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ENGINEERED POLYMER-BASED
ELECTRONIC MATERIALS

[0001] The invention relates to a polymer composition for
use 1n the manufacture of electronic components and devices
as well as 1n electronic assembly and packaging.

[0002] Surface-mount technology (SMT) 1s a method for
producing electronic circuits 1n which the components are
mounted or placed directly onto the surface of printed circuit
boards (PCBs). An electronic device so made 1s called a
surface-mount device (SMD). In the electronics industry
SMT has largely replaced the through-hole technology con-
struction method of fitting components with wire leads 1nto
holes 1n the circuit board. Both technologies can be used on
the same board for components not suited to surface mount-
ing such as large transformers and heat-sinked power semi-
conductors. An SMT component 1s usually smaller than 1ts
through-hole counterpart because 1t has either smaller leads
or no leads at all. It may have short pins or leads of various
styles, tlat contacts, a matrix of solder balls (BGAs), or
terminations on the body of the component.

[0003] Where components are to be placed, the printed
circuit board normally has flat, usually tin-lead, silver, or
gold plated copper pads without holes, called solder pads.
Solder paste, a sticky mixture of flux and tiny solder
particles, 1s first applied to all the solder pads with a stainless
steel or nickel stencil using a screen printing process. It can
also be applied by a jet-printing mechanism, similar to an
inkjet printer. After pasting, the boards then proceed to the
pick-and-place machines, where they are placed on a con-
veyor belt. The components to be placed on the boards are
usually delivered to the production line in either paper/
plastic tapes wound on reels or plastic tubes. Some large
integrated circuits are delivered in static-iree trays. Numeri-
cal control pick-and-place machines remove the parts from
the tapes, tubes or trays and place them on the PCB. The
boards are then conveyed into the reflow soldering oven.
They first enter a pre-heat zone, where the temperature of the
board and all the components 1s gradually, uniformly raised.
The boards then enter a zone where the temperature 1s high
enough to melt the solder particles 1 the solder paste,
bonding the component leads to the pads on the circuit
board. The surface tension of the molten solder helps keep
the components in place, and 11 the solder pad geometries are
correctly designed, surface tension automatically aligns the
components on their pads. There are a number of techniques
for reflowing solder. One 1s to use inirared lamps; this 1s
called infrared reflow. Another 1s to use a hot gas convection.
Another technology which 1s becoming popular again 1s
special tluorocarbon liquids with high boiling points which
use a method called vapor phase retlow.

[0004] Solder joints 1n electronic devices are susceptible
to thermomechanical fatigue. This 1s because the work
pieces joimned by a solder joint typically have different
coellicients of thermal expansion (CTE). In addition, 1t 1s
desirable that, solder joints 1n electronic devices exhibit high
mechanical strength and high resistance to drop shock.
Accordingly, such joints are typically encapsulated with
materials known as “underfills”. Underfills are typically
composites of organic polymers and morganic fillers (e.g.
silica). Pre-cured and post-cured properties of such under-
f1lls are at the extreme ends of the matenials spectrum. The
pre-cured underfill 1s expected to flow freely like water
under the smallest gaps (typically less than 25 microns). The
cured undertill 1s expected to assume rock-hard, 1norganic-
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like properties, while bonding strongly to inorganic silicon
and organic substrates. Increasing the amount of filler may
improve the mechanical properties of the underfill. How-
ever, this may also increase the viscosity of the composition.
Accordingly, there 1s a need for underfill materials (or
alternatives to underfill materials) exhibiting reduced vis-
cosity 1n the uncured state and improved mechanical prop-
erties 1n the cured state. Furthermore, conventional underfill
materials cannot be cured using standard SMT retlow pro-
cesses and profiles. Accordingly, separate and distinct pro-
cessing steps are required when underfills are used, thereby
increasing the complexity of the process.

[0005] Among LED chip structures, flip-chip 1s the fastest
growing chip structure and 1s gaining market share from
both lateral structure and vertical structure LEDs. The
tlip-chip LED penetration 1s expected to grow from <5% 1n
2014 to >20% by 2020. Further, there 1s also significant
growth 1n flip chip CSP, 1.e. (Level 2) assembly, where the
CSP package has essentially the same footprint as the flip
chup LED die, thus reducing the package cost and footprint
for the same or enhanced power and lumen output.

[0006] For flip chip LED assembly 1n package, there 1s an
increasing trend to use SAC based solder pastes to create the
tlip chip interconnects between the tlip chip LED die and the
package substrate. Silver epoxy or sintered metal materials
can also be used to create the tlip chip interconnects between
the flip chip LED die and the package substrate.

[0007] There are significant issues faced by assemblers of
tlip chip LEDs on package substrate (Level 1 Attach) as well
as assemblers of CSP LEDs (Level 2). After reflow, if a
no-clean solder paste 1s used, flux residue 1s typically left
behind on the substrate around and between anode and
cathode solder pads. If retflow 1s not properly done, this can
result 1n potential shorts between the anode and cathode
solder interconnects 1n operation, especially 1n the presence
of moisture, due to the high current passing through the
interconnects and the voltage bias that 1s applied between
the anode and cathode. This same 1ssue could occur 1f silver
epoxy or sintered metal materials are used to create the flip
chip interconnects between the flip chup LED die and the
package substrate, or the CSP LED package and the board.
If the LED packager or assembler contemplates using com-
monly available underfill materials, a separate curing step 1s
required to cure the underfill (separate from the solder
reflow step), resulting 1n low throughput and increased costs.
Further, flip chip LED or CSP LED assembly with solder

paste can result 1in die or package tloat and tilt.

[0008] The present invention seeks to tackle at least some
of the problems associated with the prior art or at least to
provide a commercially acceptable alternative solution
thereto.

[0009] The present invention provides a composition for
use 1n an electronic assembly process, the composition
comprising a filler dispersed 1n an organic medium, wherein:

[0010] the organic medium comprises a polymer;

[0011] the filler comprises one or more of graphene,
functionalized graphene, graphene oxide, polyhedral
oligomeric silsesquioxane, graphite, a 2D matenal,
aluminum oxide, zinc oxide, aluminum nitride, boron
nitride, silver, nano fibers, carbon fibers, diamond,
carbon nanotubes, silicon dioxide and metal-coated
particles, and
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[0012] the composition comprises from 0.001 to 40 wt.
% of the filler based on the total weight of the com-
position.

[0013] Each aspect or embodiment as defined herein may
be combined with any other aspect(s) or embodiment(s)
unless clearly indicated to the contrary. In particular, any
features indicated as being preferred or advantageous may
be combined with any other feature indicated as being
preferred or advantageous.

[0014] The term “graphene” used herein encompasses a
single atomic plane of graphite (referred to as monolayer
graphene), or a few layers graphene, or multilayers of
graphene or graphene platelets.

