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When to Use a  
Thermal Interface Material and What Type

Introduction
The primary object of most electronics cooling applications is to keep the junction temperature of a hot component within 
an acceptable level, increasing the longevity and reliability of the device.  In most cases, this requires some sort of heat 
spreader or heat sink to assist in the heat transfer, along with an appropriate thermal interface material (TIM) to reduce 
interfacial resistance.  The importance of TIM is that it minimizes the interfacial resistance between the top of the component 
surface and the bottom of the heat sink, allowing the heat to be conducted between these surfaces more effectively.  Figure 
1 illustrates these two conditions.  
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Figure 1 shows that without TIM, the microscopic rough 
surfaces of the heat sink and component create air-gaps that 
act as insulators between the surfaces and impede the flow 
of heat.  By adding TIM to the interface, which is designed 
to flow and fill these voids, the heat transfer can be greatly 
improved.   In this article we will consider a typical problem 
faced by thermal engineers, and discuss how an appropriate 
TIM can be selected.

Discussion 
The following illustrates a typical design scenario:

Problem Statement: Determine what thermal interface 
material (TIM) is best for the following application:

1.Component Specs:

Figure 1. Microscopic View of Heat Sink and Component Interface.

a. Power Dissipation: 20W
b. Junction to Case Thermal Resistance (θjc): 0.35 °C/W        
c. Junction temperature (Tj): < 110 °C
d. Size of heat spreader (A): 10 mm (0.394 in)  x 10 mm 
(0.394 in)  = 1002 (0.155 in2)

e. No electrical isolation between heat sink and component 
required

2. Design Specs:  
a. Available heat sink with thermal resistance (Rhs): 1.5 °C/
W
b. Max design ambient air temperature (Ta): 65 °C
c. Component re-work capability required
d. Optimize for cost vs. performance
 
This problem can be summarized by the diagram and thermal 
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network represented by Figure 2.

Note, that in this example, we are only considering a 1D 
thermal network (i.e. the heat flow is assumed to flow in one-
direction through the top of the device).  In reality, however, 
the heat flow is a three-dimensional problem with heat going 
to the board and out the sides of the component; though 
the 1D network is a conservative approach and a good first 
approximation.

To begin, most TIM manufacturers specify the thermal 
performance of their products by stating thermal impedance, 
which is essentially a normalized thermal resistance with 
respect to area.  It is helpful when selecting a TIM to know 
the required thermal impedance.  The relationship between 
thermal resistance and impedance can be expressed as 
follows:

     (1)

Where,

R = Thermal Resistance {°C/W}
A = Conductive heat transfer surface area (Area of heat 
spreader or die may be used for calculations) {in2}.
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Figure 2. Diagram of Component with Heat spreader, TIM, 
and Heat sink, Showing 1D Thermal Network.

γ = Thermal Impedance {°C- in2/W or °C- cm2/W}

From the equation it is clear that the thermal resistance for a 
given TIM is inversely proportional to the heat transfer area, 
and will increase as the area decreases for a given thermal 
impedance.  It is important to keep this inverse relationship 
in mind when selecting TIM’s for components with small die 
areas such as flip-chip packages as the resulting thermal 
resistance can increase significantly with smaller die sizes.

For our example, the 1D thermal network in Figure 2 is 
represented by the following:

          (2)

Substituting equation (1) into (2) and solving for the thermal 
impedance, produces the following:

   (3)

When this expression is solved for the values in our example, 
we get a thermal impedance of 0.39 °C- cm2/W or 0.06 °C- 
in2/W.  This means that whatever TIM is chosen must have a 
thermal impedance that is equal to or lower than this value.  

As a first choice, the designer may consider thermal 
interface tape.  The advantage of tape is that it is very cost-
effective and can be used to mechanically attach the heat 
sink to the heat-spreader, eliminating the need for additional 
heat sink mounting hardware.  Table 1 shows a typical tape 
manufacturer product offering along with the respective 
thermal performance values.
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Table 1. Common Tape Thermal Values [1].

Product Conductivity
(w/mk)

Impedance*
Thickness (mils) oC in2/W

8805 0.6 5 0.48
8810 0.6 10 0.88
8815 0.6 15 1.17
8820 0.6 20 1.5
*Impedance is tested between an aluminum panel and power resistor to reflect “real world” surfaces and 
interfaces.

