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Novel contributions
Thermal management

• Limited additional hardware related to the 𝑣𝑐𝑒 sensing

• Ease of implementation, automatic procedure for the calibration process and data

analysis

• Non-invasive method, temperature estimation is based on thermo-sensitive electrical

parameters (TSEPs)

• Possibility to estimate the junction temperature for resin encapsulation modules

• Possibility to extend to online temperature estimation for real-time thermal modelling and

diagnostic

• Industrial oriented method

Addressed research questions/problems
The main topics addressed in this research can be summarized in the following points:

• Analysis of hardware solution – Simulation and design of a modular converter

composed by paralleled module. Find the best solution that is a compromise between

additional hardware (synchronization control board) and reliability. Test of control strategy

for the reduction of the circulating current.

• Testing and characterization of components – Characterization of high-power

inductors both in linear and deep saturation regions.

• Thermal management – Junction temperature estimation for IGBT modules for thermal

characterization during prototyping and online measure for reliability and lifetime

estimation.

Research context and motivation
The continuous progress in power electronics technology makes the rating of the power converters possible. In literature several solutions have already been investigated, from the devices’

technology and packaging to new topologies and control strategies. Nevertheless, for industrial applications, higher costs and a partial lack of knowledge regarding reliability imposes strict

limits on the diffusion of high-power converters. A stronger understanding of reliability ensures more predictable maintenance and improved component optimization. As a result a reduction of

oversizing can be obtained, leading to a decrease of cost and volume. In this context, the research aims to develop solutions to increase the current rating that can be suitable for industrial

applications.

Future work
1. Junction temperature estimation

• Test of the proposed method on some industrial converters

• Analysis of the junction temperature estimation through freewheeling diodes and

comparison with the results obtain with IGBTs

• Implementation of the required hardware on the gate-driver circuitry for online

temperature estimation

• Extrapolation of transient and steady-state thermal model

XXXIV Cycle

2. Parallel of converters

• Simulation of parallel converter to

increase the power rating by

using an existing hardware

• Analysis of the circulating current

• Application of the online

junction temperature estimation

method

3. Testing and characterization of component

• Characterization of high power inductors

Fig. 5: Parallel of converters

Adopted methodologies

Thermal management

The junction temperature estimation method involves three different steps:

3. Temperature estimation

• Test on the final converter

• Temperature estimation

Fig. 1: Step of the junction temperature estimation method

1. Calibration process

• IGBT on-state measure at known test current 𝑖𝑐𝑒 and temperature 𝑇𝑗
• Extrapolation of the 𝑣𝑐𝑒(𝑖𝑐𝑒) map for each IGBT

Fig. 2: On the left the calibration setup, on the right the view of the test rig layout 

2. Data analysis

• Extrapolation of the 𝑇𝑗 𝑣𝑐𝑒 , 𝑖𝑐𝑒 look-up

table

• Two maps for high current and low current

corresponding to the high temperature

sensitivity range

Fig. 3: Average sensitivity curve for high side 

and low side IGBT.

Fig. 4: GUI of the automatic calibration process 


