
EPDXY RESIN FORMULATIONS FOR UNDERFILL APPLICATIONS       The present
invention relates to epoxy resin formulations useful for the
manufacture of semiconductor electronic packaging materials, and more
specifically, capillary underfill encapsulants.       Epoxy resins
are commonly used in the electronics industry for making
semiconductor packaging materials. Current epoxy resin formulations
used in semiconductor packaging materials include, for example, high
purity diglycidyl ether of bisphenol F or diglycidyl ether of
bisphenol A along with high performance or multifunctional resins
such as the digylcidyl ether of naphthalene diol or the triepoxide of
para-aminophenol. The known epoxy resins suffer from balancing key
attributes required for acceptable processability and downstream
reliability. These attributes include viscosity, total chloride
content, filler loading (for coefficient of thermal expansion (CTE)
and modulus modification), adhesion, flux compatibility, toughness,
dispense-ability, flow, and package level reliability performance
including preconditioning, temperature cycle or shock, highly
accelerated stress testing (HAST).       Conventional underfill
formulation approaches incorporate high purity bisphenol F or
bisphenol A epoxy resins along with high performance or
multifunctional epoxy resins. The inclusion of the high performance
resins tends to increase the viscosity of the resultant blend
negatively impacting the processability of the formulation, limiting
both the amount and size of the particulate filler that can be
incorporated into the formulation. Trends in electronic packaging
designs toward smaller, stacked and high pitch configurations
increase the demands on electronic packaging materials requiring
better thermomechanical and processing performance. For example, new
underfill materials for electronic packaging need to have a lower CTE
for resistance to thermal fatigue, while new thermal interface
materials (TIMs) need to be more thermally-conductive for cooling a
heat-generating source while maintaining low viscosity with increased
filler loadings.       Many electronic packaging materials are highly
filled materials. The properties of the filled materials largely
depend on the type of filler used and the level of filler loading (or
amount of filler in the materials). In general, increasing the filler
loading level usually decreases the CTE while the modulus and thermal
conductivity increase. Unfortunately, the viscosity of the material
also increases with an increase in filler loading. During the
application of these filled materials for electronic packaging,
underfill encapsulants are  required to have a low viscosity (for
example, less than 0.7 Pa-s at the dispense temperature) for adequate
processing and complete, void-free, underfilling of a die. Thus,
relatively higher application temperatures are required to ensure
adequate flow of conventional, highly-filled underfill formulations.
Typical capillary underfill formulations incorporate the digycidyl
ethers of bisphenol A or bisphenol F along with modifiers to improve
the thermomechanical properties, such as the glass transition
temperature (TO, of the cured system. For example, U.S. Patent No.
7,482,201 teaches the use of Epon(r) 862 and Epon(r) 828 (Hexion
Specialty Chemicals), along with Araldite(r) MY-0510 (Huntsman
Advanced Materials) for nano-filled underfill encapsulants. The
Epon(r) 862 is a bisphenol F based epoxy resin. The Epon(r) 828 is a
bisphenol A based epoxy resin, and the Araldite(r) MY-0510 is
4-(oxiran-2-ylmethoxy)-N,Nbis(oxiran-2-ylmethyl)aniline. U.S. Patent