[0015] The term *“2D materials” used herein encompasses
material having two dimensions that are proportionally
much larger than a third dimension. Examples of such
materials are boron nitride, molybdenum disulphide, tung-
sten diselenide, transition metals di-chalcogenides, nickel
HITP (2,3,6,7,10,11-hexaiminotriphenylene), germanane,
graphane, phosphorene, stanene, silicine, borophene, gra-
phyne, fluormated graphene and 2D synthesized metals such
as Palladium and Rhodium.

[0016] The term “graphene oxide” used herein encom-
passes the molecular sheets obtained when graphite oxide 1s
dispersed 1n a basic medium. Graphene oxide comprises
graphene sheets with oxygen-containing functional groups
on the surface thereof.

[0017] The term “funtionalised graphene” used herein
encompasses graphene having one or more functional

groups on the surface thereof.

[0018] The term “polyhedral oligomeric silsesquioxanes™
(POSS) used herein encompasses nanostructures with the
empirical formula RS10, ., where R may be a hydrogen
atom or an organic functional group such as, for example,
alkyl, alkylene, acrylate, hydroxyl or epoxide. POSS may be
referred to as a silica nanoparticle consisting of a silica cage
core, as well as other organic functional groups attached to
the corners of the cage. POSS consists of both organic and
inorganic matter with an inner core of 1norganic silicon and
oxygen and an outer layer of organic constituents, which
could be either polar or nonpolar. Silsesquioxanes structures
can be random, ladder, cage or partial cage. POSS nano-
structures have diameters 1n the range 1-3 nm and, hence,
may be considered as the smallest existing silica particles.
The molecular structure of a polyhedral oligomeric silses-
quioxane 1s as follows:
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[0019] The term “surface-mount technology” (SMT) used
herein encompasses a method for producing electronic cir-
cuits 1n which the components are mounted or placed
directly onto the surface of printed circuit boards (PCBs).

[0020] The term “‘surface-mount process” used herein
refers to a process using SMT.
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[0021] The term “curable” used herein means that the
species to which it refers (1.e. composition or polymer) 1s
capable of undergoing cross-linking of polymer chains,
brought about by, for example, electron beams, lasers, UV,
heat or chemical additives.

[0022] The term ‘‘electronic assembly process” used
herein refers to a process for the manufacture of an elec-
tronic device or component which also 1ncludes processes
generally referred to as SMT.

[0023] The term “polymer” used herein typically refers to
thermoplastic or thermosetting polymers.

[0024] The mventors have found that the composition
exhibits 1mproved mechanical strength and/or thermal
fatigue resistance and/or barrier characteristics 1n compari-
son to compositions that do not contain a filler. In particular,
the said composition may exhibit one or more of improved
mechanical and thermal properties such as drop shock
resistance, flexural bend resistance, thermal shock resis-
tance, CTE, vield strength, fracture toughness, modulus,
thermal cycling resistance and so on.

[0025] Such characteristics are particularly advantageous
when the composition 1s used 1n a method of manufacturing
an electronic device, since such characteristics may be
transierred to the device. For example, the composition may
be used in place of conventional underfill materials to
reinforce (via encapsulation) solder joints formed between
tflip chip and organic circuit boards, which may experience
thermomechanical strain as a result of the differing thermal
expansions of the tlip chip and organic printed circuit board.

[0026] The composition may be used 1n a solder paste as
a solder flux. On heating the solder paste between two work
pieces, a solder joint may be formed and the composition
may cure and encapsulate the solder joint, thereby reinforc-
ing the solder joint. Alternatively, the composition may be
used, for example, 1n a conductive adhesive, where 1t 1s

desired that the final adhesive bond exhibits high mechanical

strength and/or thermal fatigue resistance.

[0027] The favorable mechanical and/or thermal fatigue
properties may be exhibited by the composition at 100%
collar or fillet heights or lower than 100% collar or fillet
heights.

[0028] The flow dynamics and/or the cure kinetics of the
polymer may advantageously prevent dislodging and pos-
sible transport of un-retflowed solder paste and may advan-
tageously achieve higher Tg and favorable thermomechani-
cal properties.

[0029] The polymer may be a curable polymer. The com-
position may be processed using a standard SMT line, and
may be cured or set using standard SMT reflow processes
and profiles. This 1s particularly advantageous since, unlike
conventional underfill matenials, it does not require separate
and distinct processing steps during the electronic assembly
process. Accordingly, an electronic assembly process using
the composition of the present mvention 1s simplified in
comparison to an electronic assembly process using con-
ventional underfill materials. The composition may be cured
by, for example, heat, laser or UV. The composition 1s
typically cured using heat, for example in a reflow oven
along with solder paste. The temperature used is typically
from 200 to 300° C., for example about 245° C. as peak

temperature.
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[0030] The composition 1s stable at room temperature,
casily process-able and compatible with solder paste resi-
dues. The composition typically exhibits a paste-like or
gel-like consistency.

[0031] The composition may be used for both low pres-
sure and high pressure molding, over-molding, potting and
encapsulation. The compositions may be used 1n concert
with printed and/or deposited solder paste.

[0032] The composition has applications such as, for
example, standard electronic assembly for manufacturing
systems such as, for example, phones, computers, cameras,
tablets and displays; semiconductor packaging; and assem-
bly of similar systems such as, for example, PV modules and
batteries.

[0033] Examples of the celectronic assembly process
include, for example, die attach, flip chip, package on board,
ball grid array (BGA), surface mount technology (SMT) and
LED manufacturing processes. The electronic assembly
process 1s preferably a surface mount technology (SMT)
process.

[0034] The filler 1s dispersed 1n the organic medium. In
other words, the organic medium forms the continuous
phase and the filler comprises the discontinuous phase.
[0035] The filler may be in the form of, for example,
spheres, rods, platelets and/or flakes. The filler may have a
largest dimension (or largest diameter when the filler 1s 1n
the form of a sphere) of from 1 nm to 25 um, for example
from 1 to 100 nm, or from 1 to 10 nm, or from 0.1 to 25 um,
or from 1 to 5 um (measured, for example, by SEM).
[0036] The composition may be 1n the form of a film, for
example a B-stage film (1.e. a film in which the composition
1s partially cured). The film may be pre-applied to a work
piece and may be formed around the work piece using
stamping, e.g. hot stamping.

[0037] The composition 1s particularly beneficial when
used 1 a tlip chip LED attach method or a flip chip CSP
(Chip-Scale Package) LED attach method.

