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uture packaging technologies require increasing package-level thermal management 
and improved heatsinking, which then demands improved heat transfer from the 
package to the heatsink. Thermal Interface Materials (TIMs) play an important role, 

both between the package and the heatsink, and also integrated into the package to 
provide thermal contact between the die and the lid for example, where electrically 
isolating materials are used. 

F
Including a TIM appears simple, but is 
deceptively so. The performance of a TIM 
depends on temperature, pressure, surface 
roughness (of device and heatsink), to 
name just a few factors. [1,2] Consequently, 
characterizing their thermal performance 
experimentally is not straight-forward, but 
is important, if the thermal design is to be 
robust. One further complicating factor is 
the fact that several measurement methods 
for thermal conductivity exist, but are 
not necessarily comparable because the 
different methods use different boundary 
conditions. Across the industry there 
is no standard method in use today by 
TIM vendors, and so it is not possible to 
compare similar products from different 
vendors as different TIM vendors use 
different measurement systems.

Given this situation, it is essential we gain 
a better understanding of how different 
measurement systems result in different 
thermal conductivity values to be able to 
compare vendor datasheet values, with a 
particular focus on TIMs where both thermal 
performance and electrical resistivity are 
important.

To study this topic we selected TIM 
measurement techniques that are commonly-
used within the industry: 

• Transient plane source method (TPS) Hot 
Disk TPS3500 (by Hot Disk AB, Sweden), 
and

• DynTIM from Mentor, a Siemens business. 

These were complemented by measurements 
done by our partners using:

• LaserFlash (by Netzsch) courtesy of 
Plansee SE (AT); and

• TIMA measurements (by Nanotest GmbH) 
courtesy of Berliner Nanotest Institute. 
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Figure 1. DynTIM Showing Operating Principle
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The TIMA measurement system conforms to 
standard ASTM-D5470, as does DynTIM. Of 
these, DynTIM can be used for all kinds of 
materials provided that the required sample 
geometry can be prepared, and is available 
at Infineon’s thermal lab in Munich. Its 
primary use in Infineon is to provide thermal 
conductivity measurements to provide data 
to increase the dependability of Infineon’s 
thermal simulations.
 
During DynTIM’s operation, the heater diode 
is heated with a constant heating current IH 
until thermal equilibrium is established. This 
is then switched to a much lower sensing 
current IS and the temperature response 
of the diode junction Tj monitored during 
the cooling down process, as heat passes 
through the sample into the cold plate 
below. 

The temperature change ΔTj from hot to 
cool state is measured for samples of the 
same material and cross-sectional area 
(A) but varying thickness (t). For each 
sample thickness the thermal resistance 
is determined and plotted vs. sample 
thickness:

θtotal =
ΔTj _____
ΔP

The measured thermal resistance θtotal 
contains contributions from sample, tester, 
and thermal contact resistance:

θtotal=θsample+θtester+θcontact

When measuring samples of different 
thickness (t) the thermal resistances of tester 
itself and the contact interfaces resistances 
remain constant, so:

∆θtotal = ∆θsample  as  ∆θtester= θcontact = 0

The sample’s thermal conductivity is directly 
related to the slope(s) of the line. (Figure 2)
 
In the study, four different materials were 
investigated. The selection includes two 
laminates and two cavity direct injection 
molding materials (CDIM), two with epoxy 
resin and two with silicone matrix and a 
wide variety of fillers (SiO2, Al2O3, BN, ZnO 
and glass fibers). The more flexible TIMs on 
silicone basis (Materials C & D) can be used 
without additional thermal grease whereas 
the harder materials (Materials A & B) require 
thermal grease to decrease the thermal 
contact resistance towards device and 
heatsink.

Material A B C D

Material Type CDIM Laminate CDIM Laminate

Matrix Epoxy resin Epoxy resin Silicone Silicone

Filler Material SiO2 Al2O3, BN Al2O3, ZnO, SiO2 Al2O3, glass fibre

Filler Vol. % 80 70-80 90 Unknown

Vendor Data ≈ 1 7 - 8 1 - 3.5 3.0

DynTIM 1.21 ± 0.01 (13.38 ± 2.65)* 4.26 ± 0.5 2.47 ± 0.039

TPS 1.06 ± 0.02 11.0   ± 0.53 3.91 ± 1.28 3.26 ± 0.2

Laser Flash 0.98 ± 0.09 5.37  ± 0.85 4.18 ± 1.62 2.15 ± 0.3

TIMA 1.30 ± 0.09 (10.41 ± 3.9) 4.24 ± 1.37 2.51 ± 0.09

Table 1. Comparison of Measurement Results Obtained with Different Methods.

