti ke, but a spherical form

filler is nost 5 preferred in order to permt incorgorating a |large
amount of filler to redude sty e ftihe eay 60 Bphvarthe abeypprollemgt s
preferred for the inorganic filler (D) in a weight conmpounding ratio
to be in the rafg® Bed to the)finding phatcreppppndipgsa) @, sphenifal el
bel ow 0.50 10 is_not preferred because of its small effect of reducing
the coeffici entSbFi¢d nebran,@eakadh Pardicle gipevef 0.1 -3l RPD.B0

f d, b dt Wil th ' it f t ition,
Phor by decr cachRgLmim BREFAEER | 3192 TGF gOREr SPanalbnlir- 338115l Ao ze
fill 15 i ' it f th ' L1i | ti
i n decreased ™t | SONSRHTD ShE BTN dR ATARARe pareRRTbLAg Phcter i ifene
fillings. On Ur;gmoéi?&ra RO midin rti{]&reg%"%r hbg! ﬁb?ézﬁlgéh' Jsfh‘ufxeaf@sato
undergo a sedi nent a- trony ich results n nonunrtformftiller

di stribution. ggi%p@ PRRLRi dor a ¥ 1 ddar st ighdsi angush | egieeporti ons of
the conposition wih different coefficients of |inear expansi on, and
top portions haghpgréeyesén apPddintintation without losing flow
characteristics. Any silica which satisfies these
10 requirements can be used without limitations. Each of
(a) and (b) may be used singly or in blends of two or
more kinds.
The particle size distribution and average
particle size were measured by a laser-type method
15 (Horiba LA-500), where the average particle size was
based on a median size.
The liquid potting material of this invention,
as needed, in addition to the above essential components
may contain other resins, a catalyst for promoting the
20 reaction, a diluent, a pigment, a coupler, a leveling
agent, a defoamer, or the like. The liquid potting
material is prepared by dispersing and kneading each of
these components and additives and the like, using a

three-roll mill followed by vacuum-defoaming.

25 EXAMPLES OF THIS INVENTION
The present invention is now specifically

described by the following examples of this invention:



filler tending to experience nore crack formation. If t he | ar gest

particle size is greater than a wire 25 interval, there will be a
tendency to insufficiently fill underneath the wires and a
short-circuiting problem due to wire-dBstortion.

-7- A study of the way to solve the above probl ens has
led to the flruﬁXQPHlﬁulconpoundlng (a) a spherical silica of an
average particle size of 0 1-3.0ferr]mand a maxji mum particle size
not nore than 10 [err]m TR faghloyings iagrepients svere Lispensead ande

particle size of err]m.and ,a_maxi_nmum particle size not nore
than 50 [err] ml&qea&ie& on vﬁalﬂ{ﬂeer‘aﬁqlé Wléa?}’(iaya?lét)“]“defp@ﬁ &P st ¥habl es
suppr essi on of s

t t hout t t Al
silica which saﬁeﬁ Q%JS ?%I%QS’& %%é’ﬁ’&éh\ggf‘@kﬁﬁﬁabe ui%%r%qmn 5. Ay

two or | BorPufpiesin Bt Wk Ky 5l iBed £ 2ofia Bt on and
DA500), uher o Tharaty; ase el otk ifel BOF chyde MBI 0 o6,
The liquid pottiggreais®ididle A deMitondu@tbrOBackage. The following
methods of evaluation were used to confirm the delamina-
tion, if any, between the semiconductor chip and print
10 baseboard; the presence, if any, of cracks; and filler

sedimentation, and the results are given in Table 1.

s Bisphenol-F-type epoxy resin: 100 parts by weight
(Epoxy equivalent 161; viscosity at 25°C, 1.5
Pa-s)
15 o 3,3'-diethyl-4,4'-diaminodiphenylmethane: 40 parts by
weight
¢ Epoxidized polybutadiene: 6 parts by weight
(Number average molecular weight: 1800; epoxy
equivalent 250)
20 & Spherical fused silica (1): 340 parts by weight
(Average particle size 6 um; maximum particle
size 48 um)
* Bpherical fused silica (2): 40 parts by weight

{(Average particle size 0.5 um; maximum

25 particle size 2 um)
s Composition viscosity:

E-type viscometer, 2.5 rpm, 25°C



as needed, in addition to the above essential conponents may contain
other resins, a catalyst for pronoting the 20 reaction, a diluent, a

pi gnent, a coupler, a leveling agent, a defoaner, or the like. The
liquid potting material is prepared-by & spersing and kneadi ng each of
t hese conponents and additives and the like, using a three-roll mill

fol | onwed by vacmuBadef ofnEadling2EnExXApatiEmyed: TH S | NVENTI ON

The present invention is nom/specificalhy descri bed by the foll ow ng
exanpl es of this inventioBhe sample was dispensed into a PPGA package

Exanmple 1 The follow ng ingredients were dispersed and
kneaded on a thPEeBpﬁpltﬁiFPnﬁhHmvE%%uﬂQQégﬁkﬁﬁu9ﬁ(f%%L#@Q in shej qui d epoxy
resin potting natetLaI. The,resultant 5 epoxy resin potting material was
used to pot a PPBALIt1es acRipetes latfkd by oven-curing for three hours at

165[err]C to gi geggaég%nmggaggf%%%@% .e.%'g\re Jr%l I %wi ng met hods of

eval uation wereu ( ton, if any, between the
oot LR HoBRhR ot PRaRP R Wi e, LT A, o
(2) PCT (pressure cooker test) treatment at 125°C/2.3
atm for 168 hours
{3) T/C (cold-heat cycle test) treatment under
10 -65°C/30 minutes «— 150°C/30 minutes, 1,000
cycles
After subjecting the above sample to the above
conditions (1), (2) or (3) separately, the delamination
between the semiconductor chips and print baseboard and
15 crack formation were confirmed using scanning acoustic
tomograph (hereinafter abbreviated as SAT).
s Filler sedimentation:
A cured package was cut across and observed
for the cross-section using a scanning electron
20 microscope (hereinafter abbreviated as SEM) to measure
the extent of sedimentation from the top of the cured
product.,
The sample of Example 1 showed no delamination
or cracks but slight filler sedimentation, which
25 indicates good reliability. The number of packages used
for each evaluation were 10. The results are summarized

in Table 1.



[err] Bi sphenol-F-type epoxy resin: 100 parts by wei ght

(Epoxy equi val ent 161; viscosity at 25[err]C, 1.5 Pa.s) 15 [err]

3,3 -diethyl-4,4"-di am nodi phenyl met hane: 40 parts by wei ght *
Epoxi di zed pol ybut adi ene: 6 parts by weight0 - (Nunber average
nol ecul ar wei ght: 1800; epoxy equi val ent 250) 20 * Spherical fused
silica (1); 340E§§WP§eBy2mé|ght (Average particle size 6
[err]m maxi mum_partic [err]m [err] Spherical fused
silica (2): 40 gpp§r5§1ﬁ5,§ﬁ§mples 1=6 (Average particle size 0.5

\[/:ag(r:]og} t;n:am mum - 25 .par.tléi?gwsbéz %2}&) %& Pf%lp”ﬁnf"]a*égfggi?d%gg
ipensod 1115 PRSI B ot AR L 3
el o St on B CZFSRECEOF! 88175 LAY, Cnaliline ke Lo hgoie
(2) PCT (pressuiean@okghibes}) thé LS yailt iingl 4N PPLY Padkage to
evaluate the reliability of these samples. The results
are given in Tables 1 and 2.
The following ingredients were used in Example
10 1 and other examples:
¢+ Bisphenol-F-type epoxy resin: {manufactured by
Dainippon Ink Kagaku Kogyo KK, EXA~830LVP, epoxy
equivalent 161; viscosity at 25°C 1.5 Pa.s)
e Bisphenol-A-type epoxy resin: (l): (manufactured by
i5 Dainippon Ink Kagaku Kogyo KK, EXA-850CRP, epoxy
equivalent 171; viscosity at 25°C 4.5Pa-s)
e Bisphenol-A-type epoxy resin: (2): (manufactured by
Yuka Shell Epoxy KK; Epikote 1001, epoxy equivalent
470, solid)
20 s« 1,6-dihydroxynaphthalene-type resin: (manufacture by
Dainippon Ink Kagaku Kogyo KK, HP-4032D, epoxy
equivalent 140, viscosity at 25°C 25 Pa.s)
e 3,3'-diethyl-4,4'-diaminodiphenylmethane;
(manufactured by Nippon Kayaku KK, Kayahard A-A)
25 e+ 3,3'-5,5'-tetramethyl-4,4'-diaminodiphenylmethane;
(manufactured by Nippon Kayaku K.K., Kayabond C-200)
. Epoxidized.polybutadiene: (manufactured by Nippon

