EPOXY MOLDI NG COVPCOSI TI ON FOR SURFACE MOUNT - -*%
APPLI CATI ONS The present invention is concerned with an epoxy nol di ng
conmpound fornulation which offers a high ,degree of reliability and package
cracking resistance for surface nount in%egrat ed circuit (1C) packages.
Traditionally, |C packages have been encapsul ated with a standard epoxy

nol ding conpound fornul ation. Attachnment to a circuit board invol ves

i nserting the package pins gy SIOIOING doMbPOSTaOReHbR board and

sol dering the protruding pins at very high tenperatures (215 - 260[err]C).
The circuit board linits the W%ﬁ{ﬁab&? Mﬁ&éﬁ@mm ated device;

t herefore, the package experiences little thermal soldering stress and has
a high de%&ﬁe of reliability with respect to package cracking.
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Currently, the trend in IC packaging is towards the surface mount type. These packages

are not inserted through holes in the board, but rather are mounted directly to the
board. These packages are typically thinner than conventional packages; moreover,
this surface mount technology allows for packages to be soldered to both sides of a
circuit board, thus doubling available 'spa.ce. In this soldering process, the whole )
package and the circuit board are exposed to the high temperature. This exposure
increases the thermal soldering stress experienced by the package; the thinness of. these
packages in addition to the high temperature they experience greatly increases the
probability of package cracking. Any moisture absorbed by the plastics material
encapsulant exacerbates the package cracking problem. The development of an epoxy
molding éqmpound formulation that prevents this solder-induced package cracking, as

. well as provides the other properties expected from the plastics material encapsulant
(low stress, gooa moldability, low ionic, etc.) is needed.

Japanese Patent Application No. 01-276653 discloses a surface mount epoxy encapsulant

which contains a multifunctional epoxy, a multifunctional hardener and a liquid



Japanese Patent Application No. 01-276653 discloses a surface nount epoxy
encapsul ant which contains a nultifunctional epoxy, a multifunctional

hardener and a liquid 2
silicone rubber. Japanese Patent Application No. 02-069514 discloses a
mul ti functi onal epoxy used in conbinatidn with silica particles that are
required to be bel ow 3pmin size. Japanese Patent Application No.

63- 22695 1silltar@l mbber.a bl ock- copol ynmer of novol ak- or ganopol ysi | oxane, a

mul tifunctional epoxy, a multifunctional hardener and silica. The present

I nventi on enabl es the provision of an epoxy nol ding conpound fornul ation
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The present invention enables the provision of an epoxy molding compound
formulation with high flexural strength at 215°C to minimize solder-induced package
cracking encountered in surface mount applications and which also provides good low

stress. properties.

'i‘he present invention also.enables the provision of an epoxy molding composition
which contains a high loading of silica particles to provide low moisture absorption
and reduce the coefficient of thermal expansion of the molding compoéiﬁon,' yet which
will flow sufficiently under molding conditions.

In one embodiment of the present invention there is provided a low stress epoxy
encapsulant composition for surface mount applications. The surface mount epoxy
encapsulant comprises: (A) about 5-15% by weight of multifunctional epoxy resin; (B)
about 2.5 to about 8% by weight of multifunctional phenolic hardener; (C) about 70 to
about 85% by weiglit of fused silica filler; (D) from about 0.25 to about 3% by weight of .
silicone rubber particles; and (E) from about 0.25 to about 3% by weight of silicone
fluid, the percentages beingl based on the total weight of the encapsulant. This
composition provides low stress properties, resistance fo solder-induced package

cracking, and low moisture absorption.