In use, the solder bumps and bonding pads are fluxed to ensure good
solderability. Any suitable flux may be used and is within the
ability of those skilled in the art. The electronic component and the
substrate are positioned such that the solder bumps and bonding pads
are aligned. The assembly is then heated to reflow the solder and
electrically connect (that is, solder) the electronic component and
the substrate. The particular solder reflow temperature depends on
the solder bump composition and is well known to those skilled in the
art.        After the electronic component is soldered to the
substrate, the underfill composition is flowed between the electronic
component and the substrate. The underfill composition also flows
around the solder joints. The underfill composition may be applied
via a number of methods depending on the end application. For
example, typical application methods include syringe or cartridge
dispensing for underfill applications. Suitable dispensing machines
are manufactured by Asymtek, A Nordson Company, or Speedline
Technologies. The dispense valve design can include positive
displacement, time-pressure, jet dispense, or alternate valve design
with precise volume control. While generally not necessary for the
present underfill compositions, a vacuum may be used to help draw the
underfill composition between the electronic component and the
substrate and around the solder joints.       Once the underfill
composition Fills the space between the electronic component and the
substrate, the underfill composition is then cured. The curing of the
composition may be carried out at a predetermined temperature and for
a predetermined period of time sufficient to cure the composition.
The particular curing conditions may be dependent on the hardeners
used in the underfill composition. For example, the curing
temperature may be generally from 10 C to 200 C; preferably from 100C
to 190 C; and more preferably from 125 C to 175 C. Suitable curing
times may be from 1 minute to 4 hours, preferably from 5 minutes to 2
hours, and more preferably from 10 minutes to 1.5 hours. Below a
period of time of 1 minute, the time may be too short to ensure
sufficient reaction under conventional processing conditions; and
above 4 hours, the time may be too long to be practical or
economical.       Preferably, the present underfill composition is
cured by heating the underfill composition at a first temperature of
75 to 100 C for 2 to 90 minutes, and then heating the underfill
composition at a second temperature of 125 to 200C for 2 to 180
minutes. Preferably, the first temperature is from 80 to 95 C, and
more preferably from 80 to 90 C. The underfill composition is
preferably subjected to the first temperature for a period of 5 to 90
minutes, and more preferably from 15 to 60 minutes. The second
temperature is preferably in the range of 135 to 200 C, and more
preferably from 150 to 180C. Preferably, the underfill composition is
subjected to the second temperature for a period of 10 to 150
minutes, more preferably from 20 to 150 minutes, and still more
preferably from 30 to 120 minutes.       With reference to Figure 1,
there is shown a cross section of an electronic assembly, such as a
flip chip package, generally indicated by numeral 10, including
substrate 12 having optional solder balls 13 on a lower surface of
substrate 12. In addition, the electronic  assembly 10 includes an
electronic component 14, such as a die, electrically connected to
substrate 12 through solder joint 15 (formed from a solder bump on
electronic component 14 and a bonding pad on substrate 12) having



Structure V       The chemical formula of the above DVBDO compound is
C10H1002; the molecular weight of the DVBDO is 162.2; and the
elemental analysis of the DVBDO is: C, 74.06; 6.21; and 0, 19.73 with
an epoxide equivalent weight of 81 g/mol. Structure VI below
illustrates an embodiment of a preferred chemical structure of the
DVBDO useful in the present invention:  Structure VI       Structure
VII below illustrates another embodiment of a preferred chemical
structure of the DVBDO useful in the present invention:  <c)
Structure VII       When DVBDO is prepared by the processes known in
the art, it is possible to obtain one of three possible isomers:
ortho, meta, and para. Accordingly, the present invention includes a
DVBDO illustrated by any one of the above Structures individually or
as a mixture thereof. Structures VI and VII above show the meta
(1,3-DVBDO) and para isomers of DVBDO, respectively. The ortho isomer
is rare; and usually DVBDO is mostly produced generally in a range of
from 9:1 to 1:9 ratio of meta (Structure VI) to para (Structure VII)
isomers. The present invention preferably includes as one embodiment
a range of from 6:1 to 1:6 ratio of Structure VI to Structure VII,
and in other embodiments the ratio of Structure VI to Structure VII
may be from 4:1 to 1:4 or from 2:1 to 1:2.       In yet another
embodiment of the present invention, the divinylarene dioxide may
contain quantities (such as for example less than 20 wt%) of
substituted arenes. The amount and structure of the substituted
arenes depend on the process used in the preparation of the
divinylarene precursor to the divinylarene dioxide. For example,
divinylbenzene prepared by the dehydrogenation of diethylbenzene
(DEB) may contain quantities of ethylvinylbenzene (EVB) and DEB. Upon
reaction with hydrogen peroxide, EVB produces ethylvinylbenzene
monoxide while DEB remains unchanged. The presence of these compounds
can increase the epoxide equivalent weight of the divinylarene
dioxide to a value greater than that of the pure compound but can be
utilized at levels of 0 to 99% of the epoxy resin portion.         In
one embodiment, the divinylarene dioxide useful in the present
invention comprises, for example, divinylbenzene dioxide (DVBDO), a
low viscosity liquid epoxy resin. The viscosity of the divinylarene
dioxide used in the process of the present invention ranges generally
from 0.001 Pa-s to 0.1 Pa-s, preferably from 0.01 Pa-s to 0.05 Pa-s,
and more preferably from 0.01 Pa-s to 0.025 Pa-s, at 25 C.       The
concentration of the divinylarene oxide used in the present invention
as the epoxy resin portion of the formulation may depend on the
fractions of the other formulation ingredients, however, in general
the epoxy resin portion ranges from 0.5 wt% to 100 wt%, preferably,
from 1 wt% to 99 wt%, more preferably from 2 wt% to 98 wt%, and even
more preferably from 5 wt% to 95 wt%. For example, the concentration
of DVBDO in the formulation will depend on other formulation
ingredients, however in general, the concentration of the DVBDO is
from 1 wt% to 99 wt%, preferably from 5 wt% to 90 wt%, and most
preferably from 7 wt% to 60 wt% based on the weight of the total
composition. In one embodiment of the system of the present
invention, DVBDO is the epoxy resin component and the DVBDO is used
in a concentration of from 20 wt% to 80 wt% based on the weight of
the total composition.       In the broadest terms of the present
invention, a hardener (curing agent or cross-linker) or curing agent
blend (mixture of hardeners) is used in the underfill composition of
the present invention. Generally, any hardener known in the art which