[0038] When applied during flip-chip assembly on a sub-
strate (Level 1), the composition may remforce die attach
interconnects (solder, sintered metal or even AuSn), thereby
improving the reliability of the package. This reinforcement
results 1n improvement 1n die shear values recorded after the
assembly. The composition can also be applied during
tlip-chip or CSP package assembly on board (Level 2). The
composition reimnforces the package on board solder inter-
connects which results 1n an increase of the component shear
values.

[0039] In conventional tlip-chip attach methods, underfill
material 1s used to reinforce tlip-chip assemblies against the
stresses that originate from the coethicient of thermal expan-
sion (CTE) mismatch between the substrate and the die.
However this approach suflers from many disadvantages.
First, the stresses 1n the solder joints (from CTE mismatch
between die and the substrate) are generated right after the
assembly cools down are the solder joint reflow. The appli-
cation of the underfill material after retflow only reinforces
the joints against failure from the reflow stress and addi-
tional stresses that the assembly may encounter during
temperature excursions during reliability testing and life-
time. This approach does not prevent the development of
CTE mismatch stresses during the reflow step. Secondly, the
underfill 1s applied after the die-attach (or package attach).
It 1s usually dispensed around the edges of the die-substrate
assembly. The undertill then travels around the solder joints
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by the capillary forces to fill in the space between die (or
package) and the substrate. Unfortunately, the driving force
from the capillary action 1s not suflicient enough to {ill 1n the
gap between the die and the substrate when the stand-off
height (the height between the die and the substrate) 1s about
50 microns or less. Finally, once the underfill 1s filled 1n, the
assembly 1s put 1n an oven to cure the underfill to achieve the
desired properties for reinforcement of the solder joints. This
extra undertill curing step may take an additional 1-2 hours.

[0040] Use of the composition of the present mmvention
may overcome the disadvantages of the traditional undertill
process. Since the composition 1s typically applied before
the solder interconnects are made there 1s no limitation on
the stand-off height between the die (or package) and the
substrate. Assemblies with stand-ofl heights of 25 microns
(or lower) can be easily reinforced. Secondly, since the
composition cures during the solder reflow step (typically 1n
a reflow oven), an extra curing step 1s not required. This
increases the assembly throughput and reduces the cost of
the process. Finally since the composition 1s already cured
and locked 1n the assembly between or around the bumps,
betore the assembly cools down after the reflow, 1t counter-
acts the generation of the CTE mismatch stresses around the
solder joints 1n the first place.

[0041] Adter formation of the solder joint, the composition
of the present invention may cure mto a low stress thermoset
between or around the solder joint. During subsequent
reflows, 1t holds the die down and eflectively locks the
solder into shape. This enables the assemblies with solder
joits to survive multiple retflows without change 1n bond-
line thickness or package tilt or float. The composition
cnables the use of traditional SAC based alloys for die-
attach 1n applications that require many reflows without the
yield loss associated with solder joint re-melting.

[0042] As flip-chip and CSP LEDs are getting smaller the
gaps between the P/N pads are getting as small as 70-100
microns. In a conventional process, after reflow if the solder
paste residue 1s not cleaned properly 1t results in current
leakage during reliability testing at high temperature,
humidity and reverse bias. Sometimes cleaning with stand-
ofl heights less than 50 microns 1s not practical. Application
of the composition of the present mvention between the
solder pads before reflow may eliminate current leakage
during reverse bias testing. It may therefore bring significant
reliability improvement to LED manufacturers without any
additional cleaning step.

[0043] As tlip-chup and CSP LEDs are getting smaller,
their assembly with regular solder paste has become chal-
lenging due to the die (or package) tilt, float and rotation
during retlow. As the solder melts during retlow 1ts surface
tension lifts up (and shiits) the die (or package) and the small
weight of these components 1s not enough to hold the die in
its place. The composition of the present invention, when
applied on the solder pads belfore reflow, may provide the
tackiness that counteracts the lateral surface tension forces
from the molten solder. The composition may ensure that
this counteracting force 1s just right to ensure anchoring of
the component to the board without compromising the
ability of the solder to wet the die and make the joint.

[0044] The composition comprises from 0.001 to 40 wt. %
of the filler based on the total weight of the composition.

Preferably, the composition comprises from 0.01 to 10 wt. %
of the filler based on the total weight of the composition,
more preferably from 0.02 to 5 wt. % of the filler based on
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the total weight of the composition, even more preferably
from 0.03 to 4 wt. % of the filler based on the total weight
of the composition, still even more preferably from 0.04 to
1 wt. % of the filler based of the total weight of the
composition, still even more preferably from 0.04 to 0.8 wt.
% of the filler based of the total weight of the composition,
still even more preferably from 0.05 to 0.4 wt. % of the filler
based of the total weight of the composition. In an alterna-
tive preferred embodiment, the composition comprises from
30 to 40 wt. % of the filler based of the total weight of the
composition, preferably from 33 to 37 wt. % of the filler.
Such a composition exhibits particularly favorable rheologi-
cal properties. In another alternative preferred embodiment,
the composition comprises from 0.1 to 4 wt. % of the filler
based of the total weight of the composition. The compo-
sition may comprise at least 0.01 wt. % of the filler,
preferably at least 0.02 wt. % of the filler, more preferably
at least 0.03 wt. % of the filler, even more preferably at least
0.04 wt. %, still even more preferably at least 0.05 wt. % of
the filler based on the total weight of the composition. The
composition may comprise 20 wt. % or less of the filler,
preferably 10 wt. % or less of the filler, more preferably 5 wt.
% or less of the filler, even more preferably 4 wt. % or less
of the filler, still even more preferably 1 wt. % or less of the
filler, still even more preferably 0.8 wt. % or less of the filler,
still even more preferably 0.4 wt. % or less of the filler based
on the total weight of the composition. The presence of filler
provides improved mechanical and/or thermal fatigue prop-
ertiecs. Higher levels of filler may increase the viscosity of
the pre-cured composition. Accordingly, the composition
with low viscosity may be more easily applied to electronic
devices and components that have small-sized features. This
1s particularly important for a surface-mount technology
manufacturing method. Compositions with high viscosity
may be more favorable for applications, such as printing, pin
transfer and no flow adhesive composition for electronic
assembly applications.

[0045] The typical viscosity of the composition prior to
curing 1s from 12 to 20 Pa-s, more typically around 16 Pa's
at room temperature. The viscosity 1s measured by rheom-
cter under constant shear rate of 10/s by using parallel plate
geometry. The viscosity of the uncured composition may be
low enough to enable the composition to be sprayed or jetted
or dispensed. This may enable the composition to be used 1n
conformal coating and strengthening of the whole board or
assembly.

[0046] The composition is preferably a curable composi-
tion and/or the polymer 1s preferably a curable polymer.