In another embodiment this invention provides an epoxy molding composition which

provides good molding properties with high loadings of silica in a composition.



encapsul ant conposition for surface nmount applications. The surface nount
epoxy encapsul ant conprises: (A) about 5-15% by weight of nultifunctional
epoxy resin; (B) about 2.5 to about 8% by wei ght of multifunctional

phenol i ¢ hardener; (C) about 70 to about 85% by weight of fused silica
filler; (D) fromabout 0.25 to about 3% b§ wei ght of silicone rubber
particles; and (E) from about 0.25 to about 3% by weight of silicone fluid,
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The fused silica (C) is used in the invention at high weight percent loadings to reduce

the moisture absorpﬁén of the molding compound formulation and to reduce the
coefficient of thermal expansion. The.amount of fused silica is generally from about
70% to about 85% by weight of the formulation, pfeferably from 75 to 85% by weight of
the formulation. Loadings of greater than about 79% by weight are most preferred for
low moisture absorption, and low coefficient of thermal expansion. The fused silica
can be of the crushed angular shape type or spherical shape, or a mixture of the two.
Proper selection of size, shape and loading imparts excellent moldability, in addition to
low moisture absorption and a low expansion coefficient. The preferred fused silica is a
blend of from 65 to 85% by weight spherical silica and from about 35 to 15% by weight
crushed silica.

The silicone rubber powder (D) used in the invention is preferably spheric'al in shape
and less than 50 pm in size. The use of the rubber particles is effective in reducing the
coefficient of thermal expansion and in reducing the modulus. Crushed angular
shaped, >50 pm in size silicone rubbers can be used, but they are not as effective in
reducing the coefficient of thermal expansion and the modulus.



t he noi sture absorption of the nol ding conpound fornulation and to reduce
the coefficient of thermal expansion. The anobunt of fused silica is
generally from about 70%to about 85% by wei ght of the fornulation,
preferably from75 to 85% by wei ght of tHKe fornulation. Loadings of
greater than about 79% by weight are nost preferred for |ow noisture
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to the present 1 nventlion. . _
conveyor, to a-differential roll mill which comprises a hot roller and a cold roller
spaced between one and six millimeters apart anng their lengths. This separation is

known as the nip. The nip can be adjusted to obtain sheet of the desired dimension.

The differential roll mill may be essentially any such mill known in the art. In general,
the rollers of the mill are rotated in opposite directions at different surface velocities
about their respective longitudinal axes which are appfoximately horizontally
disposed. In general, the relative rotational speeds of the rollers is at a ratio of between
1.1:1 and 1.3:1, and the rotational speed of the hot roller is generally from about 10 to 30
rpm. The rollers are rotationally mounted by any suitable bearing.means to a suitable

support.

Examples of such suitable bearing means are roller bearings, ball bearings and sleeve
bearings. The support means may be a frame or any structural component attached to a
building or the earth. The rollers are rotated by any suitable rotating means, such as an
electric motor or a steam engine, gbnnected to a central shaft on the roller by any
suitable means such as a chain, a belt or gears. In general, positive drive mechanisms

such as chains or gears are preferred.



The materials are nmixed and bl ended, for exanple, in a ball mll, and the
blend is optionally conpacted for ease of handling. If desired, the blend
can be pre-softened or nelt-mxed in an extruder. The blend is generally
fed by any suitable neans, such as a conveyor, to a differential roll mll
whi ch conprises a hot roller and a cold r@ller spaced between one and six
mllimeters apart along their lengths. This separation is known as the nip.
The nip can be adjusted to obtain sheet of the desired dinension. The
differentia |l mill may be ntial |y G )| ] ' t
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5" The surpesent digeatiahlre of the hot roller in general is near the
nmelting tenperature of the resinin the blend, i.e., within about 20[err]C

of the nmelting tenperature of the resin but is at a tenperature
I nsuffici enfTESDMETIHODIe resin within the residence tinme of the blend on

the hot roller of the mll. Usually, the surface tenperature of the hot
roll is
Spiral Flow (EMMI) of Epoxy. Molding Compounds

This method measures the flow characteristics of thermosets using a transfer molding
press equipped with a transfer pot diameter of 4.45 cm (1.75") and an EMMI spiral flow

mold:

The press platen temperature controllers were set to yield 175 + 3°C mold temperature,
and the transfer ram pressure is set to 6.895 MPa absolute (1000 psia). The transfer ram
speed was set in the range of 2.54 - 10.16 cms (1 to 4 inches) per second. Granular
sample was added to the transfer pot to give 0.3 to 0.35 am (0.12 to 0.14 inches) cull
thickness, and the transfer cycle was activated. The sample was allowed to cure for at
least 90 seconds. The mold was opened and the part of the farthest continuous flow
was measured. The spiral flow data is reported in the Table row designated "Spiral
Flow"; the value re?orted indicates the centimeters of flow measured (inches of flow

are indicated in brackets).

