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7. T [OOO0O 1] Our invention provides vacuum dispensable silicone
compositions that are substantially free of air, methods forthe
preparation of such compositions and cured silicone compositions
formed therefrom. ]
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4. TT[oOO0O2] Silicones are widely used in the electrical
andelectronics industries as a result of their unique properties.
Silicones exhibit low alpha particle emissions, very good moisture
resistance, excellent electricalinsulation, excellent thermal
stability and very high ionicpurity. In particular, silicone
encapsulants can improvethe reliability of an electronic device by
providing aneffective barrier against environmental moisture, UV
radiation, ozone and weathering.

[0 O O 3] Recent advances in semiconductor packaging, namelythe
development of chip scale or chip size packages, havecreated a
critical demand for high performance vacuumdispensable silicone
encapsulants. In addition to thedesired properties of electronic
grade silicone materials, such encapsulants must also be compatible
with the newvacuum dispensing systems and possess the
rheologicalproperties required for flow around and/or under the
siliconchip or die.

[OO0O04] - = - -Conventional silicone composition sevolve
copious amounts of air during vacuum dispensing. Lowboiling
components in the compositions, either initiallypresent or later
formed during storage, also contribute togas evolution. The rapidly
escaping gas bubbles causefoaming and splattering of the
encapsulant, resulting incontamination of the exposed surface of the
semiconductordevice. An additional cleaning step is then required
toremove encapsulant from the contaminated die surface. Moreover,
extensive gas evolution produces voids in theencapsulant layer,
resulting in incomplete underfill of thedevice. Contamination and
residual voids becomeincreasingly conspicuous as the complexity of
the deviceincreases and its dimensions decrease. In the
fabricationof chip scale or chip size semiconductor packages, these
encapsulation problems result in increased costs and reduced
component reliability. |
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. ' [O0OO0OS5] Our invention provides a silicone composition
which satisfies the need for a vacuum dispensable silicone
encapsulant. We have discovered that the excessive outgassing
characteristic of conventional addition-curablesilicone compositions
during vacuum dispensing is due to thepresence of air and low
molecular weight volatile componentsin the compositions. Moreover,
we have overcome theoutgassing problem and its deleterious effects,
including contamination and void formation.

[00O06] Specifically, our invention is a siliconecomposition
comprising:

(A) 100 parts by weight of a polydiorganosiloxane containing an
average of at least two silicon-bonded alkenylgroups per molecule;
(B) 10 to 100 parts by weight of anorganopolysiloxane resin

essentially consisting of (a)R32(CH2=CH)SiO1/2 siloxane units, (b)
R33Si01/2 siloxaneunits, and (c) Si04/2 siloxane units wherein

each R3 isindependently selected from monovalent hydrocarbon
ormonovalent halogenated hydrocarbon groups free of aliphatic
unsaturation, the mole ratio of the combination of (a) and(b) units
to (c) units is from 0.6:1 to 1.1:1 and the resincontains from 1 to
5 percent by weight of vinyl groups;
(C) an organohydrogenpolysiloxane having anaverage of at least three
silicon-bonded hydrogen atoms permolecule in an amount sufficient to
provide from one tothree silicon-bonded hydrogen atoms per alkenyl
group incomponents (A) and (B) combined;
(D) an adhesion promoter in an amount sufficientto effect adhesion
of the composition to a substrate;
(E) a hydrosilylation catalyst in an amount sufficient to provide
from 0.1 to 1000 parts per million ofa platinum group metal based on
the combined weight ofcomponents (A), (B) and (C); and
(F) a platinum catalyst inhibitor having a boilingpoint greater than
150 °Cat 0.10 MPa in an amountsufficient to retard curing of the
composition at ambienttemperature; and wherein the composition
c?mprising]components (A) through (F) is substantially free of air.
0007 .



[OO0O08] Our invention further provides a multi-partsilicone
composition comprising components (A) through (F)specified above,
wherein each part of the composition issubstantially free of air and
with the proviso that neitherthe polydiorganosiloxane nor the
organopolysiloxane resinare present with the
organohydrogenpolysiloxane and thehydrosilylation catalyst in the
same part.

