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Content 

 Field returns of power modules 

 Comparison of the environmental resistance of different power modules of 
different manufacturers 

 What's next?  Research and Development 

 Forschungsfabrik Mikroelektronik Deutschland, 
Environmental Laboratory 

 National research projects with international cooperation: 
ZuLeSelf and ISOgap 
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Field Returns of Power Modules 
Modules in harsh environmental conditions 

 Investigation of the problem 

 Corrosion phenomena / formation of dendrites in the isolation trench on the 
ceramic 
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Field Returns of Power Modules 
Analysis 

 SEM und EDX 

 Tree 

Seedling 

Grass 
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Field Returns of Power Modules 
Analysis 

 SEM and EDX 

 Dendrites 

 

 

 

 

 Ceramic substrate (AMB-Si3N4) 
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Field Returns of Power Modules 
Analysis 

 Corrosion 

 Growth of dendrites 

   

 Electrical treeing 

 
 

 

 

 

 

Degradation of the polymeric encapsulation by continuous partial discharge 

C 

O 

early stage growing dendrite 
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Theoretical background 
Electrochemical migration (ECM) and dendrite growth 

 Mechanism of ECM and dendrite formation 

 Metal ions go into solution and migrate from the anode to the cathode 

 Metal deposition at the cathode  Dendrite growth from the cathode towards 
the anode 

 

 

 

 

 

 Problem: If the dendrite reaches the anode, it will short-circuit  

        Component or system failure 
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Conception of corrosive gas tests 
Recommendation of corrosive gas tests for assemblies in 
weather-protected industrial environment1 
  Single-gas test, DIN EN 60068-2-42 /-43 and DIN V 40046-36 /-37 

 Hydrogen sulfide H2S: 1 or 10 ppm / 4, 10, or 21 days  

 Sulfur dioxide SO2: (1,) 10 or 25 ppm / 4, 10, or 21 days 
 

 3 or 4 components mixed gas test, IEC 68-2-60 

 0.01 ppm H2S + 0.02 ppm SO2 + 0.02 ppm NO2 + 0.01 ppm Cl2  

 Single-gas and mixed gas test, DIN EN ISO 10062 

 0.1 ppm H2S / 0.2 bzw. 0.5 ppm SO2 / 0.5 ppm NO2 / 0.02 ppm Cl2  

 

 

+ 

– 

– 
Good reproducible results - in agreement with the 
appearance of corrosion in reality 

Expensive, too little corrosion effect 

+ 
– 

1Schadgas-Tests an elektronischen 
Komponenten und Baugruppen, 
Dr. Gert Vogel, Siemens AG 
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Conception of corrosive gas tests 
Which tests are sensible and why?1 

 Hydrogen sulfide  (H2S: 1 - 1000 ppm)  
 Corrosion of copper and silver for weak point analysis 
 Most important test 

 Sulfur dioxide  (SO2: ~ 10 ppm)  
 Corrosion of nickel under porous gold on contacts 
 Scratches are just as dangerous as too thin a gold layer! 

 Mixed gas tests according to the standard are not very meaningful, because they are 
too weak.  In mixed gas, the effect of the corrosion is proportional to the H2S content! 

 Mixed gas tests with higher concentrations (H2S ≥ 0.5 ppm) than in the standards 
 Insights into synergy effects, creeping corrosion, ... but not yet a standard 

 

 

 

1Schadgas-Tests an elektronischen 
Komponenten und Baugruppen, 
Dr. Gert Vogel, Siemens AG 
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Comparison of the environmental resistance of different 
power modules of different manufacturers 
 
 40 °C / 85 % rH 50 ppm H2S 

 

 Gate and emitter shorted 

 Voltage load 1 kV block-shaped PWM 
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Comparison of the environmental resistance of different 
power modules of different manufacturers 
 

Module A 
- Corrosion in the isolation trench 
Module B 
- Edge coating and corroded 
contamination 
Module C + Module D 
- No corrosion traces in the trench 
and corrosion on the copper 

A B C 

D 
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Electrochemical corrosion on ceramic circuit carriers 
Film (https://www.iisb.fraunhofer.de/en/research_areas/packaging_reliability.html) 

https://www.iisb.fraunhofer.de/en/research_areas/packaging_reliability.html
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Electrochemical corrosion 
on ceramic circuit carriers 
 
 Necessary boundary condition: detachment of the polymeric insulation (“space") 

 Electrochemical corrosion needs… 

 Water/moisture to the metallic current-carrying parts 

 Voltages greater than 1.6 V 

 Accelerating factors 

 Higher voltages 

 Direct paths through the 
electrolyte 

 Catalytic substances: 
Cl, S, etc.; acids, alkalis 

Christoph F. Bayer et al., „Electrochemical Corrosion 
on Ceramic Circuit  Carriers …,“ CIPS 2018 
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Corrosion in Power Electronics 
What‘s next? 

 Joint environmental labs due to… 

 

 Equipment 

 Active power cycling, passive temperature test, storage tests (HTRB, H3TRB), 
corrosive gas test, damp heat test, statistical analysis, test plans and methods, 
lifetime modelling 

 Soon: preassure cooker, salt spray, highly accelerated stress test (HAST)Analyse 
mittels Mikroskop, REM, EDX, Schliff, Auflösen, etc. 
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Corrosion in Power Electronics 
What‘s next? 

 Publicly funded national projects with international cooperation 

 Corrosion protection in ISOgap 

 Influence of cleanliness 

 Coatings from aviation electronics, 
such as Parylene 

 Corrosion protection for highly integrated module concepts 

 (Corrosion) monitoring in power modules in ZuLESelf 

 Integration of sensors: T, rH, etc 

 Aging and test 
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Thank you very much for your Attention! 

 Questions… 
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