[0047] The filler preferably comprises one or more of:
graphene, graphene oxide, functionalized graphene, polyhe-
dral oligomeric silsesquioxane and 2D materials. Once the
polymer composition 1s cured, such species may provide the
composition with particularly enhanced mechanical and/or
thermal fatigue resistance properties. In particular, such
species may provide the cured composition with increased
drop shock resistance and impact bend strength 1n compari-
son to compositions containing no {illers or conventional
fillers. Compositions containing such species may be useful
as low coeflicient of thermal expansion (CTE) adhesives for
bonding work pieces with CTE mismatch. The cured com-
positions may also exhibit huigh hardness for scratch-resis-
tance applications.

[0048] Only very low levels of filler, for example gra-
phene and functionalized graphene, are required 1n order to
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provide such properties. Accordingly, compositions contain-
ing such species 1 low levels may exhibit both favorable
mechanical and/or thermal fatigue properties while the
uncured compositions may exhibit particularly low viscosi-
ties. The use of fillers such as graphene and/or functional-
ized graphene may improve the thermal stability of the
resulting composition and may also increase the glass tran-
sition temperature (Tg) of the composition, thereby increas-
ing the working limit of the composition.

[0049] The use of graphene oxide may reduce the amount
ol moisture that 1s able to penetrate the composition, thereby
improving the hermiticity of the sealed packages/assem-
blies. The use of graphene and/or functionalized graphene
may serve to remove/tie up iree 1ons 1n the compositions,
thereby i1mproving the electrical properties of the final
product.

[0050] The graphene may be mono layer, few layer or
multi-layered graphene (MLG). The use of such graphene
may enhance the electrical and/or thermal conductivity of
the composition.

[0051] Polyhedral oligomeric silsesquioxanes (POSS) act
as building blocks, because of the unique structure of the
POSS macromer, which 1s a well-defined cluster with an
inorganic silica-like core surrounded by eight organic corner
groups. It 1s considered as the minimum silicate precursor,
which forms silica after 1ts oxidation. In the present mven-
tion, POSS 1s advantageously incorporated into the compo-
sition to overcome the shortage of traditional composites
which cannot be dispersed in molecular level 1n materials.
When the filler comprises POSS, the cured composition
exhibits increased drop shock resistance and impact bend
strength. The use of POSS may enhance the thermal con-
ductivity of the matenal.

[0052] The filler preferably comprises: a polyhedral oli-
gomeric silsesquioxane; and one or more of graphene and
functionalized graphene (e.g. graphene oxide). This may
provide the composition with a particularly low viscosity,
and the composition with particularly favorable mechanical
properties. The viscosity 1s typically lower, and the mechani-
cal properties typically more favorable, compared with
compositions in which an equivalent amount of only POSS
or graphene/functionalized graphene 1s used. In other words,
the combination of POSS with graphene and/or functional-
1zed graphene (e.g. graphene oxide) surprisingly provides a
synergistic eflect. The use of POSS may reduce the amount
of graphene/Tunctionalized graphene required to achieve the
desired properties.

[0053] Functionalizing graphene may help to control the
surface properties of the graphene as well as stabilise
exioliated graphene layers for extended time in both solid
and solution form. The advantages of using functionalized
graphene over conventional graphene include, for example,
improved mixing and dispersion and interaction with the
polymer matrix, prevention of restacking of graphene layers
in the polymer matrix and improved moisture and gas
impermeability.

[0054] The filler preferably comprises functionalized gra-
phene, wherein the functionalized graphene comprises gra-
phene oxide. The use of graphene oxide may provide the
composition with particularly favorable mechanical proper-
ties.

[0055] When the filler comprises a functionalized gra-
phene, the functionalized graphene may be functionalized
with an organic and/or an 1norganic group, preferably one or
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more of: an amine group, a silane and/or titanate group, an
epoxy group, an ester group and a polyhedral oligomeric
silsesquioxane. The use of such functionalized graphenes
may provide the composition with particularly favorable
mechanical properties. The functionalized graphene may be
advantageously functionalized with rubber molecules and/or
flux functional groups. The functionalized graphene may be
tfuntionalised with metal nanoparticles (1.e. particles having
a longest dimension of from 1 to 500 nm), for example
nanoparticles comprising one or more of silver, copper, gold
and an alloy such as, for example, AgCu or AgAu. The use
of such metal nanoparticles may enhance the electrical
and/or thermal conductivities of the composition. The func-
tionalized graphene may be functionalized with nanopar-
ticles of metal oxide or metalloid oxide. The metal oxides
may be oxides of, for example, an alkaline earth metal, a
transition metal or a post transition metal. The use of such
oxides may enhance moisture and gas impermeability of the
composition and/or enhance thermal conductivity of the
composition.
[0056] The graphene may be advantageously funtionalised
with fluorine, for example fluorinated graphene, fluorinated
graphene oxide or graphene oxide with fluorinated organic
molecules attached to the basal sp” plane. Such fillers may
render the composition substantially impermeable to both
moisture and gases.
[0057] The filler preferably comprises a functionalized
graphene, the functionalized graphene comprising graphene
(and/or or graphene oxide) functionalized with a polyhedral
oligomeric silsesquioxane. The use of such a filler may
provide the composition with particularly low viscosity, and
the cured composition with particularly favorable mechani-
cal properties.
[0058] The filler may comprise boron nitride. Unlike
graphene and other graphitic materials, the use of boron
nitride does not alter the colour of the composition.
[0059] The polymer preferably comprises an epoxy resin,
more preferably, the epoxy resin comprises different func-
tionality epoxy resins and/or solid bifunctional (e.g. tr1- or
tetra-) epoxy resins, typically with high molecular weight.
Such resins may exhibit high levels of cross-linking, thereby
resulting 1n the cured composition exhibiting particularly
favorable mechanical properties. The use of solid epoxy
resins increases the solid content of the composition. Suit-
able polymers for use 1n the present mnvention include, for
example, diglycedyl ether of bisphenol A, diglycedyl ether
of bisphenol F, triglycedyl ether of para amino phenol, tetra
glycedyl ether of diamino diphenyl sulphone, tetra glycedyl
cther of di amino diphenyl methane, tetra glycedyl ether of
di amino diphenyl ether, and tris (2,3-Epoxy propyl) Iso-
cyanurate. The polymer may be a thermoplastic such as, for
example, a polyolefin thermoplastic or an acrylic thermo-
plastic. The use of a thermoplastic may be advantageous
when the composition 1s in the form of a film.
[0060] In a preferred embodiment:

[0061] the filler comprises graphene oxide, and

[0062] the composition comprises from 0.1 to 4 wt. %

of the graphene oxide.

[0063] Such a composition may provide the composition
with particularly favorable mechanical properties.

