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Abstract
This paper compares the application of two methods for testing thermal interface 
materials to the development and characterization of high performance materials. 
Particular strengths of different test methods provide a more complete understanding 
of TIM performance. In combination, the tools provide effective development and 
improved metrics. The limitations in resolution and repeatability are discussed. 
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Thermal Interface Testing
At the 2006 Semi-Therm 22nd Conference, 
Lasance, et al. [1] presented a summary 
of the challenges facing thermal interface 
mater ial testing. These challenges 
include the issues of repeatability and 
reproducibility of any test method as well 
as the applicability of the tests to behavior 
of the TIM in service. These issues 
continue to rise as a wider variety of TIM 
materials are introduced into the market for 
the ever-increasing heat load demands on 
the thermal solutions.

Thermal resistance tests include steady 
state methods such as prescribed in the 
ASTM D5470 standard [2] and various 
types of thermal test vehicles [3, 4], and 
transient methods such as the electrical 
temperature measurement [5] and the laser 
flash test [6].

In this paper, we limit our discussion to 
experiences with variations of the steady 
state test method. Details of the equipment 
are described elsewhere [3, 7]. We review 

experiences with evaluating and developing 
high-performance TIM materials and the 
correlation of the different testing methods. 
These evaluations include some data from 
initial installed material, as well as the 
performance resulting from exposure.

Steady State Testing 
Configurations
Figures 1 and 2 are schematics of the two 
steady state test methods used. The ASTM 
D5470 test stand consists of a press to 
apply the clamping force to the interface 
between the heat source and the heat-sink. 
The instrumentation includes a load cell for 
the pressure, a precision power supply to 
drive the resistive heaters, a temperature-
controlled circulating fluid for the cooling 
block, and temperature sensors embedded 
in metering blocks attached to the heat 
source and sink. The temperature sensors 
are 4-wire resistive temperature devices 
(RTDs).



	 2

INDIUM CORPORATION
T E C H N I C A L  PA P E R

©2020 Indium Corporation

With the assumption of linearity, two 
RTDs in a fixed geometry in the blocks 
monitor the temperature gradient, ΔT/L, 
in the blocks. This gradient multiplied by 
the (known) thermal conductivity, λ, of 
the block determines the heat flow per unit 
area, Q/A. Extrapolation of the temperature 
gradient to the interface surface of the 
blocks provides the surface temperatures 
of the TIM material, TC and TH. With the 
information about the heat flow and the 
temperatures of the surfaces of the TIM, 
the thermal resistance, θ, is calculated as 
θ = (TH – TC) x A/Q.

In the thermal test vehicle, a similar 
methodology is used. An electrically heated 
IC is instrumented with integral four-wire 
RTDs. The TIM is applied between the IC 
surface and a cooling plate held in place by 
a spring-loaded clamping force. The plate is 
cooled by symmetric fan-cooled heat-sinks. 
The cooling plate is instrumented with an 
embedded thermocouple located above the 
IC. Since the gradients to the TIM surfaces 
are not directly measured, each TTV design 
is calibrated with a factor that includes 
the thermal resistance contribution of the 
thickness of the silicon die and the copper 
between the TIM and the thermocouple.

While the thermal test vehicle has limits 
in absolute accuracy when measuring 
thermal resistance, the design closely 
models the environment a TIM would 
experience in service. This allows for 
relevant comparisons of TIM performance 
of widely different physical characteristics. 
Together with a standardized test, the 
TTV lends itself to development and 
characterization of materials.

Uncertainty of 
Measurement
The theoretical uncertainty, Uθ, for the 
tester is a function of the tolerances in 
the geometry of test blocks, the thermal 
conductivity of the calorimeter blocks, 
and the uncertainties in the temperature 
measurement. The dimensions of the 
blocks and the drilled hole locations are 
measured to within ±5μm and ±25μm, 
respectively. The thermal conductivity 
of the blocks is reported in the range of 
150–155W/mK.

For the temperature measurements, the 
instrument uncertainty is 0.013°C with 
a resolution of 0.001°C. For the different 
measurements, the upper bound of the 
uncertainty is 0.018°C. Internal calibration 
of the RTDs demonstrated repeatability of 
the four RTDs to be ±0.004°C.
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Figure 2. Schematic of TIM thermal test vehicle.
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Figure 1. Schematic of TIM and test block 
configuration of ASTM D5470 tester.
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Following the NIST methodology [8] for the expanded 
uncertainty of thermal resistance, measurement for this 
instrument is 0.0068cm2-°C/W (k=2). An initial test of the 
repeatability for a single sample repeatedly loaded showed a 
spread with a standard deviation of 0.0035cm2-°C/W. This is 
consistent with the calculated uncertainty of measurement. 
However, when individual samples of the same lot of 
material were tested, the standard deviation increased to an 
unacceptable level of 0.026cm2-°C/W.

