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Abstract 

There is an increasing need for designers to understand 
the thermal performance of the semiconductors they use 
because end-product case sizes are shrinking while products� 
power levels remain the same or increase. A simulation tool 
such as P-SPICE is the most commonly available tool for 
engineers to use in performing thermal analysis of 
semiconductors. However, generating the thermal model for 
power semiconductors represents a major hurdle in 
performing such an analysis. A simplified method of model 
generation is needed. 

In this paper an Excel spreadsheet uses datasheet 
information published by the manufacturer to generate the R-
C (resistance-capacitance) parameters for a thermal model. 
Implementation of the model in P-SPICE enables 
performance evaluation for any pre-defined operating 
condition. The intent is to arrive at a fair estimate of the 
junction temperature of the power-handling device, the 
MOSFET under transient highpower pulse/s. The explanation 
of a proposed simplified method of thermal model generation 
will include an example featuring a power MOSFET. 

Introduction 
Thermal analysis of a power MOSFET consists of 

three tasks: (1) developing the thermal characterization of the 
MOSFET; (2) generating the thermal model; and (3) running 
a thermal simulation using P-SPICE or a similar platform. Of 
these three tasks, generation of the thermal model is the most 
complex process. 

Throughout industry and academia, extensive work 
attempting boundary condition independent (BCI) compact 
model development has been an ongoing challenge. There are 
two distinct approaches, one based on empirical data obtained 
from laboratory studies and the other based on FEA, 
SUNRED, CFD, or similar simulation results [1,2,3,4]. 
Accuracy, validation, and acceptance of various approaches 
have been well-addressed [5]. 

Practical implementation of analytical approaches 
requires extensive detail from device manufacturers and their 
suppliers. Information including the detailed internal and 
external dimensional structure of the MOSFET and its 
package, as well as the physical constants of each material 
used, is necessary for thermal modeling. However, data of 
this nature � required in the task of calculating the thermal 
resistance and capacitance of each section separated by 
different materials � often is not readily available, nor shared 
easily. 

In constructing the thermal model, determining the 
heat-flow paths as closely as possible to reality is another 
challenge. Inclusion of multiple heat-flow paths in the thermal 
model adds a high degree of complexity, and still the model 
can be found to have holes in it [5]. Finally, the numerous and 
varied approaches to schematic configuration and simulation 
produce different end results during analysis. 

The average engineer is faced with many time-
consuming challenges, one of which is ensuring that the 
thermal limitations are not exceeded. There is a need for a 
simplified approach to thermal modeling and simulation that 
does not require extensive time, knowledge, or access to 
typically unavailable tools. 

Methodology 
The proposed simplified method of generating a 

thermal model employs a curve-fitting technique using the 
steady-state value of junction-to-case thermal resistance {Rth 
(j-c)} and the single-pulse curve of the transient thermal 
impedance characteristics. Both values are readily available in 
the manufacturer�s published datasheet for a given MOSFET. 
The information is well refined and accepted [6]. 

Using datapoints from the single-pulse transient 
thermal impedance curve, an Excel spreadsheet is used to 
determine the values of four R-C pairs of variables that will 
generate a new curve matching the single-pulse transient 
thermal impedance curve shown on the datasheet. 

Mathematically, the curve is governed by two 
equations:  
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RT is the steady-state value of thermal resistance 
junctionto- case {Rth (j-c)}. Rx and Cx are the R-C values 
generated by the spreadsheet. These variable-pairs represent 
thermal resistance and capacitance of the MOSFET assembly. 
The Excel spreadsheet plots both curves on one chart to 
facilitate comparison and to allow fine-tuning of the curve-fit 
through tweaking of the limits of variables (R-C). 



The present exponential curve-fit routine leads to a Foster- 
type configuration for a thermal equivalent circuit in P-SPICE. 
Practical validation of the claim that the variable-pairs 
represent the thermal performance of the MOSFET assembly 
comes from the transient response curve generated by step 
input in the P-SPICE schematic circuit. This curve closely 
matches the transient thermal impedance curve of the 
MOSFET datasheet. For all practical purposes, this validates 
the P-SPICE schematic for use in thermal analysis. 