[OOO09] Our invention also provides a method of preparingthe
silicone composition, comprising the steps of mixingcomponents (A)
through (F) delineated above and de-airingthe mixture to produce a
composition substantially free ofair. ]
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T. T [O0O0O10] The compositions of our instant invention
aresubstantially free of air and contain only components thatare
nonvolatile under vacuum dispense conditions, which-istypically
performed at a pressure of from 4,000 to 10, 700Pa. Compared to
conventional silicone compositions, oursilicone compositions exhibit
extremely low outgassingduring vacuum dispensing. The compositions
can be vacuumdispensed with negligible or no contamination of
unexposeddie surfaces, which eliminates the need for an additional



cleaning step in the fabrication of a chip scale package. Our
silicone compositions produce uniform protective layers
substantially free of voids. Moreover, the desiredadvantages of
silicone materials for such appllcatlons are retained. .

[0OO0 1 1] Component (A) of the present invention is
apolydiorganosiloxane containing an average of at least twosilicon-
bonded alkenyl| groups per molecule. Suitablealkenyl groups contain
from 2 to 6 carbon atoms and areexemplified by, but not limited to
vinyl, allyl and 6-hexenyl.The alkenyl groups in component (A) may
be locatedat terminal, pendant, or both terminal and
pendantpositions. The remaining silicon-bonded organic groups
incomponent (A) are independently selected from monovalent
hydrocarbon or monovalent halogenated hydrocarbon groupsfree of
aliphatic unsaturation. .

[00 2 1] Component (C) of the present invention is an
organohydrogenpolysiloxane having an average of at leastthree
silicon-bonded hydrogen atoms per molecule and anaverage of no more
than one silicon-bonded hydrogen atom persilicon atom. The silicon-
bonded hydrogen atoms can belocated at terminal, pendant, or at both
terminal andpendant positions in the
organohydrogenpolysi loxane. Component (C) is a homopolymer or a
copolymer. Thestructure of the organohydrogenpolysiloxane can be
| inear, branched, or cyclic. The siloxane units present in

component (C) may include HR¥2Si01/2, R438i01/2 HRASi02/2,

R2495102/2, HSi03,/2, R4$i103/2 and $i04/2 units.

[0 O 3 3] Component (E) of our invention is ahydrosilylation
catalyst comprising a platinum group metalor a compound containing
such a metal that promotes theaddition reaction of components (A)
and (B) with component (C). These metals include platinum, rhodium,
ruthenium, pal ladium, osmium and iridium. Platinum and platinum
compounds are preferred based on the high activity level ofthese
catalysts in hydrosilylation reactions. = = -
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ZA. T [T0035] Mixtures of said components (A), (B), (C), (D)
and (E) may begin to cure at ambient temperature. To obtain alonger
working time or “pot life”, the activity of thecatalyst under
ambient conditions is retarded or suppressedby the addition of a
suitable inhibitor.

[0O0 3 6] Component (F) of the present invention is aplatinum
catalyst inhibitor having a boiling point greaterthan 150°C. at 0.10
MPa. The platinum catalyst inhibitorretards curing of the present
compositions at ambient temperature, but does not prevent the
composition fromcuring at elevated temperatures. In order to be
effective in this invention component (E) must be soluble in the
composition.

[0037] Acetylenlc alcohols constitute a preferred classof
inhibitors and 2-phenyl|-3-butyn-2-ol is a particularlypreferred
inhibitor. Compositions containing these inhibitors generally
require heating at 70°C. or above tocure at a practical rate.

[0038] The platinum catalyst inhibitor is added to thepresent
compositions in an amount sufficient to retardcuring of the
compositions at ambient temperature without preventing or
excessively prolonging cure at elevated temperatures. This amount
will vary widely depending on the particular inhibitor used, the
nature and concentration ofthe hydrosilylation catalyst and the
nature of the organohydrogenpolysiloxane.
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#. T [0O04 4] The compositions of the instant invention



aretypically prepared by combining components (A) through (F)and,
optionally a filler, in the stated proportions and thende-airing the
composition. Mixing is accomplished by any ofthe techniques known in
the art such as milling, blending and stirring, either in a batch or
continuous process. The particular device is determined by the
viscosity of the components and the final composition. Preferably,
the hydrosilylation catalyst is added last at a temperature below
30°C. to prevent premature curing of the composition and thus ensure
adequate working time. Also, the components are preferably mixed
under vacuum at a pressure of from3, 400 to 16,900 Pa to minimize the
inclusion of air in thecomposition.

[0045] Alternatively, the composition of the present invention
is a multi-part composition comprising components(A) through (F) in
two or more parts. The multi—-partcomposition can contain any number
of different parts containing different amounts of different
ingredients, provided that neither the polydiorganosiloxane nor the
organopolysiloxane resin are present with the
organohydrogenpolysiloxane and hydrosilylation catalyst in thesame
part. In a typical method for preparing such acomposition, a portion
of the polydiorganosiloxane, aportion of the organopolysiloxane
resin, the adhesionpromoter, the hydrosilylation catalyst and any
filler oradditives are mixed together to produce Part A and
theremaining portions of the polydiorganosiloxane and
resin, organohydrogenpolysiloxane and platinum catalyst inhibitorare
mixed together to produce part B. The individual parts of the
multi-part composition are de-aired according to the method
described below. Preferably, the components are packaged in such as
manner that equal weight amounts of each package can be mixed to
produce the compositions of this invention.