A check of the RTD probes revealed that removing and 
reseating the probes showed as much as a 0.1°C offset between 
measurements—far more than the ±0.013°C confidence 
interval. The probe contact to the test block appeared less than 
expected and the insulation on the length of the probe was not 
adequately isolating the probe stem from convective cooling.

This combination of a steeper temperature gradient at the 
probe interface to the block and poor thermal contact with 
the block resulted in a larger stem loss temperature drop 
than the 0.01°C calculated for a probe interface resistance of 
0.5cm2-°C/W.

The contact grease on the RTD probes was removed and 
replaced with higher performance thermal grease and the 
insulation was modified to improve its uniformity. With these 
modifications, the variability of the set-up was reduced to a 
standard deviation of 0.008cm2-°C/W.

The stem loss effect on the TTV measurements is less 
complex. A lowering of the temperature of the TC probe offsets 
the thermal resistance measured to the plate. The temperature 
difference from the junction to ambient (Tj-a) serves as an 
indicator for a problem with the thermocouple stem loss. 
The same adjustments to the TTV probe are incorporated for 
consistency.

Results
Figure 3 shows a typical presentation of the data from the 
ASTM tester. In this evaluation, two types of thermal grease 
are compared to the response of metallic TIM material. 
These materials have widely varying response to the applied 
clamping force.

For greases, the wetting of the interface surfaces requires little 
force to achieve thermal contact. The application of clamping 
pressure reduces the interface resistance slightly by thinning 
the TIM.

In contrast, the metal TIM interface requires a clamping 
force of roughly half the yield point of the alloy to achieve the 
intimate contact needed for equivalent thermal resistance. The 
contact resistance continues to decrease asymptotically to the 
bondline thickness (BLT) limit as the pressure is increased 
further. The approach to the lower limit can be changed with 
modified processing. The lower line reflects this move toward 
lower resistance and faster approach to the limit. 
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Figure 3. Plot of the thermal resistance of several TIM materials as a 
function of applied clamping pressure.
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The pressure response of the metal TIM of varying thicknesses 
is presented in Figures 4 and 5. The thermal resistance shows 
the predictable reduction with the bondline thickness for 
the thicker material. However, the trend is reversed for thin 
materials as the plastic flow is limited by the overlapping 
elastic stress fields at the contact points. 

The resistance at the intercept (where P→∞) is plotted in 
Figure 6. The linear relationship (with the exception of the 
thinnest foil) reflects the contribution of the bulk material 
conductivity to the thermal resistance. The slopes of the lines 
in Figure 5 reflect the interface resistance of the solid TIM in 
compression. 

In contrast to the application of the ASTM D5470 test, the 
thermal test vehicle provides information at a single clamping 
pressure. However, it can provide a profile of the temperatures 
across the interface. This information provides insight into 
uniformity of the thermal resistance and the geometry of the 
degradation modes.

In Figures 7 and 8, the temperature profiles of common 
end-of-life failure modes of TIM materials are depicted in 
contrast to a stable TIM material. Figure 7 shows the profile 
of a TTV run through 1,000 power cycles from 0 to 50 watts. 
The flexing of the die due to the thermal expansion mismatch 
pumps grease out from the center of the TIM. A temperature 

peak in this area develops and grows with time.

In Figure 8, the same type of comparison is shown for the 
effect of drying of the grease during elevated temperature 
exposure. Again, the thermal resistance develops a temperature 
peak in the center of the die and degrades with time.

Conclusion
In this paper, two steady state thermal testing methods 
are compared. The ASTM D5470 tester provides material 
behavior of materials at various temperatures and pressures. 
This provides application windows and comparative 
performance data for materials. The thermal test vehicle is 
specific to a single application but it can provide a wealth  
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Figure 4. Plots of thermal resistance of indium shim of different thicknesses.

Figure 5. Plot showing the relationship thermal resistance vs. the inverse 
of pressure.

Figure 6. BLT thermal resistance contribution for the indium metal TIM.

Figure 7. Temperature profiles of TIM materials subjected to power 
cycling. The thermal grease pump-out profile is shown on the right 
in contrast to a stable metal TIM on the left.
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of information about the performance of TIMs over their  
life cycles.

The combination of the two testing tools provides a more 
complete picture of a new TIM. This testing and understanding 
helps reduce risks associated with product introduction. 
Additionally, the performance measurements provide the 
information needed for intelligent product improvement.
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Figure 8. Temperature profiles of TIM materials after thermal exposure. The 
bake-out profile of grease is shown on the right in contrast to a stable metal 
TIM on the left.