Filler loadings useful in the present invention may vary. The
concentration of the filler is generally from 0 wt% to 99 wt%,
preferably from 0.1 wt% to 95 wt%, more preferably from 10 wt% to 90
wt%, and most preferably from 50 wt% to 80 wt% based on the weight of
the solids in the composition. Volumetric loadings can range from 0
to 90 vol%, more preferably from 0.1 to 90 vol%, still more
preferably up to 85 vol%, yet more preferably from 0.1 to 85 vol%,
still more preferably from 1 to 85 vol% and most preferably from 1 to
70 vol%, depending on the desired properties.       It is well-known
that the high filler loadings required in conventional epoxy-based
underfill compositions provide many technical challenges, such as
greatly increasing the viscosity of the underfill compositions,
reducing the flowability of the compositions between the electronic
component and the substrate, and requiring higher application
temperatures. The ever shrinking pitch size of solder bumps and
bonding pads compounds this difficulty. It has been found that the
present underfill compositions exhibit low viscosity and excellent
flowability even with relatively high filler loadings. Specifically,
the present invention provides a composition including a divinylarene
diepoxide, a curing agent, and a filler, wherein the composition has
a viscosity of from 0.005 to 100 Pa-s at 25 C when the filler is
present in an amount of 1 to 70 vol%, based on the total volume of
the composition. Preferably, the composition has a viscosity of from
0.01 to 25 Pa-s at 25 C, and more preferably from 0.01 to 10 Pa-s at
25 C, when the filler is present in an amount of I to 70 vol%. In a
particularly preferred embodiment, the composition has a viscosity of
from 0.005 to 1 Pa-s at 25 C when the filler is present in an amount
of 50 to 70 vol%. It is preferred that in such composition the
divinylarene diepoxide is divinylbenzene dioxide. A further advantage
of the present underfill composition sis that they can be applied at
or near room temperature, which is significantly lower than
conventional underfill compositions.        The underfill
compositions of the present invention advantageously may use a wide
array of hardeners and the composition allows more choices of
fillers, such as nano fillers than conventional underfill
compositions, thus the formulation options of the present
compositions are broadened. The present underfill compositions also
have low (for example, less than 5 ppm) to no total halides. In
addition, because the present underfill compositions also allow high
filler loading, the underfill compositions can achieve lower CTE (for
example less than 30 ppm/C below the Tg) or better thermal
conductivity (for example, greater than 1.0 W/mK) at the same flow
rate during application or better flow rate at same CTE or heat
conductivity.       Other optional components that may be useful in
the present underfill compositions are components normally used in
resin formulations known to those skilled in the art. For example,
the optional components may comprise compounds that can be added to
the composition to enhance application properties (for example,
surface tension modifiers or flow aids), reliability properties (for
example, adhesion promoters) the reaction rate, the selectivity of
the reaction, and/or the catalyst lifetime.       An assortment of
additives may be added to the compositions of the present invention
including for example, other resins such as epoxy resins that are
different from the divinylarene dioxide, component (a), diluents,
stabilizers, fillers, plasticizers, catalyst de-activators,