A Practical Example 
In this example a thermal model is developed for a D2PAK 

Power MOSFET, Vishay Siliconix part number SUB75N03-
04. This process uses the datasheet information for the device 
and Excel spreadsheet-developed model generation. Figures 3 
and 4 show the spreadsheet at various stages of the process. 

Step 1 
Get the datasheet for the SUB75N03-04. The thermal 

resistance ratings table (Figure 1) from the datasheet identifies 
the junction-to-case thermal resistance (Rθjc) as being 
0.6°C/W. This value is entered into the spreadsheet and is  
used to change the normalized thermal impedance values to 
absolute values. 

Step 2 
Thirteen datapoints are taken from the transient thermal 

impedance curve (Figure 2) and entered into the Excel 

spreadsheet to create the baseline curve for the curve-
matching process. The datapoints consist of thermal resistance 
and its corresponding time. Single Pulse Thermal Impedance 
curve is reproduced. However, at this point the R- 

C variables are blank in the Excel spreadsheet (Figure 3). 

Step 3 
The values of the four-element R-C model are manipulated 

to cause the model’s curve to fit the curve from the datasheet. 
As this can be a time-consuming step when done manually, the 
spreadsheet has been designed to perform this function 
automatically.  In Figure 4, the R-C values have been 
calculated to fit the curve and are displayed in the 
corresponding cells. 

Step 4 
Figure 5 shows the P-SPICE schematic diagram of the 

thermal model. The R-C values generated by the Excel 
spreadsheet have been entered into the schematic. The voltage 
source V1 corresponds to the case temperature. Current source 
I10 represents the power dissipated in the device. The power 
profile is defined in the stimulus file. The junction temperature 
of the MOSFET is represented by the value of voltage, V, on 
Cth1. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Thermal Ratings From the Datasheet 
 

Figure 2: Transient Thermal Impedance Curve From the Datasheet 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure: 3  Transient Thermal Impedance Curve of the Datasheet Reproduced in an Excel Spreadsheet 

Figure 4:  Fitting the Curve With Model Parameters 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Step 5 
    Simulation with step-input stimulus produces a transient 
impedance curve for the circuit. Figure 6 shows the P-SPICE- 
generated curve along with the datasheet and Excel 
spreadsheet curves on one chart. The close fit of the P-SPICE 
curve to the datasheet curve validates the thermal model 
shown in Figure 5. 

    This circuit can be used with any power profile to study the 
thermal behavior of the MOSFET. An example is shown in 
Figure 7. The power pulse profile starts with a maximum 
amplitude of 525 W for 0.5 milliseconds, tapering down to 13 
W in 40 milliseconds. The MOSFET junction temperature 
starts with a temperature of 25°C and rises to a maximum 
value of 98°C at 13.5 milliseconds. 

Figure 6: Transient Thermal Impedance for the SUB75N03-04 Power MOSFET 

       Figure: 5: Schematic Diagram 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Versatility 
 There are two very valuable aspects of this method of 

thermal modeling: 
1) This thermal modeling approach is independent of type 

of package. The only information required, the transient 
thermal impedance curve, which characterizes the package in 
total, is available in the datasheet.  

2) The model can be extended easily to include the effects 
of other components such as the PC board and/or heat-sink 
assembly. Once transient thermal characterization including 
additional elements is performed, the curve-fitting method of 
model generation can be used. 

 

Conclusion 
A simple method of generating a thermal model for a 

power MOSFET has been presented. The requirements for 
this model are readily available information from the device 
datasheet and commonly available tools such as Excel and P-
SPICE. The validity of this simple approach is based on the 
model’s ability to reproduce the published thermal 
characterization curve. Finally, this approach fulfills the need 
for a method of generating thermal models without requiring 
extensive time, knowledge, or access to typically unavailable 
tools. 
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     Figure 7: Power Pulse Profile 
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