Sekiyu Ragaku KK, E-1800-6.5, number average



atm{for 168 hours (3) T/C (cold-heat cycle test) treatnent under 10
-65[err] /30 mnutes [err] 150[err]C/ 30 m nutes, 1,000 cycl es
After subjecting the above sanple to the above conditions (1), (2) or
(3) separately, the del am nation berwkdn~t he sem conductor chips and
print baseboard and _ 15 crack formati on were confirnmed using scanni ng
acoustic t onmIPRA Yate ma gkt 808bbepexst equivabamy 250) [err] Filler
sedi nent ati on: A cured package was cut across and observed
for the cross-s8ctIRLGHy Bsed #iligacdder bRanpbaetered Rip Ogkdr ei naf t er
abbreviated as SEN)_to asur%' t%e extent of sedinpentation fromthe
top of the cured *gaky @ KK, FB-30, averagepathhple skzecbmfie 1

showed no del am nat.i.on oripracka but, slight filler sedinentation, which
25 indicates good TEHHE BALF1CHEe SHEREP P packages used for each

oyt on 181 o A R ST el b acnaces
KK, S50-25R, average particle size 0.5 um, maximum
particle size 2 um)
* Spherical fused silica (3): (manufactured by Admatex
KK, 80-32R, average particle size 2.0 um, maximum
10 particle size 8 um)
* Spherical fused silica (4): (a blend [weight ratio
1:1] of the above spherical fused silicas (2) and
(3); average particle size 1.0 um, maximum particle
size 8 um)
15 e Spherical fused silica (5): (manufactured by Denki
Kagaku Kogyo KK, FB-25S, average particle size 17.0

um, maximum particle size 75 um)



Liqui d epoxy resin potting materials were

to that of Exanple 1,

Tabl e 1 and

5 except for
Tabl e 2,

obt ai ned in a manner
usi ng the conpoundi ng reci pes shown in

the Teliability of these sanples. The reSull@s-

and 2.

and ot her exanpl es:

The follow ng ingredients were used in Exanple
[err] Bi sphenol TABL

t hereby potting the PPGA package to

eval

simlar

uat e

are given in Tables 1

epoxy resin:

10 1

(manuf act ured

by Dai ni p
equi val ent 161;
epoxy resin: (1)

[err] Bisphenol -
Epoxy KK; Epi kot
1, 6-di hydr oxynap
Kagaku Kogyo KK,
25[err] C 25 Pa.s

(manuf act ured by 3§

Ni ppon Kayaku K.
(manuf act ured byj

on T NK Kagakuo Kogyo KK, EAA-SJULVPE%aﬁ s
Fiscosity at 25[err]C 1. 3 Pa-3) Ferr " Bisphenal - A7t ype
- (manufactured by 15 Bai ni Poon 13k | Kdgaku Kogyd KK,
EXA- 850CRP, epox ompound Ivalent 1/71;fviscpsityjat Zd[errjC 4. %Pa.’s
agggeg&ggéﬂgﬁg)n. (2): (manuyf act ired by yuka $hel
10Q1 pQxy eggivalent 470, solid) |20 [err]
> %éyrp SROXE manufoac| wos by oo Dot pps0 | nk
P-"4032D, epoxy equi val ent { 140, |vi scopsi ty|at
BlSPhﬁ?Qiﬁﬂ'txpﬁ epoxyhy| - 4, 41 - di afri nod{ phgny! met hane;
J@ayaku KK, Kayahard A{tA) 25 [err]

3,3 -5,5" -t et r angl f61d iyl rodkiyaaiphatiapheny| nmet hane; (manuf a¢t yred by
K enaechymso epoRy20@ein [err] Epoxidizeéd polybut adfeng:
NPpPALethyl-4,90ki yu Kagaku KK, E;180016,5, | nunber average
diaminodiphenyimethane 4H 40 gg 37 32 43
3,3'-5,5'-tetramethyl-
4,4'-diaminodiphenyl- 5
methane
Epoxidized polybutadiene| 6 6 6 6 6 6
Spheyjieal fused silica | 340 | 230 | 230 | 340 | 300 | 260
Spherical fused silica 40 | 160 40 110
Spherical fused silica 80