All the components of the epoxy resin formulation are typically mixed
and dispersed at a temperature enabling the preparation of an
effective epoxy resin composition having a low viscosity for the
desired application. The temperature during the mixing of all
components may be generally from 20 C to 80 C and preferably from 25
C to 35 C. Lower mixing temperatures help to minimize reaction of the
resin and hardener components to maximize the pot life of the
formulation.       The blended compound is typically stored at
sub-ambient temperatures to maximize shelf life. Acceptable
temperature ranges are for example from -100 C to 25 C, more
preferably, from -70 C to 10 C, and even more preferably at from -50
C to 0 C. As an illustration of one embodiment, the temperature may
be -40 C.       The divinylbenzene dioxide (DVBDO), the epoxy resin
of the present invention, may be used as the sole resin to form the
epoxy matrix in the final formulation; or the divinylbenzene dioxide
resin may be used as one of the components in the final formulation.
For example the epoxy resin may be used as an additive diluent. The
use of divinylbenzene dioxide imparts improved properties to the
curable composition and the final cured product over conventional
glycidyl ether, glycidyl ester or glycidyl amine epoxy resins.
Specifically, the use of DVBDO allows for relatively high filler
loading while maintaining a relatively low viscosity at 25 C.
In addition, the use of divinylbenzene dioxide provides a desirable
low to no total halogen content to maintain the reliability of an
electronic assembly's performance in high humidity testing and field
use over the lifetime of the device. The halogen content, such as
chlorine content, is generally less than 500 ppm; preferably less
than 100 ppm, and more preferably less than 5 ppm.       The cured
underfill composition (that is, the cross-linked product made from
the curable composition) of the present invention shows several
improved properties over cured conventional, epoxy-based underfills.
For example, the cured underfill of the present invention may have a
glass transition temperature (Tg) of from -55 C to 300 C. Generally,
the Tg of the resin is higher than -60 C, preferably higher than 0 C,
more preferably higher than 10 C, more preferably higher than 25 C,
and most preferably higher than 50 C. Below -55 C, the technology
described in this application does not provide any further
significant advantage versus the conventional technology described in
the prior art; and above 200 C, the technology described in the
present application generally would lead to a very brittle network
without the inclusion of toughening technologies which is not
suitable for the applications within the scope of the present
application and could also cause significant warpage of the device at
low temperatures (for example, less than 0 C). Preferably, the cured
underfill composition of the present invention exhibits a glass
transition temperature of from 25 to 300 C, more preferably from 50
to 250 C and most preferably from 50 to 225 C via ASTM D 3418.
Due to the elimination of epichlorohydrin during the epoxidation of
the vinyl groups, there is little to no hydrolyzable or total
chlorides present in the resin. Therefore, the present  underfill
composition exhibits a hydrolyzable chloride content via ion
chromatography after Parr bomb extraction of approximately 60 mesh
particles at 120 C for 24 hours of from 0.00001 and 5000 ppm,
preferably from 0.00001 and 100 ppm and most preferably less than 5
ppm.       The structures below show the various products and