Thermomechanical Analysis - Determination of CTE

Four cylindrical, molded, postcured pellets (Smm x 5mm) were annealed in an oven




bet ween 65[err]and 120[err] C and i s mai ntai ned by any suitable heating
means or nechani sm such as hot water circulating through the hot roller or
an electrical heating elenent. The hot roll tenperature nay be as high as
130[err] C for sonme special resins. The foll ow ng Exanpl es are presented
toillustrate preferred enbodi nents of tge present invention. TEST
METHODS: Spiral Flow (EMM) of Epoxy Ml ding Conpounds This net hod

measur es Rl Wayhehtad ardiR 2bet k& 3409€ dt Qerram&féitﬁge thctdaBdef ﬁ)’°cf7%9&{_‘_;g/M

press equipped with a transfer pot dianeter of 45 cm (1. /75") and an
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cure for at |east 90 seconds. The nold was opened and the part of the
farthest ntinu s fl ow was nmeasured. The spiral flow data is reported in
t he Tabl eﬁ%&-ﬁ% "Spiral Flow'; the value reported indicates the
cent i met eAss.0f ahlxmBheadlr ed/§i) eghwdrial diskavasimeldedcirbpssticured. bitagdset s) .

Ther nonmechani cal, Analvsis - Determ i on,of CTE Four .cylindrical, nolded,
post cur edreﬁécf‘ﬁegt@m(‘ BOSKS OFeh %mggﬁ%’éf?‘é@ CHEH! & FEFjecator. Ine sample was

then placed in an 85°C/85% Relative Humidity chamber for 168 hours. The disk was
removed from the chamber and allowed to cool. The moisture uptake was determined
gravimetrically, the moisture absorption is reported in the row designated "Moistr.
Abs." as the percent increase in weight. The value was calculated according to the
formula (Wyg-Wo/Wy) X 100, where Wy is the wéight at ime 0 and W153 is the weight
at the end of 168 hours in the chamber.

Flexural Properties
A sample of the material’was molded to dimensions of 127 am x 1.27 cm x 0.64 cm (5"

x 1/2" x 1/4") and postcured. The sample was then tested according to ASTM D790 at
the temperature of interest to produce the data which is reported in the Table below.
Flexural Strength at*215°C ("Flx Str. 215°C* in the Table) and Room Temperature
Flexural Modulus ("RT Flex. Mod" in the Table) were determined: using specimens
that were stored in a desiccator prior to measurement. Wet Flexural St;'ength at 215°C
data ("WetFlx 215°C in the Table) was determined using specimens that were saturated
for 168 hours in an 85°C/85% Relative Humidity chamber prior to measurement. The
modulus values are reported in giga Pascals [GPa (Mpsi in brackets)] and the strength
values in MPa (psi in brackets). .

Abbreviations
The following abbreviations have the indicated meanings when they are used in the

application.



6 which was heated from25[err]C to 240[err]C at a rate of tenperature
increase of 10[err]C/ mnute. After cooling, the expansion curve was
nmeasured from 25[err]C to 250[err]C at a rate of 10[err]C/ mi nute. The
coefficient of thermal expansion below Tg (CTE) was determ ned fromthe

sl ope of a line drawn tangent to the expansion curve before the Tg. The
data is reported in the Tabl-e in the row designated "CTE"; the val ue
reports ppn K. Moi sture Absorption A 5.08 cmx 0.32 cm (2" x 1/8")
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108 RS SRR ErTBA RS 05 ey are used in the

applicat BDMA Benzyldimethylamine (supplied by Aldrich Chemical Company)
TPP Triphenylphosphine (supplied by Aldrich Chemical Company)
Dicyand Dicyandiamide-G (supplied by SKW Trostberg)
Sb205 Antimony Pentoxide, Na free Nyacol 1590, (supplied by PQ Corp.)
Bis A tetrabroniobiSphenol-A BAS9P (supplied by Great Lakes Chemical)