Looking at the table, it is clear that tape 
will not work for this application and 
something with higher performance will 
be required.  The next logical step is to 
consider epoxy, which can be used to 
mount the heat sink to the component 
without additional hardware (saving 
cost).  The problem with epoxy and 
other thermally conductive adhesives is 
that their performance, with impedance 
values ranging between 0.52 and 2.58 

°C- cm2/W (0.08 and 0.4 °C- in2/W) [2], 
is just outside of the range of what is 
needed for this application. Additionally, 
epoxy makes re-work of the component 
difficult because it creates a strong bond 
between the heat sink and component.  
The remaining viable options are 
grease and phase-change materials.  

Both grease and phase-change 
materials require additional mounting 

hardware to 
secure the 
heat sink to the 
component; and 
both types of TIM 
have impedance 
values that 
will work for 
this application 

(Grease thermal impedance ranges 
between 0.13 and 1.29 °C- cm2/W 
(0.02 and 0.20 °C- in2/W), and phase-
change materials range between 0.13 
and 1.61 °C- cm2/W (0.02 and 0.25 
°C- in2/W) [2].  Grease does have a 
slight advantage thermally over phase-
change material as it does not have a 
carrier, allowing it to flow more easily 
into the interfacial voids created by 
the rough surfaces of the heat sink 
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and component, resulting in a minimal 
bond-line thickness and maximum heat 
transfer.  A disadvantage however, 
is that grease is subject to drying out 
and a phenomenon called “pump-out” 
in which the material can migrate out 
of the interface due to coefficient of 
thermal expansion mismatch between 
the heat sink and component [3].  
Additionally, grease can be difficult 
to handle in re-work (messy) and in 
production environments, requiring 
special application, storage and 
handling of the heat sinks.  

Phase change materials (PCMs) differ 
from grease in that they are solid at 
room temperature, and then become 
liquid and behave like grease when 
heat is applied.   Once the heat source 
is removed they return to a solid state.  
PCMs are usually mounted on a carrier 
making them much easier to handle 

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
0.050
0.055
0.060
0.065
0.070
0.075
0.080
0.085
0.090
0.095
0.100
0.105

Grease Phase Change

Pressure Load (PSI)

Th
er

m
al

 R
es

is
ta

nc
e 

(o C
-c

m
2 /W

)
Comparison of required pressure to get best thermal performance between a Grease 

and Phase Change Material (PCM) using similar filler systems. 
PCM requires higher pressure to achieve optimum thermal performance versus a grease.   

during application and production.  
The carrier makes re-work easier 
(no messy grease to clean off the 
component), and provides protection 
during shipping and handling of the 
heat sinks.  The disadvantage of PCMs 
is that they require a heating cycle to 
reach minimum bond line thickness 
and maximum thermal performance.  
This process is also pressure 
dependent, whereby a higher pressure 
will yield a thinner bond line and better 
performance, as shown in Figure 3.  

As the figure shows, thermal 
performance for PCMs can degrade 
significantly at lower pressure loads, 
but high pressure loads can damage 
electronic components, so when 
designing with PCMs it is necessary to 
find a point of optimization.  

Finally, while not directly applicable to 

our example, it is important to discuss 
the use of thermal pads and films.  
Thermal pads and films consist of a 
class of products with a pre-cured 
ceramic filled polymer system bonded 
to a pad or film.  They typically have a 
thicker bond-line than other TIM options 
(such as thermal adhesive tapes) and 
are useful when the mating surface 
between the component and heat 
sink is non-conforming or for cases 
when a single heat sink is required to 
span multiple components of varying 
heights.  Thermal pads and films have 
high dielectric strength and are useful 
for applications that require the heat 
sink to be electrically isolated from the 
component [3].  

Returning to our example, the best 
thermal interface material for this 
application would be either grease 
or phase-change material.  In both 

Figure 3. Comparison of Grease and Phase Change Material Thermal Impedance as a Function of Pressure [3].
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cases, an appropriate heat sink mounting solution would be 
required.  To avoid this additional cost and labor, the designer 
could select a clip-on attachment method, such as ATS’ 
maxiGRIP™ system, which comes with high-performance 
phase change material pre-applied to the base of the heat 
sink and an innovative frame clip and spring clip assembly, 
as shown in Figure 4. 

Conclusion

Thermal interface materials play an important role in 
electronics cooling applications, providing a means of 
reducing the interfacial resistance between heat sinks and 
components.  In this article, we explored the selection criteria 
a thermal designer might use to specify a TIM for a particular 
application and illuminated some of the pros and cons of 
various TIM options.
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Figure 4. ATS’ maxiGRIPTM Heat Sink Attachment System.
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