O0 o/           The cured underfill composition of the present
invention exhibits a fracture toughness measured by ASTM D 5045 (at
room temperature) value higher than 1.0 MPa.m1/2, preferably higher
than 1.7 MPa.mu2, and more preferably higher than 2.0 MPa.m1/2
(megaPascals per meter).       The cured underfill composition of the
present invention exhibits a flexural modulus below the Tg of higher
than 1 GPa, preferably higher than 2 GPa and more preferably between
3.5 MPa and 15 GPa via ASTM D 790.       The cured underfill of the
present invention exhibits a CTE below the Tg of 65 ppm/C, and
preferably lower than 50 ppm/C via ASTM D 5335.       The underfill
compositions of the present invention exhibit a weight loss during
cure of less than 10 percent via thermogravimetric analysis according
to ASTM E 1131.       In one embodiment, the epoxy resin formulations
of the present invention, utilizing the diepoxide derivative of
divinylarene, may be used as capillary underfill encapsulant for
semiconductor packaging materials. The use of the epoxy resin
formulation enables relatively high filler loading (for example, >30%
by volume, such as from 30 to 85 vol%), high Tg values after cure
(for example, > 90 C), and very low to no total chloride
contamination for example, <5 ppm) imparted by the resin. In
addition, this resin enables a number of different hardeners to be
used, unlike conventional low viscosity cycloaliphatic epoxy resins.
The comparatively low chloride contamination results from the
synthetic route to manufacture the molecule which does not utilize
halogenated intermediates, for example epich orohydrin. EXAMPLES
The following examples and comparative examples further illustrate
the present invention in detail but are not to be construed to limit
the scope thereof. Example 1-3 and Comparative Examples A and B
A set of experiments was constructed to explore the impact of filler
loading and resin on key properties of interest. Comparative Examples
A and B and Examples 1 through 3 were prepared according to the
following procedure:       The ingredients of each composition were
placed into a lidded 75 milliter (mL) polypropylene plastic jar and
blended at 3200 revolutions per minute (rpm) for 120 seconds using a
SpeedMixer (r) DAC 150 distributed by FlackTek. The filler loading
levels were 35 %, 50 %, and 65 % by weight on solids. The
experimental design also included resin type as a variable utilizing
D.E.R. TM 354 (a bisphenol F based epoxy resin with an average epoxy
equivalent weight (EEW) of 174 g/mol, and commercially available from
The Dow Chemical Company; and divinylbenzene dioxide (DVBDO). A
center point was included which combined the two resins at a 1:1
weight ratio while maintaining a 1:1 stoichiometric balance with an
aromatic amine hardener, dethyltoluenediamine (DETDA).       Other
raw materials used in these examples are described as follows:
Ethacure 100 is DETDA commercially available from Albemarle
Corporation; Byk-A 530 is a polysiloxane defoaming aid produced by
Byk-Chemie, GmbH, Germany; Byk W996 is a wetting aid that is a
copolymer with acidic groups (acid value of 71 mg KOH/g) produced by
Byk-Chemie, GmbH, Germany; Silane Z-6040 is a epoxy functional silane
coupling agent produced by Dow-Corning; Modaflow is a surface tension
modifier / flow aid produced by Ctyec Surface Specialties; and Denka
FB-1SDX is a fused, synthetic spherical silica powder with a mean
particle size of about 1.5 microns produced by Denka Co JP, Japan.
Coat 0 Sil 2810 is an epoxy terminated polydimethylsiloxane from
Momentive. Jeffamine D230 is a polyetheramine from Hunstman



Comparative Example B Example 1 Example 2 Example 3 D.E.R. 354 0.5074
0.2677 0.1735 0.0000 0.0000 DVBDO 0.0000 0.0000 0.1735 0.4115 0.2171
DETDA (Ethacure 100) 0.1276 0.0673 0.1379 0.2235 0.1179 Byk-A 530
0.0025 0.0025 0.0025 



0.0025 0.0025 Byk W996 0.0025 0.0025 0.0025 0.0025 0.0025 Silane
Z-6040 0.0070 0.0070 0.0070 0.0070 0.0070 Modaflow 0.0030 0.0030
0.0030 0.0030 0.0030 Denka FB-1SDX 0.3500 0.6500 0.5000 0.3500 0.6500



1.0000 1.0000 1.0000 1.0000 1.0000 Moles of Epoxy / 100 g 0.2900
0.1530 0.3134 0.5080 0.2680 Moles of Hardener / 100 g 0.2900 0.1530
0.3134 0.5080 0.2680 Ratio 1.0000 1.0000 1.0000 1.0000 1.0000 Weigh
Up    



D.E.R. 354 10.15 5.35 3.47 0.00 0.00 DVBDO 0.00 0.00 3.47 8.23 4.34
DETDA (Ethacure 100) 2.55 1.35 2.76 4.47 2.36 Byk A530 0.05 0.05 0.05
0.05 0.05 Byk W996 



0.05 0.05 0.05 0.05 0.05 Silane Z-6040 0.14 0.14 0.14 0.14 0.14
Modaflow 0.06 0.06 0.06 0.06 0.06 Denka FB-1SDX 7.00 13.00 10.00 7.00
13.00  20.00 20.00 20.00 



