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Analysis of temperature
correlation on IGBT modules



Why do we need to know the temperature
of IGBT?

Knowing the temperature correlation in the IGBT

module helps to extend the current carrying

capability for higher power density.

Monitor if the heatsink is sufficient for the system or

optimizing is necessary.

 Lower junction temperature means higher reliability.

 Possibility to increase switching frequency if there is

thermal budget left
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How to do it?

set date Page 3Copyright © Infineon Technologies AG 2015. All rights reserved.

Using an AC source
• Thermal coupling between

IGBT and Diode is
considered.

• Power loss can be tuned
more accurately than using
DC source.

IGBTDiode



How to measure the temperature?

 IGBT modules without gel but covered with high temperature matt
black paint is required to use an infrared camera.

 It has to be noted that the temperature measured by neither
infrared camera nor by a thermocouple represent the virtual
junction temperature Tvj that is used to define a rating for the
device.
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The correlation between junction
temperature and power loss

 In case the IGBT module is not in operation, no losses are
generated and the junction temperature should be the same as the
ambient temperature.

 The dashed curves in the right area predict the highest possible
power the system can reach.

 If the IGBT module is changed or cooling conditions are changed,
the result changes as well.
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The correlation between NTC temperature
and junction temperature

 In real case, it is difficult to determine the IGBT chip junction
temperature.

 With the NTC value, an estimate of the highest junction
temperature for protecting the module during static operation
can be done.
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NTC’s
Characteristics

from datasheet



Thermal comparison IGBT module

 A comparative test was done using water cooling;
water inrush temperature is about 45℃.

 Both tests are done at 300A.

 FF600R17ME4 can be operated at larger current than
FF450R17ME4 if the same heat sink is used.
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Further improvement

 There is the limitation in adjusting the power ratio between IGBT
and diode. An electronic AC-source may give some help. As an
alternative, the module could be used as a load, driven by a H-
bridge.

 The lack of electrical measurements of the virtual junction
temperature. More advanced test setups are expected to enable
even higher accuracy
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Tvj~f(VF)



Conclusion

Applying a low voltage AC-source in thermal system

characterization provides significant benefits

compared to heating up the module from a DC-source.

 Even the basic setup using transformers as AC-source

can support the design engineer in achieving higher

power density by more accurately designing to the

thermal limits.

A proper setpoint value for the NTC can be use to

achieve overload and high temperature protection.
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Questions?
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