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ABSTRACT

One of the main driving forces for the electronic market place has been the rapidly increasing power of
central processing unit (CPU) and related component for personal computer (PC). The power being consumed by PC
microprocessors have been steadily increasing from a few watts for X386 to more than 35 watts for “Pentium”. They
are scheduled to reach over 100 watts within the next few years. These powerful chips are typically packaged in Pin
or Ball-Grid-Array packages either in flip-chip or traditional die-attach modes. The thermal management is
extremely challenging for both inside and outside of the package. This paper will compare some of todays solutions
and interface materials in terms of performance, manufacturability and long-term reliability.

1. OVERVIEW
While most of the microprocessors made by Intel
today are still in the traditional wire-bond, pin-grid-
array multichip packages, AMD, Cyrix-National and
LSI Logic have already used flip-chip packages. The
thermal management of these single chip and
multichip packages involves several levels of thermal
interfacing. Figure 1 is a schematic representation of
typical requirements.
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Figure 1: Schematic Representation of Flip-Chip
for High Power Microprocessor

In order to provide the widest choice and
thermal management solution, the thermal interface
resistance inside the chip must be as low as possible.
Otherwise it will be the system’s thermal bottleneck
along the thermal resistance stack-up where both the
silicon die and metal heatspreader have low thermal
resistance.

While it is imperative to build in the lowest
thermal resistance component packaging design, it is
also important to realize the impact of application
environment and long-term changes of the interfaces.
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In the manufacturing processes and the
different constraints in providing fasteners or pressure
in attaching to heatspreaders or heatsinks for inside
and outside of power electronic packages, different
formats of interface materials offer different options
for manufacturing.

2. THERMAL MANAGEMENT IS A
SYSTEM SOLUTION

In most of the searches for better thermal solution, it is
important to separate the effects of heatspreader or
heatsink, and air-flow characteristics as well as the
thermal resistance contribution of the interface
materials. For the same configuration of heatsink and
air-flow, lower thermal interfacial resistance does, in
general, give lower overall system temperature rise.
However, in case of lesser heatsink design or
insufficient air-flow, both the low and high thermal
resistance materials may not yield significant
temperature differences.

Figure 2 is an illustration of such an effect of
the thermal bottleneck in a particular configuration. In
the data collected, when the powers generated were
low, the thermal resistance for a fixed air velocity,
different thermal resistance of interface material is
quite prominent. When the power input increase, the
thermal resistance also increases and levels off at
certain point feor that particular heatsink or spreader
configuration under the same air-flow.

These plateau values in Figure 2 are different
for different thermal interface materials and reflect the
efficiency of these materials under this particular
configuration. However, it does not reflect the “true”
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thermal resistance of the junctions that may be several
times lower as indicated in the lower power data.

In most cases, more improvement can be
realized with changes in heatsink and air-flow than
with changes in interface materials.
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Figure 2: Thermal Resistance of a Large Area Power
Supply Tested with Wind Tunnel Cooling

Besides the major contribution from heatsink and
heatspreader design, the processes of manufacturing
for inside and outside of power components or
modules may yield different sets of criteria on the
characteristics of interface materials. The
infrastructure available for placing material is
typically limited to paste-like materials . While there
are many options of providing mechanical fasteners as
part of the finished product or applying pressure
during part of the manufacturing processes. Inside of
most of the power components or modules illustrated
in Figure 1, greases or adhesives have been the chosen
material formats. While outside of the packages, all of
the different formats of interface materials such as
greases, paste-adhesives, thermal gaskets, and pads
adhesive and interface materials have all been
deployed successfully.

The key to success for using interface
materials besides thermal characteristics is the process
in attach device to heat-sink or heatspreader such that
molecular intimacy between the coupling surfaces is
provided by the interface materials.

In the case of using pads that melt-flow,
performances are best realized if they are allowed to
flow to assure airs along the interfaces are completely
eliminated. Figure 3 below is an illustration on how

different shapes of preform that are more desirable to
simulate the flow of paste adhesives or greases.
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Figure 3. Shape or pattern of interface material is critical

in large area application. The cross-hatch pattern have
been proven to provide the best coverage and repel

interfacial trapped airs during the flow process. Preforms

of “phase change” interface material have proven to
provide the sam thermal performance as that of the best
of thermal grease or gels.

Shaping of preforms similar to that illustrated
11 Figure 3 have been used successfully for both
thermal adhesives and interfaces for large area
devices. The shapes have been designed to simulate
the experience of large area die-attach adhesive
application. Preforms similar to the shape will flow
and form shape of square or rectangle depending on
the dimensions along the X-Y axis.

3. THERMAL INTERFACE SOLUTIONS

There are three different classes of materials
that are commonly used in providing thermal
interfaces between power generating devices and heat-
sinks or thermal ground-plane. These are liquidous
thermal greases that flow easily, conformable silicone-
based thermal gaskets, and more recently “melt-
flowable” or “phase-change” thermal pads. These
three classes of materials have their specific
characteristics that give them certain advantages in
specific applications.

Historically, thermal greases is one of the
first interface compounds used in bridging the air-gap
when the device presses against the heat-sink. The
liquidous characteristic allows them to easily flow to
fill those air-gap. There are many thermal greases
available in the industry each with different polymer
liquid and thermal fillers. Their performances also
vary quite dramatically. The best of this class of
thermal interface materials still out-perform all of the
thermal gaskets and most of the thermal pads. Their
performances, depending on the base polymer, can