[0OO 4 6] The one-part compositions and the individual parts of
the multi-part composition must be thoroughly de-airedprior to use
in a vacuum dispensing process. Preferably, de-airing is performed by
passing the composition through afalling film evaporator at ambient
temperature under apressure of less than 1333 Pa and preferably
under apressure of 667 Pa. According to the preferred method, the
composition passes through one or more slits in the headassembly
into the vacuum chamber at a rate of 227 grams perminute. The slit
forces the material into a thin ribbon having a high surface area
and short diffusion path for airor other gases to escape. The ribbon
falls through the vacuum chamber a distance of 0.6 m into a press
pot. Afterall of the material has fallen into the pot, the vacuum is
maintained for at least fifteen minutes to ensure thorough removal
of air. Air is then slowly readmitted into the system and the
material is pressed out of the pot into suitable containers. For the
purposes of the present invention, a composition de-aired according
to the preceding method, which is further delineated in Example 1,
or by anyother method that produces an equivalent composition,
istermed “substantially free of air”. Different combinations of flow
rate, pressure, vacuum chamber length and temperature than those
recited above can be used to producethe compositions of the present
invention. The precise set of conditions required to produce
compositions substantially free of air, as defined supra, can be
determined by routine experimentation. An airless mixing technique
known in theart should be used to combine the de-aired parts of
themulti-part composition.

[004 7] It is important to note that the composition of our
invention is de-aired prior to introduction into the vacuum



dispensing equipment. The vacuum created in the vacuum dispenser
alone is not of a sufficient nature to produce the compositions of
the present invention. As usedherein, the term “de-airing” does not
refer to removal ofair during vacuum dispensing. ]
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. T [004 9] The compositions of the present invention should
be stored in sealed containers to prevent exposure to air and
moisture. Preferably, the compositions are stored in foil bags that
are heat sealed under vacuum. A preferred package is an aluminized
polyethylene/polyester bag. Such abag is commercially available from



LPS Industries (Newark, New Jersey) under the trade name Vapor
Flex (R)VF-52. The one part product of the present invention may be
stored at room temperature for several weeks without any change in
the properties of the cured encapsulant product. However, theshelf
[ife of the compositions of this invention can beextended to several
months by storing the mixtures at atemperature below 0°C. and
preferably from -20 to -30°C. Individual sealed packages of the
multi-part composition described above can be stored for over 6
months at ambientconditions without any deterioration in the
performance ofthe composition produced upon their admixture.

[0050] The compositions of our invention are cured byheating at
temperatures of from 70 to 200°C., preferably from 80 to 150°C., for
a suitable length of time. For example, the compositions typically
cure in two hours at80°C. and in fifteen minutes at 150°C. J
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2. [TExample 1

[0054] This example demonstrates the preparation andpackaging
of a composition according to the present invention. A blend of an
organohydrogenpolysiloxane and aplatinum catalyst inhibitor was
prepared by mixing 10.2 parts of a trimethylsiloxy-terminated
dimethyImethylhydrogen siloxane containing an average of five
HMeSi02/2 units andthree Me2Si02/2 units per molecule and having a

viscosity of 4.8 x 10_3 Pa+s and 1.3 parts of 2-phenyl-
3-butyn-2-ol at70°C. for 20 minutes. A base was prepared by mixing
81.2 parts of fused silica having an average particle size of 4.5
+0.5 micrometers; 73.4 parts of a
dimethylvinylsiloxyterminatedpolydimethylsiloxane having an average
DP of 830and a viscosity of 55 Pa-s; 26.6 parts of
adimethylvinylsiloxy-terminated polydimethylsiloxane havingan
average degree of polymerization (DP) of 434 and aviscosity of 2
Pa-s; 44.4 parts of a resin essentiallyconsisting of

(CH3) 2CH2=CHSi01 /2 units, (CH3)3Si01/2 unitsand Si04/2 units,
wherein the mole ratio of totaltriorganosiloxane units to S$i04/2

units is 0.7:1 and theresin contains 2.0 weight percent of vinyl
groups; = * - -

[0055] To the base was added the blend of
theorganohydrogenpolysiloxane and the inhibitor. Finally, 0.9parts
of a platinum complex of 1,3-diethenyl-1,1, 3, 3-
tetramethyldisiloxanewas added to the mixture. The resulting
composition was mixed until homogenous using a shear mixer. All



mixing operations were carried out under apressure of from 6773 Pa
to 10, 159 Pa except during the addition of components to the
mixture.