Figure 2. Thermal Resistance vs. Sample Thickness
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For some materials big deviations are 
seen between thermal conductivity values 
obtained by different methods, producing 
results that differ by >100%. The different 
methods show different levels of uncertainty. 
With the exception of Material B, for which 
only two thicknesses were available, 
DynTIM has the smallest error bands 
(shown in green in Table 1) while either the 
TIMA system or the Laser Flash exhibited 
the highest uncertainty (shown in red in 
Table 1). The DynTIM results agree very 
well with results obtained with the TIMA 
instrument, which like DynTIM conforms to 
ASTM-D5470 measurement standard. On 
the other hand the measurement results 
using TPS and Laser Flash in some cases 
did not even overlap with the DynTIM/TIMA 
results within their respective error bounds.

The evaluation of the DynTIM measurements 
assumes that the total power P generated 
in the diode actually flows through the 
TIM sample. To ensure this, the diode 
is embedded in a block of hard plastic 
material with low thermal conductivity. 
However, since there are no perfect thermal 

The DynTIM tester has 
proven a valuable 
add-on to our T3Ster, 
enabling us to 
measure not only the 
thermal conductivity 
of TIMs but also of 
other semiconductor 
packaging materials 
like mold compound 
and die attach 
adhesives.
Dirk Schweitzer, Senior Staff Engineer 
Simulation, Infineon Technologies AG

Figure 3. Heat Flux Vectors through DynTIM Sample and into Cold Plate
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insulators we have to assume that at least 
a small portion α of the heat will not pass 
through the sample but flow through other 
structures of the tester. We call this portion 
the parasitic heat flow. Calibrating for the 
parasitic heat loss can further increase the 
accuracy of the DynTIM measurements, and 
so is of significant interest to Infineon. To 
determine the amount of parasitic heat we 
performed a series of measurements with a 
heat-flux sensor positioned with the sample 
in the heat-flow path of the DynTIM-tester. 

The commercially available sensor internally 
consists of a large number of PN-junctions 
connected in series a to create a thermopile, 
embedded in an epoxy matrix between 
two copper sheets. If heat flows through 
the sensor the thermopile generates a 
voltage (Seebeck effect) which is directly 
proportional to the heat flow density. This 
allows the proportion of the total heat flow 
(1-α) that passes through the sample to be 
measured directly. This is shown visually 
using a FloTHERM simulation in Figure 3.
 
The experimental setup showing the lower 
liquid-cooled cold plate and heat flux 
column are shown in Figure 4 (left). By 
increasing the thermal resistance of the 
sample under test it is possible to increase 
the parasitic heat losses as a proportion of 
the total heat dissipated by the diode heater, 
and detect what these heat losses are by 
measuring the remaining heat that passes 
through the sample. The inferred parasitic 
heat loss is found to increase exponentially 
with increasing total resistance as shown in 
Figure 4 (right). 
 
Given how good the fit is, not only can 
we eliminate the error due to the parasitic 

heat loss in this way, at the same time we 
can extend the measurement range of the 
DynTIM tester beyond the recommended 
limit of 10 K/W. Our aim is to redo the error 
analysis for DynTIM taking into account 
additional influences not considered so 
far, and to explore the method further by 
means of simulation to better understand 
the impact of all details of the measurement 
setup on the results. 

Understanding the nature of the parasitic 
losses, coupled with the ability to correct for 
them will make DynTIM a far more accurate 
system and extend the range of materials 
it can be applied to. This accuracy, 
combined with versatility make it one of the 
most useful pieces of thermal conductivity 
measurement equipment available for TIMs.
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Figure 4. Sample on top of Sensor (left), and % Parasitic Heat vs Total Thermal Resistance (right)
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