C Black Printex Carbon Black (supplied by Degussa Corporation)
UL Wax UL Wax (supplied by Hoechst-Celanese Corporation)
OP Wax- OP Wax (supplied by Hoechst-Celanese Corporation)
psi pounds per square inch

ppm parts per million

‘Experimental Procedure: ]
600 gram batches of experimental samples were prepared according to the following

procedure; the amounts of each ingredient are reported in the Table as runs 1 to 9 and
as a weight percent of the total batch. The weight amount in grams of each material
can be calculated by multiplying the percentages reported in the table by 600. The silica,



7 FS762 crushed fused silica FS762, mean particle size 13.4pm

(supplied by Denki Kagaku Kogyo Kabushi ki Kai sha) FB74
spherical fused silica FB74, mean particle size 31.5pm (supplied by Denki
Kagaku Kogyo Kabushi ki Kai sha) FS20 8 crushed fused silica FS20, mean
particle size 5.6gm (supplied by Denki Kagaku Kogyo Kabushi ki
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Al drich Chem cal Conpany) TPP Tri phenyl phosphi ne (supplied by
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Wax (suppl | W gﬂeﬁehﬁtan(]@n%ﬁeger herotgrdiiamplepbie. the other ryns), s ayarage
square inc Weﬂ\%@}amre on B ESnPfllt Whd 1dsP8, with no part of the front roll being lower than

100°C or greater than 110°C. The gap between the rolls was 1.02 millimeter. The

material was worked on the mill for two to three minutes after wetout of the filler I;y

the resin was complete. During this two to three minute timeframe, the sheet

of molding compound was cut 10 times and returned to the mill to improve the

mixing.

After the milling was complete,' the material was cut from the roll, allowed to cool and

granulated. The material was ready for use. The material was either used as is or
preformed into pellets prior to use, as stated in the test procedures.




Experimental Procedure: 600 gram batches of experinmental sanples were
prepared according to the follow ng procedure; the anounts of each
ingredient are reported in the Table as runs 1 to 9 and as a wei ght percent
of the total batch. The weight anount in granms of each material can be

cal cul ated by nmultiplying the percentages reported in the table by 600. The
silica, 8 the silane
and the BDVA were charged to a ceramc ball mll containing alumna
grinding nmedia and mlled for 15 m nute¥abjEhe treated silica was renoved
and the liquid silicone (Q-8347) was blended with it. The material was

recharged to the ball mll along with the other ingredients in the
fornul ati g aRg, m | led {for anpthen 2 hqurs. dhe regultant fing powder was
dunped fromnt e mll. ~The ?‘Er)ne powder- was %r ocessed on a digf erent igal

two-rol | BYGREPENIhi ch the front roll was heated, and the back roll was
cool ed. Fegzghxanple 1 (%.e. rmn 1) the average tenperature on the front
roll was 95[err]C, with no part of the Tront_roll beinglower than 90[err]C
or great eFP¥EH0100[errJ C. For the ot héP Exafpl es Pi.e. Phe ofher rufis),
t he aver aBebteenperatura.son thesfraost ral | was5105[e5r] Co wi t hi.po parisof

the frontgoll being | quer t 1Q$[ er r115C o_rr%greatleg than 110& err]C 1g’he
. T . - .