[0056] The material was then transferred to a 19 Lpolypropylene
pail and pumped into a falling film evaporation system. The vacuum
chamber in the apparatus was maintained at a pressure of 667 Pa. The
composition passed through two slits in the head assembly, each
having a lengthof 38.1 mm and a width of 3.2 mm, into the vacuum
chamber ata rate of 227 grams per minute. The two ribbons of
material emerging from the head assembly fell a distance of 0.6
minto a press pot. After all of the material had fallen intothe pot,
the system was held under vacuum for an additional 15 minutes. Air
was then slowly readmitted into the apparatus. The composition was
mechanical ly pressed out of the bottom of the pot and withdrawn into

polyethylenesyringes (30 cm3). Furthermore the syringes were placed
inVapor Flex (R)VF-52 aluminized polyethylene/polyester bags (LPS
Industries, Newark, New Jersey) containing silica geldesiccant. The
bags were heat sealed under vacuum and then stored in a freezer at
-20°C. |
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4. TExample 2

[005 7] This example demonstrates the effects of platinum
catalyst inhibitors having different boiling points on the extent of
outgassing for compositions dispensed under vacuum. A blend of each
inhibitor and an organohydrogenpolysiloxane was prepared by mixing
1.3 parts of theinhibitor and 10.3 parts of the
organohydrogenpolysiloxane used in Example 1. Four bases were
prepared by mixing 82.1 parts of fused silica having an average
particle size of 4.5+0.5 micrometers, 100 parts of a vinyl-
terminatedpolydimethylsiloxane having an average DP of 830 and
aviscosity of 55 Pa-s; 44.9 parts of the resin used in example 1;
and 2.6 parts of adhesion promoter (1). To eachbase was added one of
the inhibitor-organohydrogenpolysiloxane blends. Finally, 0.9 parts
of a platinumcomplex of 1, 3-diethenyl-1,1, 3, 3-tetramethyldisiloxane
was added to each mixture. The resulting compositions were mixed
until homogeneous using a shear mixer. All mixing operations were
carried out under a pressure of from 67/3 Pa to 10, 159 Pa except
during the addition of components to the mixture.

[0058] A portion of the composition containing 2-phenyl-
3-butyn-2-oland the entire amount of each of the other compositions
were de-aired according to the method inexample 1. The compositions

were withdrawn into polyethylene syringes (30 cm3) and the syringes
were placedin Vapor Flex (R)VF-52 aluminized polyethylene/polyester
bags (LPS Industries, Newark, New Jersey) containing silica gel
desiccant. The bags were heat sealed under vacuum and then stored in
a freezer at -20°C. The compositions were removed from the freezer
just prior to use and allowed to warm to room temperature.

[00 5 9] Each composition, including the composition not
de-aired, was used to encapsulate an array of 30 diesmounted on a
flexible circuit tape. Each die assembly consists of a silicon die
(3 mm x 5 mm) and a polyimide tape separated by an elastomer pad or
spacer. The composition was vacuum dispensed along three sides of
each silicon die. A waiting period of 1 to 2 minutes was observed to
allow the material to wet the die. Encapsulant was then dispensed
onthe fourth side of each die. Approximately 0.03 grams
ofcomposition was dispensed per die. The extent of degassing for
each composition was determined by visual inspection ofthe
encapsulant during vacuum dispensing. The results arepresented in
Table 1.



Table |

Platinum Catalyst Inhibitor | Boding Point of Inhibitor, | Extent of Degassing®
°C. (0.10 MPa)

2-Methyl-3-butyn-2-ol 104 4

3,5-Dimethyl-1-hexyn-3-ol 150 3

1-Ethynyl-1-cyclohexancl 180 2

2-Phenyl-3-butyn-2-ol 217 1

2-Phenyl-3-butyn-2-ol° 217 5

% 1 = no visible bubbling, no contamination of die;

2 = mincr bubbding, minor contamination of dia, no claanup required;

3 = moderats bubbling, conlamination of die, cleanup required;

4 = vigorous bubbling, contamination of die, voids, cleanup required;

5 = vigorous bubbiing and ioaming, gross contamanation of de, vouds, ceanup
réquired,

EComposition not de-aired.
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