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Abstract

Epoxy based adhesives are prevalent interface materials for all levels of electronic packaging. One
reason for their widespread success is their ability to accept fillers. Fillers allow the adhesive
Jormulator to tailor the electrical and thermal properties of a given epoxy. Silver flake allow the
adhesive to be both electrically conductive and thermally conductive. For potting applications, heat
sinking, and general encapsulation where high electrical isolation is required, aluminum oxide has been
the filler of choice. Today, advanced Boron Nitride filled epoxies challenge alternative thermal
interface materials like silicones, greases, tapes, or pads. The paper discusses key attributes for
designing and formulating advanced thermally conductive epoxies. Comparisons to other common
JSillers used in packaging are made. The filler size, shape and distribution, as well as concentration in
the resin, will determine the adhesive viscosity and rheology. Correlation’s between Thermal
Resistance calculations and adhesive viscosity are made. Examples are shown that determination of
thermal conductivity values in “bulk” form, do not translate into actual package thermal resistance.
Four commercially available thermally conductive adhesives were obtained for the study. Adhesives
were screened by shear strength measurements, Thermal Cycling (-55 °Cto 125 °C ) Resistance, and
damp heat (85 °C/ 85 %RH ) resistance. The results indicate that low modulus Boron Nitride filled
epoxies are superior in formulation and design. Careful selection of stress relief agents, filler
morphology, and concentration levels are critical choices the skilled Jformulator must make. The
advantages and limitations of each are discussed and demonstrated.

Introduction

For more than 30 years, epoxies have played a
critical role in electronic assemblies. They were
first introduced into the hybrid industry and
enjoyed much success in bonding components,
protecting devices, and hermetically sealing
packages. Just as they provided an attractive
alternative to eutectic bonding in hybrids, they
were implemented in semiconductor packaging.
Today, nearly 80% of the world die attach
market for plastic encapsulated devices is
solvent-less conductive epoxies [1]. Even
further down the packaging hierarchy, epoxies
have played a key role in board level
assemblies; acting as encapsulants in advanced
packaging techniques such as COB and TAB
[2]; staking SMT components to PCB’s [3];
silver filled conductive epoxies for solder

replacements [4 - 6]; and lastly as thermal
management for heat-sinking applications.

A few reasons why epoxies are wide
spread and commonplace in electronic
assemblies include: low temperature cure
profiles allow for greater availability of
substrates and temperature sensitive
components; compliant nature of the polymer;
low outgassing and good thermal stability at
elevated temperatures; very good chemical and
solvent resistance; 100% solid systems are
environmentally benign; and epoxies readily
accept fillers. ASTM D-883 defines fillers as “a
relatively inert material added to a plastic to
modify its strength, permanence, working
properties, or other qualities, or to lower costs.”
Because they accept fillers, the formulator can
tailor the electrical and thermal properties of the
adhesive for a given application. This paper
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analyzes the performance of several
commercially available thermally conductive
adhesives, and provides a formulator’s
perspective as to the success in the design of the
adhesive.

Results and Discussion

Because epoxies are insulators and very
poor thermal conductors, fillers must be
introduced into the epoxy in order to provide
thermal transfer. The thermal conductivity of an
epoxy will be determined by the choice of filler,
the percentage of filler loading, and morphology
of the filler particle; all of which play a critical
role in the overall viscosity / rheology of the
epoxy formulation. Table I lists typical fillers
used by epoxy formulators and their respective
thermal conductivity’s [7]. For comparisons

sake 2 epoxies are listed.
Table I. Thermal Conductivity
of Typical Packaging Materials
Conductivity
Material (W/m-°K)
copper 393
gold 297
[silver 418
lalumina 30
Jboron nitride 600
organics
conductive epoxy 5
IFR-4 0.2

source: Microelectronics Packaging Handbook

A true vacuum ( k=0 ) and a diamond ( k=2300)
are considered the limits of the thermal
conductivity spectrum.

While it is true that boron nitride is a
better thermal conductor than say, silver; it is
not necessarily true that a boron nitride filled
epoxy is more thermally conductive than the
same silver counterpart. This is due to filler size
and shape. Silvers typically are very fine two
dimensional - like flakes associated with
lubricants. When incorporated into an epoxy,
the result can be a nice smooth, creamy,

adhesive consistency. Boron nitride ( BN ) filler
particles can be very large and amoeba-like.
The overall adhesive consistency can be very
viscous and dry. Because the BN filled €poxy is
very viscous, and “bulky”, it is difficult to
handle, entraps air easily, and yields thick,
voided bond layers. In contrast, the silver filled
epoxy dispenses very well, with a uniform
adhesive layer completely null of voids. The
silver filled adhesive most likely will have
better thermal transfer than the identical
adhesive which uses boron nitride filler

The size, shape, and composition of the
filler powders will determine the viscosity /
rheology of the adhesive. In theory, the thinnest
bond-line possible for an adhesive is the
maximum size of the filler particle contained in
that resin. Generally speaking, it is always
advantageous for an adhesive bond-line to be
kept to a minimum. Therefore, in designing an
adhesive to act as thermal interface, formulators
will avoid large particle size fillers at high
concentrations in the resin, as they result in
higher viscosity adhesives. For this reason,
thermally conductive epoxy adhesives have
been formulated with very fine filler particles at
moderate concentrations. They will yield lower
viscosity adhesives, resulting in thinner
adhesive bond-lines. Silver, alumina, and boron
nitride fillers are used most commonly while
copper is avoided.