gap between the rolls was 1.0 i met'ér. e material was worked on the
mill for ERNto three Mt es after wetout of the filler- by the resin was
conplete.pRuUring this tewgato three mnute timeframe, the sheet of nolding
conpound cut 10 tinmes and.r, rned th Ll to i ve_t m XxJ ng.
After theiéﬁlﬁﬁ ing was conpl e?‘é',zg{ ﬁ‘g{}natlé‘??gal E\ﬁgg C]Lyrt&?r(r){ﬁﬁ%hnel_or%gl , g% 1owed
to cool aM&Hgranul ated_ The rfed2r 801 W&S3r eatl§s f or6-326e. SEB® n®488ri al 4.988s
ei ther usggmas is or PrHPr Marhos NbGeaPelolods S P30T JR3USR00RS SHAL ed gust he-

test procggures. 0171 0127 0.099 0139 0139 0128 0111 0.111 0.101
Dicyand o 018 018 018 018 018 018 0.8 0.18
Sb205 1.2 12 1.2 12 12 12 12 12 1.2
Bis A 0.9 09 09 09 08 09 09 09 0.9
C Black © 0.2 02 02 02 0.2 0.2 0.2 0.2 02
UL Wax 0.2 02 02 02 0.2 0.2 02 . 0.2 0.2
OP Wax 0.2 02 02 02 0.2 0.2 02 0.2 0.2
PROPERTIES
Spiral Flow 78.7 483 292 998 . 777 737 635 414 59.2

@D (19 (115 (39.3) %306 (290 (25 (16.3)  (23.3)
RT Flex. Mod 1558 151 1717 1434 1544 1365 1717 1862 16.34

(2.26)  (2.19) (249) (2.08) (224) (1.98) (249 (2.7) (2.37)
Fix 5tr.215°C 1238 4358 5089 3158 3613 3379 3441 4247 26.48

(1795)  (6320) (7380} (4580) (5240) (4900) (4990) (6160)  (3840)
CTE 133 157 129 199 186 17 133 139 142
Moistr. Abs. 0.41 067 059 055 056 052 047 049 0.42

WetFlIx 215°C 1590 3050 3620 2760 2810 2880 3120 3290 2380

FB74/FS20 - is a silica mixture of 80 parts FB74 with 20 parts of F520.
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2 3

75 75
79 79

1.5 0

0 1.5

6. 122

Tabl e - Run No.
4 5 6 7 8 9 | NGREDI ENT FS762

79 FB74/ FS20 iﬁ i
1. 579 RUbbi.r5 Fl ui d * 10 _ }E ?ll!l“lﬂﬂlm "I'! EI
cLings ° 1.5 EQCN El})égm PN

12.248 9.617 13.399 13399 12.413 10.768 10.768  9.781 MEH

63.5 41.

6.

0. 003 0.
0.171 0.
- 0.
1.2 1.
0.9 0.
0.2 0
0.2 0.
0.2 0.

243 4.901 _ 6. 83 6. 83 6.326 5.488 5.488 4.985 BDVA

003 0. doipw gtresmepoxy. mokling gormpasition ferssurfrcg @mount integopged pp

1?c1rc91t99v9mcﬂéo§,9pnse 139 0.128 0.111 0.111  0.101 Dicyand
.18 0.18  0.18 0.18 0.18 Sb20k

2) fron_g _apout 5%. tg 15% by weight multifunctionabepoxy resin; 2 Bi s A

g)) frorg:agout 2.8%2& aboug 8% by v%xé\t muj%lfgncnonal ph%wg.l SL B{/\Zik
.2 harderer; 0.2 0. 0.2 0.2 OP Wax

I\)I\JN@I\)
OOOOH

2
PROPERTI ES Spi ral% froml about 70splabout 8% by sweighf sed 85‘2% whichis iRt foym of

4 59h&1ca1 particles, crushed partick$) or a blehd) which indhdeq 13@h3)

(30.6) (29) (25) Sggér}G %21“}@‘1%‘232’%}“RT Fl ex. Mod 15.58 15.1 17.17

14. 34 15. 44
(2.19) (2.
Str.215[err]C

42. 47

*16. 34 (2. 26)
49) a. EBm abBuBiY5 :o(aboae;% l(y&uéight sm?.‘oﬂé rubper aticlesxand