20.00 20.00        After blending in the Speedmixer and degassing in
a vacuum oven for 15 minutes at about 3000 Pa, 8 grams (g) of each
sample were placed into separate aluminum weighing pans. The pans
were placed into an oven at 150 C for 60 minutes and then into a 175
C oven for 90 minutes. After cooling the samples (slugs) were removed
from the aluminum pan and cut using a Buehler Isomet 1000 saw. A
small sample, approximately 3  mm x 3 mm was cut from each slug and
analyzed via thertnomechanical analysis (TMA) utilizing a TA
Instruments Q400 thermomechanical analyzer fitted with a 3 mm probe.
The analysis procedure consisted of one element; ramp at 10 C/minute
from room temperature (about 25 C) to 275 C with a nitrogen purge of
50 mL/minute at a force of 0.05 N. Universal Analysis data analysis
software (commercially available from TA Instruments) was then
utilized to determine the glass transition temperature (Tg) (onset)
and the CTE below the Tg (al CTE) for the sample analyzed.
Viscosity versus temperature of the blended samples was measured
using a TA Instruments ARES Analyzer (TA Instruments) fitted with a
35 mm upper plate and a 50 mm lower plate. The test procedure
consisted of a dynamic temperature ramp from 25 C to 250 C at 5
C/minute ramp rate.       Table II below contains a summary of the
data collected on model underfill formulations. Of note is the
combination of high Tg and low viscosity. The Tg via TMA of the DVBDO
based samples are about 70 C higher than those made with D.E.R. TM
354. In addition the minimum viscosity of the DVBDO sample at 65 %
filler loading is 20 % of the sample made with D.E.R. 354. Of note
also is the relatively low Tg of the D.E.R. 354 system without the
use of any catalyst. Table II - Properties   Comparative Example A
Comparative Example B Example 1 Example 2 Example 3 Filler Loading, %
(fused silica, D50=1 ftm) 35  65 65 50 35  Resin Package 50:50 



(D.E.R. 354 = Bisphenol-F D.E .R. 354 D.E.R. 354 (D.E.R. DVBDO DVBDO
epoxy) 354:        DVBDO)   Minimum Viscosity, Pa-s     



(ARES, 5C/minute ramp) 0.0461 0.4139 0.0316 0.0129 0.0863 Minimum
Viscosity, C      (ARES, 5 C/minute ramp) 128 119 128 108 105  Tg, C
(TMA, 10 C/minute ramp) 



113 112 151 189 186  al CTE, ppm/C      (TMA, 10 C/minute ramp) 64 38
57 32 50    Examples 4 - 10        Examples 4 through 10 were carried
out using the same procedure as described in Examples 1-3; and
included the following raw materials: DVBDO, a dioxide, available
from The Dow Chemical Company; Ancamide 506, a polyamide hardener,
commercially available from Air Products; Jeffamine CD D230, a
polyetheramine, commercially available from Huntsman Corporation;
Silazane Z-6079 (hexamethyldisilazane) commercially available from
Dow Corning; MP-15EF - Silica filler commercially available from
Tatsumori Ltd, Japan; and Silane Z-6040, an epoxy slime, commercially
available from Dow Corning.      The formulations of Examples 4
through 10, described in Table III, were blended utilizing a
SpeedMixer(r) DAC150 (FlackTek, Landrum, SC) according to the
following procedure:      Add DVBDO and MP 15EF to a 75 mL lidded
polypropylene jar. Mix at 3500 rpm for 50 seconds. Add Silane Z-6079
and mix at 3500 rpm for 120 seconds. Add hardeners and Silane 6040
and mix at 3500 rpm for 60 seconds. Then place in a vacuum oven at 25
C at about 3000 Pa for 15 minutes to degas the samples.  



Table III - Formulations   Example Example Example Example Example
Example Example  4 5 6 7 8 9 10 DVBDO 0.2596 0.2574 0.1683 0.2021
0.1501 0.1427 0.2183 Ancamide 506 



0.0000 0.0000 0.0000 0.0505 0.0817 0.1058 0.1618 Jeffamine D230
0.1070 0.1354 0.0885 0.0505 0.0000 0.0000 0.0000 Amicure PACM 0.0713
0.0451 0.0295 0.0590 0.0545 0.0378 0.0578 Silane Z-6079 0.0061 0.0061
0.0077 



0.0069 0.0077 0.0077 0.0061 MP 15 EF Silica 0.5500 0.5500 0.7000
0.6250 0.7000 0.7000 0.5500 Silane Z-6040 0.0060 0.0060 0.0060 0.0060
0.0060 0.0060 0.0060 Total 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 



1.0000 Moles of Epoxy / 100 g 0.3205 0.3178 0.2078 0.2495 0.1853
0.1762 0.2695 Moles of Hardener / 100 g 0.3142 0.3116 0.2037 0.2446
0.1816 0.1727 0.2642 Ratio 1.0200 1.0200 1.0200 1.0200 1.0200 1.0200
1.0200 DVBDO 3.89 