[0064] In this preferred embodiment, the organic medium
preferably comprises:

[0065] {rom 30 to 40 wt. % of an organic solvent having
a boiling point of at least 280° C.;
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[0066] from 5 tol0 wt. % of diflerent functionality
CPOXY resins;

[0067] 1from 15 to 30 wt. % of solid bifunctional epoxy
resins, preferably with high molecular weight;

[0068] from 3 to 10 wt. % of an activator comprising a
dicarboxylic acid;

[0069] from 2 to 8 wt. % of a catalyst comprising
substituted aromatic amine;

[0070] from 1 to 5 wt. % of a catalyst comprising a
phosphine-based salt;

[0071] from 1 to 5 wt. % of a liquid anhydride type
hardener;
[0072] from 0.1 to 4 wt. % of a liqud type stress

modifier; and
[0073] {rom 0.1 to 3 wt. % of an adhesion promoter.

[0074] Preferably, the organic medium further comprises
an organic solvent, preferably having a boiling point of at
least 280° C. The use of such a solvent may help to maintain
a low viscosity of the composition and may help to provide
stability to the final product. Suitable organic solvents
having a boiling point of at least 280° C. for use in the
present mnvention include, for example, butyl carbitol, dieth-
ylene glycol mono hexyl ether, and glycol ethers.

[0075] Preferably, the organic medium further comprises
an activator, more preferably wherein the activator com-
prises a dicarboxvylic acid. The activator may remove any
oxidised layer on the surface to which the composition 1s
applied (e.g. an electronic circuit board pad), and may
increase the wetting performance of the solder paste with the
composition.

[0076] Preferably, the organic medium further comprises a
catalyst. The use of a catalyst may help the curable com-
position to undergo cross-linking. The catalyst preferably
comprises a substituted aromatic amine and/or a phosphine-
based salt. Such catalysts exhibit low reactivity. Accord-
ingly, they may help to increase the room temperature
stability of the composition, since they typically only
undergo cross-linking at elevated temperatures.

[0077] Preferably, the organic medium further comprises a
hardener, more preferably wherein the hardener comprises a
liguid anhydride-type hardener. The presence of such a
hardener may help to increase the room temperature stability
of the composition by undergoing a cross-linking reaction
with the epoxy resin only at elevated temperatures.

[0078] Preferably, the organic medium further comprises a
stress modifier, preferably a liquid-type stress modifier. The
use of a stress modifier may serve to reduce the brittleness

of the epoxy resin.

[0079] The organic medium preferably further comprises
an adhesion promoter. This may serve to increase the
bonding between the composition and a solder joint.

[0080] In a preferred embodiment, the organic medium
COmprises:
[0081] from 30 to 40 wt. % of an organic solvent having,

a boiling point of at least 280° C.; and/or

[0082] {rom 5-10 wt. % of diflerent functionality epoxy
resins; and/or

[0083] {from 15 to 30 wt. % of solid bifunctional epoxy
resins, preferably with high molecular weight; and/or

[0084] {rom 3 to 10 wt. % of an activator comprising a
dicarboxylic acid; and/or

[0085] from 2 to 8 wt. % of a catalyst comprising
substituted aromatic amine; and/or
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[0086] from 1 to 5 wt. % of a catalyst comprising a
phosphine-based salt; and/or

[0087] from 1 to 5 wt. % of a liquid anhydride type
hardener; and/or
[0088] from 0.1 to 4 wt. % of a liquid type stress
modifier; and/or
[0089] {rom 0.1 to 3 wt. % of an adhesion promoter.
[0090] In a particularly preferred embodiment, the organic
medium comprises:
[0091] about 39 wt. % of an organic solvent having a
boiling point of at least 280° C.;

[0092] about 8 wt. % of diflerent functionality epoxy
resins;
[0093] about 29 wt. % of solid bifunctional epoxy

resins, preferably with high molecular weight;

[0094] about 9 wt. % of an activator comprising a
dicarboxylic acid;

[0095] about 3 wt. % of a catalyst comprising substi-
tuted aromatic amine;:

[0096] about 4 wt. % of a catalyst comprising a phos-
phine-based salt;

[0097] about 2 wt. % of a liquid anhydride type hard-
ener;
[0098] about 4 wt. % of a liquid type stress modifier;
and
[0099] about 2 wt. % of an adhesion promoter.
[0100] The composition may be applied to a device using

one or more of: film transier, pin transfer, component
dipping, paste dispensing, printing, spraying, casting and
doctor-blading. Dipping height and dipping time can be
varied to achieve diflerent collar heights up to 100%.

[0101] The composition may be flow-able at high tem-
peratures (for example, from 170 to 280° C.) using capillary
additives.

[0102] The collar height of the composition may be varied
up to 100% by varying the dipping height and/or dipping
time. For example, the collar height may be varied from
around 30% to up to 100%. Examples of suitable dipping
heights and dipping times used to achieve varying collar
heights are set out below 1n Table 1:

TABLE 1

Dipping conditions for achieving various collar heights.

50% dip 70% dip 90% dip 125% dip 150% dip 175% dip
0.3 Collar = Collar = Collar = Collar = Collar = 70- Collar =
SEC 20-30% 20-30%  30% 50% R0% 100%
1 sec Collar = Collar = Collar = Collar = Collar = 90- Collar =
20-30% 30-40%  40% 50% 100% 90-100%
5 sec Collar = Collar = Collar = Collar = Collar = Collar =
20-30% 20-30% 100% 100% 100% 90-100%
[0103] In a preferred embodiment, the filler comprises

graphene, graphene oxide, graphite flakes, graphene plate-
lets, reduced graphene oxide, 2D materials or a combination
of two of more thereof. This may provide the composition
with high mechanical strength and/or high resistance to
thermal fatigue.

[0104] The composition may comprise colour pigments.
This may impart a desired colour to the cured composition.

[0105] In a further aspect, the present mnvention provides
an underfill comprising the curable composition as described
herein.
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[0106] The underfill may be, for example, an edgefill, a
corneriill or an edge bond. In a preferred aspect, the underfill
can be applied 1n one or more steps, preferably wherein the
one or more steps comprises dipping and/or dispensing.
[0107] In a further aspect the present invention provides a
solder flux comprising the composition as described herein.
[0108] In a further aspect, the present mnvention provides
a single or dual-side reinforcement (DSR) material compris-
ing the curable composition as described herein.

[0109] In a further aspect the present invention provides
an encapsulant comprising the composition as described
herein.

[0110] In a further aspect the present invention provides a
barrier material comprising the composition as described
herein.

[0111] In a further aspect, the present invention provides
an electronic material comprising;:

[0112] solder alloy; and
[0113] the composition as described herein.
[0114] The solder alloy may be provided in the form of,

for example, solder balls, a powder, a rod or a wire. The
curable composition may at least partially coat the solder
balls, the rod, the wire or the particles of the powder. The
alloy may be, for example, a lead-free alloy, such as a SAC
alloy.