(3)
Spherical fused silica
(4) 160
Physical Properties
Composition viscosit
(Pa's) y 20 | 17 [ 18 | 30 | 19 | 35
Ease of package filling [good |good [good [good | good {good
Delamina- | After Curing 0 0 0 0 0
tion | pfter per o | oo | ol o
After T/C 0 0 0 0 0
After Curing 0 0 0 0 0 0
Cracks | after per o | o[ o] o oo
After T/C 0 0 0 0 0 0
Fill di tati tore | mors
iller sedimentation more more
(um) 24 tﬁﬁn than| 20 | 10 5
3




nmol ecul ar wei ght 1800, epoxy equival ent 250) * Spherical fused silica
(1): (manufactured by Denki Kgaku Kogyo KK, FB-30, average particle
size 6 [err]m maxi mum particle size 48 [err]m 5 * Spherical
fused silica (2): (manufactured by Admat ex13 - KK, SO 25R, average
particle size 0.5 [err]m maxi num particle size 2 [err]m *
Spherical fused silica (3): (nanufactL”(ﬂ£H¥F Admat ex KK, SO 32R,

average particl g stze Z-0ferrimmaximopm—10 T
* Spherical fuseld silica (4): (a blend [APlghcqu'igkl% “E3h S}E f thg
above spherical jfused silicas (2) and 1 {32 pveragedpa tiscl ¢ & z¢ 1.0

[err]m rmaxi num Qin SIiZE€E B [ €IT] IS5 Sphertcat—fused silica
(5): (manufactur %éﬂ&yiqgelic Kagaky Kogyo KK| FB-RS5S, average

particle size 17,

maxi mum particle|[size| 75 [err]m

TN ?;§?§9n01' -t eTEBEEYl 100 | 100 | 100 | 100 | 100 | 30
Exanpl es Bisohenolea p B a ) 3]
sphenol-A-type e ox
res?n (2) P poxy 70
3,3'~diethyl-4,4'-
dlamlnodlphenylmethane 40 40 40 40 40 40
Epoxidized polybutadiene| 6 6 6 6 6
Sph(elr)ical fused silica 380 420 230 110 340
Spﬁ%sical fused silica 280 | 160 | 260 40
Spherical fused silica
(5) 380
Physical Properties
Composition viscosity 30 120 17 | 130 | 27 | 125

(Pa-s)

Ease of package filling |good|poor |good|poor |good [poor

Delapina- After Curing 0 - 0 - 0 -
tion | after per o | -8} -0 -
After T/C 3 - 0 - 4 -
After Curing 0 - 0 - 0 -
Cracks | after pcT o | - | 3| -] o | -
After T/C 5 - 0 - 8 -
Fill di tati or:

iller sedimentation - |morel| _ _

(um) 80 than 100




Compoundi ng (parts by wei ght) Bisphenol -F-type epoxy 100 100 100

100 50 resin Bisphenol-A-type epoxy 100 resin (1)

1, 6- di hydr oxynapht ha- 50 | ene-type epoxy resin
3,3 -diethyl-4,4" - 40 40 40 8714 82 43 di ami nodi phenyl net hane
3,3 -5,5 -tetranethyl- 4, 4' - di am nodi phenyl - 5

met hane Epoxi di zed pol ybuR&diéhustpatedpin thee abaye Exgmples Sphefbical
fused silica 340 ,230 230, 34Q 300 260 (1) Spherlcal fused silica

40 160 P@ttlng a §f@lc°nézft%m¢¢%%ﬂe mﬂs’féd asuhla% potting

80 (3) Spheric fuied Slh 4) sical _Pro erties
Conposi tion vi sTGSEE §ot 1§7lnvggtlog0pan]gfov1 @P@l Y ggddabie
gackage fi IOI i ng@&%‘ocen uf’ oodcggggrgood ggo&le%?%ein%(rjr:ll%%- @%f tc%rec%r égg 0 0
Nter17C Af ter i 0
0 5 % egg%ge CRPF Eﬁgt or c?}d-h??t cxfle q§st watggué

After T/C QdverSely Qffects

Not Not Filler segfﬁeﬁtgtlonecg ng Plﬁ%r%fr%?rka%ﬁ}ltyiothergbg[ relm

t han t han pro%iding much industrial advantage. 13 -



TABLE 2 Conpar ati ve Exa
1 2 3 4 5 6 Compounding (parts by melght) BIS type
epoxy 100 100 100 100 100 30 resin Bi sphenol - ﬂi‘ﬁﬂ “ l\

70 resin (2) 3,3 -diethyl-4,4" - 40 - 46 - 40
di am nodi phenyl net hane EROX|d|zed pol ybut adi ene 6
6 Spherical fus®HA3| IScELAZMED Z8¢ 230 110 340 (1) Spherlcal fused

silica 280_ 160 260 0 her|cal fused silica

380 (5) Physical PrOpef\tFéguéwSB%(‘ m%w mategdal) sgmpris—130
27 125 (Pa.s) i of acka fillin ood, poor ood 294 d poor