3.86 2.52 3.03 2.25 2.14 3.27 Ancamide 506 0.00 0.00 0.00 0.76 1.23
1.59 2.43 Jeffamine D230 1.61 9.03 1.33 0.76 0.00 0.00 0.00 Amicure
PACM 1.07 0.68 0.44 0.88 



0.82 0.57 0.87 Silane Z-6079 0.09 0.09 0.12 0.10 0.12 0.12 0.09 MP 15
EF 8.25 8.25 10.50 9.38 10.50 10.50 8.25 Silane Z-6040 0.09 0.09 0.09
0.09 0.09 0.09 0.09 



Total 15.00 15.00 15.00 15.00 15.00 15.00 15.00        After the
final mix step, samples of the formulations were analyzed using a TA
Instruments AR2000 rheometer. The rheometer was fitted with a 60 mm,
1 degree cone. The test procedure consisted of a pre-shear at 10 sec'
for 30 seconds followed by a 120 second hold at 10 secd both steps at
25 C and data points recorded every 2 seconds. The viscosity value
reported is the average of the last 10 data points. Approximately 9 g
of each sample were poured into aluminum weighing dishes and  cured
at 85 C for 45 minutes followed by 45 minutes at 175 C. The cured
samples were removed from the oven and allowed to return to room
temperature then placed in plastic storage bags.        A TA
Instruments 2920 Dual Cell DSC was used to determine the Tg of the
samples after cure. The procedure consisted of a singe ramp from 25 C
to 300 C at a 10 C/min ramp rate with a nitrogen purge of 50
mL/minute. The Tg was determined using the extrapolated tangents
method in the TA Instruments Universal Analysis software. A small
piece (approximately 15 mg) was cut from each cured sample and
analyzed according to the preceding method.       In addition, a TA
Instruments Q400 Thermomechanical Analyzer was used to measure the
CTE of each sample. The values below (al) and above (a2) the Tg are
reported. The procedure consisted of a single temperature ramp from
25 C to 300 C at 5 C/minute ramp with a nitrogen purge of 50
mL/minute. The results are described in Table IV. Table IV -
Properties  Example 4 Example 5 Example 6 Example 7 Example 8 



Example 9 Example 10 Viscosity, Pa-s (10 sec-1, 25C) 0.081 0.071
0.252 0.140 0.455 0.515 0.180 Tg After Cure, C (DSC, 10 C/minute
ramp) 143 125 126 146 152 134 139 CTE Below Tg, ppm/C (TMA, 5
C/minute ramp) 42 37 26 39 38 



51 74 CTE Above Tg, ppm/C (TMA, 5 C/minute ramp) 102 98 63 93 78 81
112  What is claimed is: 1.A method of making an electrical assembly
comprising: providing an electronic component and a substrate,
wherein one of the electronic component and the substrate has a
plurality of solder bumps and the other has a plurality of electrical
bonding pads; electrically connecting the electronic component and
the substrate; forming an underfill composition between the
electronic component and the substrate; and curing the underfill
composition; wherein the underfill composition comprises a
divinylarene diepoxide. The method of claim 1, wherein the
divinylarene dioxide is divinylbenzene dioxide.  3. The method of
claim I wherein the underfill composition further comprises a curing
agent.  4. The method of claim 1 wherein the underfill composition
further comprises a filler in an amount of up to 85 vol%.  5. The
method of claim 4 wherein the filler is present in an amount of 50 to
70 wt% and wherein the underfill composition has a viscosity of 0.05
to 1 Pa-s at 25 C.  6. The method of claim I wherein the curing step
comprises: heating the underfill composition at a first temperature
of 75 to 100 C for 2 to 90 minutes, and then heating the underfill
composition at a second temperature of 125 to 200C for 2 to 180
minutes.  7. An electronic assembly comprising an electronic
component electrically connected to a substrate with an underfill
composition between the electronic component and the substrate,
wherein the underfill composition comprises a reaction product of a
divinylarene diepoxide.  8. The electronic assembly of claim 7
wherein the underfill composition further comprises a filler.  9. A
composition comprising a divinylarene diepoxide, a curing agent, and
a filler, wherein the composition has a viscosity of 0.005 to 100
Pa-s at 25 C when the filler is present in an amount of 1 to 70 vol%,
based on the total volume of the composition.  10. The composition of
claim 9 wherein the divinylarene diepoxide is divinylbenzene dioxide.