[0115] In a further aspect, the present mnvention provides
a conductive adhesive comprising:

[0116] conductive particles; and
[0117] the composition as described herein.
[0118] The conductive particles typically comprises metal

(such as, for example, one or more of silver, copper and
gold), alloy (such as, for example, a lead-free alloy, such as
a SAC alloy) and/or particles coated with a metal and/or
alloy. The conductive particles may be 1n the form of plates,
rods and/or spheres. The conductive particles typically have
a longest dimension (diameter 1f spherical) of the order of
from 1 nm to 40 um, for example from 1 to 500 nm. The
conductive particles are dispersed 1n the polymer composi-
tion.

[0119] In a further aspect, the present invention provides
a non-conductive adhesive comprising:

[0120] non-conductive particles; and
[0121] the composition as described herein
[0122] The non-conductive particles typically comprises

of metal or metalloid oxide, carbide, mitride (such as, for
example, aluminum oxide, boron nitride, silicon carbide,
aluminum nitride). The metal may be for example, an
alkaline earth metal, a transition metal or a post transition
metal.

[0123] The non-conductive particles may be 1n the form of
plates, rods and/or spheres. The nonconductive particles
typically have a longest dimension (diameter 1f spherical) of
the order of from 1 nm to 40 um, for example from 1 to 500
nm. The non-conductive particles are dispersed 1n the poly-
mer composition

[0124] In a further aspect the present invention provides a
solder paste comprising;:

[0125] solder particles; and
[0126] the composition as described herein.
[0127] The solder particles typically comprises metal

(such as, for example, one or more of silver, copper and
gold), alloy (such as, for example, a lead-free alloy, such as
a SAC-type alloy) and/or particles coated with a metal
and/or alloy. The solder particles may be in the form of
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plates, rods and/or spheres. The solder particles typically
have a longest dimension (diameter 11 spherical) of from 1
nm to 40 um, for example from 1 to 500 nm. The solder
particles are dispersed in the polymer composition.

[0128] The composition, solder tlux, electronic material,
conductive adhesive, solder paste, underfill, remnforcement
(DSR) material, encapsulant and/or barrier material of the

present invention may comprise a lead-free, zero-halogen
no-clean solder paste, for example LUMET™ P39 (AL-

PHA®).

[0129] In a further aspect, the present invention provides
a solder joint at least partially encapsulated with a compo-
sition, the composition being the curable polymer compo-
sition as described herein. The solder joint 1s typically
substantially encapsulated with the cured polymer compo-
sition, more typically completely encapsulated with the
cured polymer composition.

[0130] In a further aspect, the present mnvention provides
a method of forming a solder joint, the method comprising:

[0131] providing the solder paste as described herein
between two or more work pieces to be joined; and

10132]

[0133] The solder paste 1s typically heated to a tempera-
ture of 170 to 280 degree C.

[0134] In a further aspect, the present invention provides
a method of manufacturing the composition as described
herein, the method comprising:
[0135] providing an organic medium comprising a
polymer; and

heating the solder paste to form a solder joint.

[0136] dispersing a filler 1n the organic medium,
[0137] whereln:
[0138] the filler comprises one or more of graphene, 2D

materials, Tunctionalized graphene, graphene oxide, a
polyhedral oligomeric silsesquioxane, graphite, alumi-
num oxide, zinc oxide, aluminum nitride, boron nitride,
silver, nano fibers, carbon fibers, diamond, carbon
nanotubes, silicon dioxide and metal-coated particles,
and

[0139] the composition comprises from 0.001 to 40 wt.
% of the filler based on the total weight of the com-
position.

[0140] Prior to having the filler dispersed therein, the
components of the organic medium are typically mixed at a
temperature of up to 150° C., more typically from 50 to 120°
C., even more typically about 90° C., to form a homoge-
neous mixture. The organic medium 1s then typically milled,
for example using a three roll mill. After confirmation of
FOG<10 micron, the milling process 1s typically stopped.
Dispersing the filler 1n the organic medium may comprise
mechanical blending.

[0141] In a further aspect, the present mnvention provides
use of the composition described herein 1n a method selected
from: an electronic assembly method, a surface-mount tech-
nology (SMT) method, a die attachment method, a reflow
soldering method, a circuit board manufacturing method and
a solar cell manufacturing method.

[0142] In a further aspect the present invention provides
use of the composition described herein in electronic pack-
aging, tlip chips, LED assembly and hermetic sealing.

[0143] In a further aspect, the present mnvention provides
use of graphene and/or functionalized graphene to increase
the flow-ability of a composition.
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[0144] In a further aspect, the present mnvention provides
a composition comprising a filler dispersed 1n an organic
medium, the organic medium comprising a curable polymer,
wherein:

[0145] the filler comprises one or more of graphene, 2D
maternials, functionalized graphene, graphene oxide, a
polyhedral oligomeric silsesquioxane, graphite, alumi-
num oxide, zinc oxide, aluminum nitride, boron nitride,
silver, nano fibers, carbon fibers, diamond, carbon
nanotubes, silicon dioxide and metal-coated particles,
and

[0146] the composition comprises from 0.001 to 40 wt.
% of the filler based on the total weight of the com-
position.

[0147] The composition may be, for example, for use as a
solder flux, or for use 1n a conductive adhesive, or for use as
an underfill material, or for use in the manufacturing of
clectronic devices, or for use in the remnforcing of solder
joints, or for use as a single or dual side reinforcement
material (DSR), or for use as an encapsulant, or for use as
an adhesive, or for use as a barrier material (e.g. a material
to prevent 1ngress into, for example, a solder joint).

[0148] In a further aspect the present invention provides a
composition for use in a surface-mount process, the com-
position comprising a filler dispersed in an organic medium,
wherein:

[0149] the organic medium comprises a polymer;

[0150] the filler comprises one or more of graphene,
functionalized graphene, graphene oxide, a polyhedral
oligomeric silsesquioxane, graphite, a 2D matenal,
aluminum oxide, zinc oxide, aluminum nitride, boron
nitride, silver, nano fibers, carbon fibers, diamond,
carbon nanotubes, silicon dioxide and metal-coated
particles, and

[0151] the composition comprises from 0.001 to 40 wt.
% of the filler based on the total weight of the polymer
composition.

[0152] In a further aspect, the present mnvention provides
use of a filler to provide a composition with a viscosity of
from 12 to 20 Pa-s and one or more of improved mechanical
strength, improved thermal fatigue resistance and improved
barrier characteristics, the filler comprising one or more of
graphene, functionalized graphene, graphene oxide, a poly-
hedral oligomeric silsesquioxane, graphite, a 2D material,
aluminum oxide, zinc oxide, aluminum nitride, boron
nitride, silver, nano fibers, carbon fibers, diamond, carbon
nanotubes, silicon dioxide and metal-coated particles.