26. 48 © j&'zdn%gbout ﬁ;?to about §‘? by wexg t sxhcone ﬁmd 33.79  34.41
the percentages being based on the total weight of the composition.
2. A composition as claimed in daim 1, in which the silicone rubber particles
are spherical partid;zs. '
3. A éomposition ‘as claimed in claim 1 or ¢laim 2, in which the silicone fluid is
an organofunctional silicone fluid.
4. A composition as claimed in any preceding claim, in which the
multifunctional epoxy resin is a tris-phenolmethane derivative.
5. A composition as claimed in any preceding claim, in which the
multifunctional hardener is a tris-phenolmethane derivative.
6. A composition as claimed in any preceding claim, in which the amount of
fused silica is at least 75% by weight of the formulation.
7. A composition as claimed in any preceding claim, in which the fused silica is
a blend of from 65 to 85% by weight spherical silica and from about 35 to 15% by
weight crushed silica.
8. A composition as claimed in any preceding claim, in which the silicone
rubber particles have a size of less than 50pum.
9. A composiﬁdn as claimed in any preceding claim, in which the silicone fluid
has both epoxy and polyalkyleneoxy-functional groups.

10.  An integrated circuit encapsulated with a composition as claimed in any of



(1795) (6320) (7380) (4580) (5240) (4900) (4990) (6160)  (3840)- CFE-

13.3 15.7 12.9 19.9 18.6 17 13.3 13.9 14.2 Moistr.
Abs. 0.41 0.67 0.59 0.55 0. 56 0.52 “ u&ﬂlﬂﬁ“tmmo 42
Wet Fl x 215[err]C 1590 3050 3620 2760 281$““ ‘u |

3290 2380 FB74/FS20 - is a silica nixture of 80 parts FB74 with 20
parts of FS20. 11 10 CLAI M
1. A |l ow stress epoxy nolding conposition for surface nount integrated
circuits, wWHaiRs §QgRyises: a) from about 5% to 15% by wei ght

mul tifunctional epoxy resin; b) from about 2.5%to about 8% by

wei ght mul t1¥unclsemdla porepokition as claimed iNargeHLElaims 1 to 9 i fdinQNARPuUt 70
t o about 85@Q$¥8$E@gyt fused silica which is i'n the fornfbf é ©

spherical pat RiE8RRIEIEFEUIEl es, or a bl end which includes both

spherical and crushed particles; d fromabout 0.25 to about 3% by

wei ght silicone rubber particles; and e) fromabout 0.25 to about 3%
by wei ght silicone fluid, the percentages being based on the total weight

of the composition. 2. A conposition as clained in claim1, in which the
silicone rubber particles are spherical particles. 3. A conposition as
claimed inclaim1 or claim2, in which the silicone fluid is an

organof unctional silicone fluid. 4. A conposition as clained in any
preceding claim in which the nultifunctional epoxy resinis a
tris-phenol net hane derivative. 5. A conposition as clained in any

preceding claim in which the



mul tifunctional hardener is a tris-phenol methane derivative. 6. A
conposition as clainmed in any preceding claim in which the amount of fused
silicais at |least 75% by weight of the fornulation. 7. A conposition as
claimed in any preceding claim in which the fused silica is a blend of
from65 to 85% by wei ght spherical silica alfd from about 35 to 15% by

wei ght crushed silica. 8. A conposition as clainmed in any precedi ng
claim in which the silicone rubber pa’tBSTRA4GEve a size of |ess than
50pm 9. A conposition as clainmed in any preceding claim in which the

silicone fluid has both epoxy and pol yal kyl eneoxy-functional groups. 10.

An integrated circuit encapsEpPEXeMOIING CORESITIONSSOR! ai med in any of
claims 1 to 9. 11. Use of a conposition as clainmed in any of clains 1 to

9 in fornming an encapsul at ed $HREHE MOBRYEAHFPLICATIONS

Epoxy molding compositions for surface mount applications are disclosed. The
compositions contain multifunctional epoxy resin and multifunctional hardener

along with silicone rubber particles, silicone fluid and a high loading of silica.



