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Qin, Yuan & Albano, Benjamin & Spencer, Joseph 
& Lundh, James & Wang, Boyan & Buttay, Cyril & 
Tadjer, Marko & Dimarino, C.. (2023). Thermal 
management and packaging of wide and 
ultra-wide bandgap power devices: a review and 
perspective. Journal of Physics D: Applied Physics. 
56. 10.1088/1361-6463/acb4ff. 

• Every conversion of electrical energy – from generation to consumption – requires power semiconductors (Si, SiC, GaN)

Power Electronic Modules

https://www.infineon.com/cms/en/product/power/
https://www.infineon.com/cms/jp/about-infineon/press/market-news/2013/INFIPC201303-031j.html
https://www.infineon.com/cms/en/product/power/igbt/automotive-qualified-igbts/automotive-igbt-coolsic-mosfet-modules/hybridpack-dsc/ https://www.infineon.com/cms/en/product/technology/wide-bandgap-semiconductors-sic-gan/
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frame-based modules

discretes

molded modules

https://www.infineon.com/cms/en/product/power/
https://www.infineon.com/cms/jp/about-infineon/press/market-news/2013/INFIPC201303-031j.html
https://www.infineon.com/cms/en/product/power/igbt/automotive-qualified-igbts/automotive-igbt-coolsic-mosfet-modules/hybridpack-dsc/
https://www.infineon.com/cms/en/product/technology/wide-bandgap-semiconductors-sic-gan/
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Power Electronic Modules https://opus4.kobv.de/opus4-fau/frontdoor/index/index/year/2018/docId/9938

Baseplate Ceramic
circuit carrier

Semiconductor device
(transistor, diode)

Wire bonds
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Electrical considerations and circuit simulations result
in a preliminary module layout
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Optimization options – arrangement, materials, 
technologies
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Electrical simulation section:
- Parasitics – R, C, and L – are extracted
- Electric Field simulation
- Circuit simulation
 Improvement of module design:
layout and geometry; material
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Thermo-mechanical section:
- Temperature distribution, Rth an Zth
- Thermo-mechanical behavior
 Improvement of module design:
layout and geometry; material

Lifetime 
simulation
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• Thermal simulation in…
• Device heating on the circuit carrier
• Cooling performance of the heat sink
• Convection of heat in the converter

arrangement

Ref. „Thermal simulation during the design processof Electronic Systems - Conjugate
Heat Transfer“, ECPE Training: Simulation in Power Electronics, Thomas Menrath 2016.

Exemplary tools…
• Mentor Graphics FloTHERM
• 6SigmaET
• CD-adapco STAR-CCM+ 
• Ansys Icepak
• Autodesk 
• SOLIDWORKS Flow
• Siemens NX Electronic Systems Cooling 
• Comsol Heat Transfer Module 
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Thermal and Thermo-Mechanical Simulation
• Thermal Simulation in…

• Device heating on the circuit carrier
• Temperature distribution
• Rth, Zth

• Cooling performance of the heat sink

• Convection of heat in the
converter arrangement

Ref. „Thermal simulation during the design processof Electronic Systems - Conjugate
Heat Transfer“, ECPE Training: Simulation in Power Electronics, Thomas Menrath 2016.
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Thermo-Mechanical Simulation
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Ref. "Heat dissipation and deformation in power electronic modules," ECPE Training: 
Simulation in Power Electronics, Uwe Waltrich 2016.

• Temperature distribution and the resulting deformation
as well as mechanical stress

Exemplary tools…
• ANSYS Mechanical
• COMSOL
• SOLIDWORKS
• AutoDesk Simulation
• PTC Creo Simulate

temperature
distribution 

mechanical stress

st
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• Electric field strength in the vicinity of the metallization 
edge of a ceramic circuit carrier
 Insulation to the base plate / heat sink

Distribution of the electric potential

Distribution of the electric field

C. F. Bayer et al., "Simulation of the electric field strength in the vicinity of metallization edges on dielectric 
substrates," in IEEE Transactions on Dielectrics and Electrical Insulation, 2015, doi: 10.1109/TDEI.2014.004285.
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Electric and Electronic Simulation
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• Extraction of parasitics – R, C, and L

Ref. “Parasites in the power module – on tour with Henry, Farad, and Ohm," ECPE 
Training: Simulation in Power Electronics, Christoph F. Bayer 2016.

Exemplary tools…
• MIT FastCap, FastHenry
• ANSYS Q3D, HFSS, Maxwell 
• Keysight ADS 
• Synopsys StarRC, QuickCap
• Cadence QRC 
• Mentor Graphics Calibre xACT3D

L in nH R in mΩ

f in Hz
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Thanks for your attention!
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