[0153] In a further aspect, the present invention provides
use of the composition as described herein 1n an electronic
assembly application such as printing, pin transfer and no
flow adhesive composition, the composition having a vis-
cosity of greater than 20 Pa-s. As discussed above, such
applications benefit from a higher viscosity. The higher
viscosity may be provided by, for example, increasing the

level of filler.

[0154] In a further aspect, the present mvention provides
use of a filler to control the coeflicient of thermal expansion
(CTE) of a composition, the filler comprising one or more of
graphene, functionalized graphene, graphene oxide, a poly-
hedral oligomeric silsesquioxane, graphite, a 2D material,
aluminum oxide, zinc oxide, aluminum nitride, boron
nitride, silver, nano fibers, carbon fibers, diamond, carbon
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nanotubes, silicon dioxide and metal-coated particles. Con-
trolling the CTE may enhance the thermal fatigue life of the
composition.

[0155] The invention will now be described with reference
to the following non-limiting drawings, 1n which:

[0156] FIG. 1 1s a plot showing the results of impact
bending testing for a number of compositions according to
the present ivention.

[0157] FIG. 2 1s a plot showing the results of drop shock
resistance testing for a number of compositions according to
the present mnvention.

[0158] The invention will now be described 1n relation to
the following non-limiting example.

EXAMPLE 1

[0159] Graphite oxide was prepared from natural flake
graphite using a modified Hummers method. Commercially
available graphite powder and 10 g of sodium nitrate was
added to 500 mL of conc. (98%) sulphuric acid with stirring
and was then kept in an 1ce-bath. 10 g of Graphite powder
(300 mesh) was then added to it slowly after 15 min and was
stirred for 10 min to have a homogeneous mixture. 67 g of
potassium permanganate was added to 1t very slowly and
carefully while stirring the whole reaction mixture 1n an
ice-bath. After ~30 min the whole reaction mixture was
transierred on a hot plate set kept at ~40° C. It was then
stirred for ~2.5 h until the colour of the reaction mixture
became reddish. It was then allowed to cool down at room
temperature for ~30 min. After that 500 mL deionised water
was added to 1t very slowly while stirring. After 10-15 min
of stirring, 1 L of warm deionised water and followed by 100
ml 30 vol % hydrogen peroxide was added to the reaction
mixture and stirred for ~5 min. The final product was
1solated via centrifugation performed at 4000 rpm for 8 min
duration and 1t was washed then thoroughly and rigorously
with deilonised water in the same centrifugation condition.
This step was repeated almost ~20 times 1n order to discard
all the un-reacted chemicals, by products as well as to make
pH close to ~7. It was then washed with acetone 3-4 times
and kept 1n an oven set at 65° C. for complete drying.
Graphite oxide powder was then obtained in solid form and
ready for further use.

[0160] An organic medium was then prepared comprising:

[0161] a) Organic solvents with high boiling points
39wt %

0162] b) Difterent functionality epoxv resins 8wt %
[0162] b) ty epoxy

[0163] c¢) Solid epoxy resin with high molecular weight
and bi-functional 29%

[0164] d) D1 carboxylic acid as an activator 9 wt. %
[0165] ¢) Substituted aromatic amine as catalyst 3 wt. %
[0166] 1) Phosphine based salt as catalyst 4 wt. %
[0167] ¢g) Liquid anhydride type hardener/catalyst 2 wt
%

[0168] h) Liquid type stress modifier 4wt %
[0169] 1) Adhesion promoters 2wt %

[0170] All the above species (a)-(1) were mixed 1n the

required ratio and heated to 90° C. until a homogeneous

mixture was obtained. The mixture was then subjected to
three roll milling. After having confirmation of FOG<10
micron, the milling process was stopped. The graphite oxide
powder was then dispersed in the organic medium using
mechanical blending to provide a curable composition com-
prising 0.1 to 4 wt. % graphene oxide.
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[0171] Thermal Cycling Testing:

[0172] The composition was mixed with solder particles to
form a solder paste. A solder paste was also prepared using
the above composition but without the presence of a filler
(comparative example). The solder pastes were used to form
solder joints on printed circuit boards using an SMT method.

[0173] Thermal cycling testing was carried out using the
following procedure:

[0174] Equipment:

[0175] Espec thermal cycling chamber (Air-Air) ISA-
101S.

[0176] Agilent 34980A datalogger.

[0177] Test Conditions:

[0178] 'lest according to IPC 9701-A standard.

[0179] -40° C. (10 min) to +125° C. (10 min) for 1000
cycles.

[0180] Failure Definition:

[0181] As per IPC 9701-A: 20% increase in nominal
resistance (within a maximum of 5 consecutive reading
scans ).

[0182] Failure Analysis:
[0183] Cross-section after 240, 500, 750 and 1000

cycles, and microscopic analysis.

[0184] The results are set out 1n Table 2 below.
TABLE 2

Thermal cycling results.
Solder % Failures
Paste <2350 cycles <300 cycles <750 cycles <1000 cycles
Comparative 6.7 11.1 13.3 13.3
Example
Example 1 2.3 2.3 4.5 4.5
[0185] It can be seen that the composition of the present

invention exhibits improved thermal cycling resistance char-

acteristics 1 comparison to a composition containing no
filler.

10186]

[0187] Impact bending testing was carried out using the
following procedure:

Impact Bending Testing:

[0188] Test Conditions:
[0189] Connect test vehicle to a datalogger.
[0190] Use fixed board deflection as 1.2 mm.
[0191] Test t1ll first failure.
[0192] Impact striking point on component: In the cor-

ner ol the component.

[0193] Impact striking pin shape: Rounded (10 mm ).
[0194] Test Vehicles:

[0195] Surface Finish: EmG.

[0196] 50x350 mm, 0.8 mm thickness.

[0197] Component: BGAS4.
[0198] Failures Definition:

[0199] Increase of 200Q21n the electrical resistance.
[0200] The results are shown 1n FIG. 1. It can be seen that

the composition of Example 1 (right hand side) exhibited
greater impact bending resistance compared to comparative
examples (left and middle), in which the composition did not
contain any filler.
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[0201] Drop Shock Resistance Testing:

[0202] Drop shock resistance testing was carried out using
the following procedure:

[0203] Equipment

[0204] Lansmont HCI8 Shock Tester.

[0205] Lansmont 1TP4.

[0206] AnaTech Event Detector.

[0207] Test Conditions

[0208] Follows JEDEC standard JESD22-B111 “Board
Level Drop Test Method of Components for Handheld
Electronic Products”.

[0209] Uses service condition B (13500 Gs, 0.5 msec

pulse, half-sine curve).