Del ani na- After egriﬁd g 1quid ep@xy ré@f&,()ﬁ) kﬂgﬁg dp

0 - 8 Af t T,

) Afp%FmgﬁPd%BheBylmethan FE) én egpx1éizeqjg£}§gutﬁpggpepcg

0 - 3 T . .0 . _
Not Filler sedinentgPpoﬁn 1ng6gan}c %Qi%&f, éﬁ%ﬁﬁﬁ?i%%ﬁwﬁﬁﬁfos of the

than- 100 individual components in weight Whtios are:

(A)/[(A)+(B)}] = 0.65 - 0.80

(Cy/[(A)Y+(B)] = 0,01 - 0.05
and

(D)/[(A)+(B)+(C)+(D)] = 0.50 - 0.80.
2. A liquid epoxy resin potting material, as set
forth in claim 1, in which at least 50% by weight of the
(A) liquid epoxy resin has a viscosity not higher than 8
Pa.s/25°C.
3. A liquid epoxy resin potting material, as set
forth in claim 1, wherein the (D) inorganic filler
comprises (a) a spherical silica having an average
particle size of 0.1 um to 3.0 um and a maximum particle
size not more than 10 um and (b) a spherical silica of
an average particle size of 4 ym to 10 um and a maximum
particle size of not more than 50 pm, with the compound-
ing ratio in weight being (a)/[(a)+(b}] = 0.05 - 0.50.
4, A liquid epoxy resin potting material, as set
forth in claim 2, wherein the (D) inorganic filler
comprises (a) a spherical silica having an average
particle size of 0.1 pm to 3.0 um and a maximum particle
size not more than 10 um and (b) a spherical silica of

an average particle size of 4 um to 10 ym and a maximum



As illustrated in the above Exanples 1 - 6, potting
package with a |iquid potting material of this inven % ﬁgﬂﬂ !I,

highly reliable sem conduct or package free of del am na Ien

5 a pressure cooker test or col d-heat cyellks test w thout adversely
affecting flow or workability, thereby provi di ng nmuch industri al

advant age. particle size of not more than 5% um, WI:IAH tEeOtcsmpEmd-S: 1.
A liquid epoxy resin potting material conpris- & a liquid epoxy
resin, (B) a |iimgdratiglin seightaheing dtﬁélﬁl(ﬁét‘%gh ~(Q:)0§n ePoX? di zed

pol ybutad| ene, and (D) an inorganic filler, wherein the ratios of the

i ndi vi dual conponents in weight ratios are: (A/[(A)+(B)] = 0.65
- 0.80 (O/[(A+B)] =0.01 - 0.05 and
(D/[(A+HB)+C+(D] = 0.50 - 0.80. 2. A liquid epoxy resin

potting nmaterial, as set forth in claim1, in which at |east 50% by wei ght
of the (A) liquid epoxy resin has a viscosity not higher than 8
Pa.s/25[err]C. 3. A liquid epoxy resin potting material, as set
forth in claiml, wherein the (D) inorganic filler



conprises (a) a spherical silica having an average particle size of 0.1
[err]mto 3.0 [err]mand a nmaxi num particle size not nore than 10 [err]m
and (b) a spherical silica of an average particle size of 4 [err]mto 10
[err]mand a maxi num particle size of not nore than 50 [err]m wth the
conpound- ing ratio in weight being (a)/[(a)+(b)] = 0.05 - 0.50. 4.

A liquid epoxy resin potting naterial, as set forth in claim?2;, wherein
the (D) inorganic filler conprises (a) a spherical silica having an
average particle size of 0.1 [err]mto 3.0 [err]mand a maxi mum particle
size not nore than 10 [err]mand (b) a,spherical silica of an average
particle size of 4 [errlmto 10 [err] mand a nmaxi mum

- 16 - part%&%§§§b§e of not nore than 50 [err]m with the conpound- ing
ratio in weight beirng (a)/[(a)+(b)] = 0.05 - 0.50.

LIQUID EPOXY RESIN POTTING MATERIAL

A liquid epoxy resin potting material is
described utilizing (A) a liquid epoxy resin, (B) a
liguid alkylated diaminodiphenylmethane, (C) an
epoxidized polybutadiene, and (D) an inorganic filler,
wherein the ratios of the individual components in
weight ratios are:

(8)/[(R)+(B)]

(C)/L(R)+(B)]

fl

0.65 - 0.80
0.01 - 0.05

and

(D)/[(A)+(B)+(C)+(D)}] = 0.50 - 0.80.