Some formulations exist with diamond
fillers to promote the highest thermal
conductivity but these applications are few.
According to researchers at University of
Arkansas High Density Electronic Research
Center ( HIDEC), examining the use of diamond
in high performance MCM’s, “although thermal
analysis favors the use of diamond, stress
analysis does not.” Designers can only relax the
induced stresses by careful thermal profiles after
curing the adhesive [8]. Also, the cost of
diamond filled adhesives may be too great for
them to be considered.

In choosing thermally conductive
adhesives, engineers can be fooled by thermal
conductivity values listed on adhesive supplier
data sheets. First of all, thermal conductivity



the expected value. This is due to the huge
particle filler at a very high loading ( Table III ).
The result is an adhesive that is extremely high
in viscosity which traps air easily, and can not
accommodate thin bond-lines. In short, thermal
conductivity values should be used as a guide in
selection only. What appears advantageous in
“bulk” properties, can not model the intended
application. Table IV summarizes the thermal
resistance calculations of all the adhesives

obtained for the study.

Table IV. Thermal Resistance (°C/W)
. Expected (from  Actual (from

Adhesive DataSheety  Package)

A 0.25 0.7-1.0

B 0.5 0.6-0.9

lc 0.58 0.8-1.0

D 0.71 1.2-1.6

Aside from eliminating air gaps and
voids, other factors to be considered in thermal
management are ease of application, CTE’s of
component and substrate, and cost; however
cost is best addressed in another forum and
clearly not intended for discussion in this paper.

Application Method

Current methods of attachment are thermally
conductive adhesives available in tapes or
liquids, and non-adhesives. The former consists
of silicones, epoxies, and acrylics, while the
latter consists of thermally conductive pads, or
greases [9]. The pads themselves can be used in
conjunction with adhesives or mechanical
fasteners. Most pads are silicone based interface
materials, but others can be thermoplastic hot-
melts; some pads are available with pressure
sensitive adhesives for easy mounting, while
others are clipped in place. Just like some of the
pads, thermally conductive greases must be used
with metal clips. The clips, which are usually
stainless steel, provide easy attachment and
resistance to the most demanding shock and
vibration. They are most commonly used with
microprocessors. Thermally conductive tapes
have been formulated with polyimide or

polyester supported films and pressure sensitive
acrylic adhesives.

Epoxy adhesives, like tapes, can provide
high thermal conductivity and electrical
insulation making them ideal for bonding heat
sinks to transistors, components, packages, and
boards. Epoxy impregnated glass cloth is one
such example. But epoxy preforms, like tapes,
are usually hand applied. So although their
attachment is simple, they require operators for
manual hand placement. Thus, a benign process
to an operator may.come at the expense of
overall product through-put. Manufacturing
Managers must decide which is the best case for
assembly; ready to fit precision epoxy films
laid down by hand, or the variables, parameters
and trouble-shooting common with
automation?? Epoxy resin adhesive pastes must
be considered since they allow for automated
volume production. Acting as thermal interface
material for component bonding, they are most
commonly dispensed; while screen printing is
the method of choice for high thermal
conductivity epoxy dielectric coatings.

The data shown below in Figure 1
suggests that all four adhesives have a large
processing window, making them suitable for
dispensing or printing applications. Adhesives
B and C can be used for 24 hours without
compromising the bond strength. Adhesive D is
the weakest of the 4 tested and also shows that
component strength will decrease during the
course of its pot-life. Adhesive A, on the other
hand, had a similar processing window as D, but
clearly was the strongest of the four adhesives
tested. Thus, B and C seem more attractive for
manufacturing reasons, while A suggests the
most robust adhesive joint.

Adhesive A, with a smooth creamy
viscosity, allows for easy application by
dispensing. Most production groups find it
more cost effective for them to purchase a two
component epoxy pre-mixed and shipped frozen
in syringes. In this way they avoid operator
variations in weighing, mixing, and transferring
to syringes. Like all two part epoxies, pot-life
and useable work time are critical in volume
manufacturing. The convention for adhesive



Table III. Material Properties for
2 BN filled Adhesives
E A

% Filler
|( by weight ) 68 30
Mean

filler size (p ) 300 3
Typical

Viscosity ( cPs ) 250,000 17,000
Typical Thermal 4 15

|Conductivity ( W/m-°K)




