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Introduction:

Compact level-3 PSPICE and SABER models are designed for the calculation of the
electrical and thermal behaviour of electronic devices. To achieve correct simulation
results it is mandatory to include the correct temperature dependencies in the
electrical device equations of the model. It is further necessary to choose an
adequate model of the thermal path between the electronic device and the ambient
heat sink.

The system of electrical equations is coupled to the thermal equations as a feedback
loop. The dissipated electrical power is fed to the thermal system and the resulting
temperature rise is used to re-evaluate the electrical parameters (Figure 1).
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Figure 1: Interaction between the electrical and thermal sub-systems of a level-3
compact device model

This application note focuses solely on the thermal sub-system of the compact
model. It describes how the appropriate thermal parameters are found.

Compact thermal models:

The parameters of the most common thermal model for electronic devices are
directly extracted from measured device-cooling curves. Therefore, it is usually called
the ‘practical thermal model’. As shown in Figure 2b, it consists of a chain connection
of p-type thermal RC elements. The procedure of the thermal parameter extraction
from measured cooling curves is widely described in literature.

The main drawback of this ‘practical model’ is, that, during the simulation of
application circuits, it cannot be easily extended to include additional thermal devices
such as new heat sinks.
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Figure 2: Thermal path models of electronic devices

Another type of model is the physical-correct model shown in Figure 2a. It consists of
a chain connection of T-type RC elements and has the advantage that an extension
with a heat sink model can be easily accomplished. The drawback of this type of
model is that the parameters of this RC chain cannot be simply extracted from a
cooling curve. The parameterization of this type of model requires a costly curve-
fitting procedure or a detailed knowledge of the layer materials and layer sequence
inside the device. It is very easy, however, to transform the parameters of the p-type
thermal RC elements (Foster form according to circuit theory) into the appropriate T-
type elements (Cauer form according to circuit theory).

The transformation procedure:

The transformation of the parameters of the ‘practical model’ into the parameters of
the physical correct model is described in detail in [1]. It is based on the frequency-
dependent representation of the RC chains.

In MATHCAD, the ‘practical’ thermal impedance function can be written as

! Rn
Zth m(s) := Z —
1+ s-Rth -Cth
n=0

where s = jwand n = Number of RC-cells of the chain connection.

The ‘physical correct’ thermal impedance function is by the equation:

1

Zth_p(s,Cth_p0, Rth_p0, Cth_p1, Rth_p1, Cth_p2, Rth_p2, Cth_p3, Rth_p3) :=

s-Cth_p0+

Rth_p0 +

s-Cth_pl+ n

1

Rth_pl +

s-Cth_p2 +
Rth_p2 + L

s:Cth_p3+

Rth_p3
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Furthermore, the following three assumptions apply:

1) The number of RC cells is identical in both chains.

2) The reciprocal value of the first chain capacitance in the physical-correct model is
identical to the reciprocal sum of the capacitance values of the ‘practical model’.

3) The sum of the resistance values is identical in both models

Starting with the extracted ‘practical’ RC values and applying a ‘least-mean-square
procedure’ to the physical-correct impedance function results in the fast and efficient
transformation procedure.

Example:

As an example, the data-sheet values of the ‘practical’ thermal model of the
DUOPACK IGBT SKW25N120 are used. The resulting impedance curve is displayed
in Figure 3. The transformation, i.e. the least-mean-square procedure, is carried out
by means of a MATHCAD document using the MATHCAD functions ‘MINFEHL’
(German version) or ‘MINERROR’ (English version). The resulting thermal
impedance curve versus the complex frequency s = jwis shown in Figure 3. The
difference between the original and the transformed impedance curve is negligible.

In Table 1, the extracted RC parameters of the practical thermal model and the
related transformed parameters are summarized.

Device: SKW25N120

Parameters extracted from Zth curve (p) | Transformed parameters (T — physical
correct)
Rth in Ohms Cth in Farad Rth in Ohms Cth in Farad
0.037 0.01 0.058 0.0081
0.081 0.041 0.078 0.038
0.209 0.43 0.216 0.391
0.074 6.728 0.049 9.696

Table 1: Parameter sets of alternative junction-case thermal models (DUOPACK

IGBT SKW25N120)
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thermal impedance vs. frequency
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Figure 3: Comparison of thermal impedance curves (red: extracted parameters; blue:
transformed parameters)

Summary:

The transformation procedure of ‘practical’ thermal to physical-correct model
parameters can be easily implemented in a MATHCAD spreadsheet. The resulting
physical correct parameter sets can be included in level-3 device models to simulate
the device’'s temperature behavior during operation. Furthermore, the physical-
correct thermal model can be easily extended to include the influence of additional
heat sinks.

Infineon Simulation Support:
For further information please contact us through our local sales offices, email to

simulate@infineon.com, or check out our simulation web site:
http://www.infineon.com/simulate.
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Attention please!

We hereby disclaim any and all warranties, including but not limited to warranties of non-infringement, regarding circuits, descriptions and charts
stated herein. Simulation models provided by INFINEON are not warranted by INFINEON as fully representing all of the specifications and
operating characteristics of the semiconductor product to which the model relates. The model describe the characteristics of a typical device. In all
cases, the current data sheet information for a given device is the final design guideline and the only actual performance specification. Although
models can be a useful tool in evaluating device performance, they cannot model exact device performance under all conditions, nor are they
intended to replace bread-boarding for final verification. INFINEON therefore does not assume any liability arising from their use. INFINEON
reserves the right to change models without prior notice.

Information

For information on simulation-related issues, please check out the INFINEON simulation web page: www.infineon.com/simulate or

email to: Simulate @infineon.com. For information on technology, delivery terms and conditions and prices of INFINEON devices please
contact your nearest Infineon Technologies Office in Germany or our Infineon Technologies Representatives worldwide (see address list).

Warnings

Due to technical requirements components may contain dangerous substances. For information on the types in question please contact your
nearest Infineon Technologies Office.

Infineon Technologies Components may only be used in life-support devices or systems with the express written approval of Infineon
Technologies, if a failure of such components can reasonably be expected to cause the failure of that life-support device or system, or to affect the
safety or effectiveness of that device or system. Life support devices or systems are intended to be implanted in the human body, or to support
and/or maintain and sustain and/or protect human life. If they falil, it is reasonable to assume that the health of the user or other persons may be
endangered.
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