[0210] The drop shock resistance of Example 1 was found
to be greater than that of comparative examples contaiming,
no filler, or conventional filler. Results of drop shock resis-
tance testing are shown 1n FIG. 2 (diamonds: present inven-
tion, square/circles: reference examples).

[0211] The foregoing detailed description has been pro-
vided by way of explanation and illustration, and 1s not
intended to limit the scope of the appended claims. Many
variations 1n the presently preferred embodiments 1llustrated
herein will be apparent to one of ordinary skill 1n the art and
remain within the scope of the appended claims and their
equivalents.

1. A composition for use in an electronic assembly pro-
cess, the composition comprising a {filler dispersed in an
organic medium, wherein:
the organic medium comprises a curable polymer;
the filler comprises one or more of graphene, functional-

1zed graphene, graphene oxide, a polyhedral oligomeric
silsesquioxane, graphite, a 2D material, aluminum
oxide, zinc oxide, aluminum nitride, boron nitride,
silver, nano fibers, carbon fibers, diamond, carbon
nanotubes, silicon dioxide and metal-coated particles,
and

wherein the composition comprises from 0.03 to 4.0 wt.

% of the filler based on the total weight of the com-
position.

2. The composition of claim 1 comprising from 0.04 to 1.0
wt. % of the filler based of the total weight of the compo-
s1t10m.

3. The composition of claim 1, comprising from 0.05 to
0.4 wt. % of the filler based of the total weight of the
composition.

4. (canceled)

5. The composition according to claim 1, wherein the
filler comprises one or more of: graphene, graphene oxide,
functionalized graphene and a polyhedral oligomeric silses-
quioxane.

6. The composition according to claim 3, wherein the
filler comprises:

a polyhedral oligomeric silsesquioxane; and

one or more ol graphene, and functionalized graphene.
7. (canceled)

8. The composition according to claim 5, wherein the
filler comprises functionalized graphene, the functionalized
graphene comprising one or more ol an amine group, a
silane and/or titanate group, an epoxy group, an ester group
and a polyhedral oligomeric silsesquioxane.

9. (canceled)

10. The composition according to claim 1, wherein the
curable polymer comprises an epoxy resin.

11. (canceled)
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12. The composition of claim 1, wherein the organic
medium comprises:

from 30 to 40 wt. % of an organic solvent having a boiling

point of at least 280° C.;
from 5 told wt. % of diflerent functionality epoxy resins;
from 15 to 30 wt. % of solid bifunctional epoxy resins;
from 3 to 10 wt. % of an activator comprising a dicar-

boxylic acid;
from 2 to 8 wt. % of a catalyst comprising substituted

aromatic amine;
from 1 to 5 wt. % of a catalyst comprising a phosphine
based salt;
from 1 to 5 wt. % of a liquid anhydride type hardener;
from 0.1 to 4 wt. % of a liquid type stress modifier; and
from 0.1 to 3 wt. % of an adhesion promoter.

13. (canceled

14. (canceled

15. (canceled

16. (canceled

17. (canceled

18. (canceled

19. (canceled

20. (canceled

21. The composition according to claim 12, wherein the
organic medium comprises:

about 39 wt. % of an organic solvent having a boiling

point of at least 280° C.;

about 8 wt. % of different functionality epoxy resins;

about 29 wt. % of solid bifunctional epoxy resins with

high molecular weight;

about 9 wt. % of an activator comprising a dicarboxylic

acid;

about 3 wt. % of a catalyst comprising substituted aro-

matic amine;

about 4 wt. % of a catalyst comprising a phosphine based

salt:

about 2 wt. % of a liquad anhydrnide type hardener;

about 4 wt. % of a liquid type stress modifier; and

about 2 wt. % of an adhesion promoter.

22. (canceled)

23. The composition according to claim 12, wherein the
composition 1s flowable at high temperatures using capillary
additives.

24. The composition according to claim 12, wherein the
collar height of the cured composition may be varied up to
100% by varying the dipping height and/or dipping time.

235. (canceled)

26. The composition according to claim 1, wherein the
composition further comprises color pigments.

277. (canceled)

28. An underfill composition, the composition comprising,
a filler dispersed 1n an organic medium, wherein:

the organic medium comprises a curable polymer;

the filler comprises one or more of graphene, Tunctional-
1zed graphene, graphene oxide, a polyhedral oligomeric
silsesquioxane, graphite, a 2D material, aluminum
oxide, zinc oxide, aluminum nitride, boron nitride,
silver, nano fibers, carbon fibers, diamond, carbon
nanotubes, silicon dioxide and metal-coated particles,
and

wherein the composition comprises from 0.03 to 4.0 wt.
% of the filler based on the total weight of the com-
position.
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29. The underfill of claim 28, wherein the underfill can be
applied in one or more steps, wherein the one or more steps
comprise dipping and/or dispensing.

30. (canceled)

31. (canceled)

32. (canceled)

33. (canceled)

34. (canceled)
35. (canceled)

36. (canceled)

37. The method of forming a solder joint according to
claim 38, wherein the solder joint 1s at least partially
encapsulated with a cured polymer composition.

38. A method of forming a solder joint, the method
comprising;

(1) providing a solder paste between two or more work

pieces to be joined, wherein the solder paste comprises:

(a) solder particles; and

(b) a composition comprising a filler dispersed in an
organic medium, wherein the organic medium com-
prises a curable polymer; wherein the filler com-
prises one or more of graphene, functionalized gra-
phene, graphene oxide, a polyhedral oligomeric
silsesquioxane, graphite, a 2D material, aluminium
oxide, zinc oxide, aluminium nitride, boron nitride,

silver, nano fibers, carbon fibers, diamond, carbon
nanotubes, silicon dioxide and metal-coated par-
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ticles, and wherein the composition comprises from
0.03 to 4.0 wt. % of the {filler based on the total
weight of the composition; and

(1) heating the solder paste to form a solder joint.

39. The method of claim 38, wherein the step of providing,
the solder paste between two or more work pieces to be
joined comprises applying the solder paste to at least one of
the work pieces, wherein the paste 1s 1 the form of a film,
and wherein heating the solder paste comprises hot stamp-
ng.

40. (canceled)

41. (canceled)

42. (canceled)

43. The composition according to claim 1, wherein the
composition has a viscosity of from 12 to 20 Pa-s.

44. (canceled)

45. The composition according to claim 1, wherein the
filler controls the coeflicient of thermal expansion (CTE) of
the composition.

46. The method according to claim 38, wherein the filler
controls the coellicient of thermal expansion (CTE) 1n the
composition.

4’7. The composition according to claim 10, wherein the
epoxy resin comprises different functionality epoxy resins
and/or solid bifunctional epoxy resins with high molecular
weight.
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