
 

Condition monitoring of power electronics increases the safety and relia-
bility of autonomous driving and electrical vehicles. Therefore, this thesis 
presents a concept for the detection of assembly and interconnection 
faults in power semiconductors during operation. For this, a test vehicle is 
designed that includes a MOSFET and four adjacent temperature sensors 
placed on the top copper layer of a printed circuit board.

Multiple instances of the test devices are manipulated with different fault 
patterns in the solder layer between the semiconductor package and PCB 
or bond wire faults. A model is designed in a 3D FVM simulation environ-
ment to examine the effect of all failure cases on the junction temperature 
of the semiconductor and the temperature of the top copper layer of the 
PCB, which is measured by the temperature sensors. Based on this tem-
perature pattern, three detection algorithms using the sensor readings are 
presented.

The experimental results show that large, coalesced solder faults and bond 
wire faults, which both are common degradation mechanisms, are reliably 
detected with the evaluation algorithms and their growth can be observed. 
In addition to the test vehicle, the fault detection algorithms are applied to 
two more industry-related test specimen and show similar results.
Furthermore, two machine-learning classification approaches are presented 
that detect severe solder defects with over 97% accuracy on a dataset 
extended by the simulation of a large number of fault patterns.

The developed fault detection methods represent novel and feasible 
approaches for condition monitoring of power semiconductors that can be 
applied during operation with low computational effort.
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Abstract

Condition monitoring of power electronics increases the safety and reliability

of autonomous driving and electrical vehicles. Therefore, this thesis presents a

concept for the detection of assembly and interconnection faults in power semi-

conductors during operation. For this, a test vehicle is designed that includes a

MOSFET and four adjacent temperature sensors placed on the top copper layer

of a printed circuit board.

Multiple instances of the test devices are manipulated with different fault pat-

terns in the solder layer between the semiconductor package and PCB or bond

wire faults. A model is designed in a 3D FVM simulation environment to examine

the effect of all failure cases on the junction temperature of the semiconductor and

the temperature of the top copper layer of the PCB, which is measured by the tem-

perature sensors. Based on this temperature pattern, three detection algorithms

using the sensor readings are presented.

The experimental results show that large, coalesced solder faults and bond

wire faults, which both are common degradation mechanisms, are reliably de-

tected with the evaluation algorithms and their growth can be observed. In addition

to the test vehicle, the fault detection algorithms are applied to two more industry-

related test specimen and show similar results. Furthermore, twomachine-learning

classification approaches are presented that detect severe solder defects with

over 97% accuracy on a dataset extended by the simulation of a large number of

fault patterns.

The developed fault detectionmethods represent novel and feasible approaches

for condition monitoring of power semiconductors that can be applied during op-

eration with low computational effort.
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Kurzfassung

Die Zustandsüberwachung von Leistungshalbleiter erhöht die Sicherheit und

Zuverlässigkeit von autonomen und elektrischen Fahrzeugen. Deshalb wird in

dieser Thesis ein Konzept für die Detektion von Fehlern in derAufbau- und Verbind-

ungstechnik von Leistungshalbleitern während des Betriebs vorgestellt. Hierzu

wird eine Testanordnung mit einem MOSFET und vier benachbarten Temper-

atursensoren, welche auf der obersten Kupferlage einer Platine aufgebracht sind,

erstellt.

Mehrere solcher Anordnungen werden mit verschiedenen Fehlernmustern in

der Lötung zwischen Halbleiter und Platine oder Bonddrahtfehlern manipuliert.

Ein 3D-Simulationsmodell wird erstellt, um die Auswirkungen aller Fehlerfälle auf

die Sperrschichttemperatur des Halbleiters und die Temperatur des umliegen-

den Kupfers, auf dem die Temperatursensoren angebracht sind, zu bewerten.

Basierend auf den resultierenden Sensordaten werden drei Detektionsalgorith-

men vorgestellt.

Die experimentellen Ergebnisse zeigen, dass typische Degradationsmecha-

nismen wie Bonddrahtfehler oder große, zusammenhängende Lotfehler sowie

deren Wachstum durch die Algorithmen zuverlässig detektiert werden können.

Zusätzlich werden dieAlgorithmen auf zwei industrienaheTestanordnungen ange-

wendet und zeigen ähnliche Resultate. Darüber hinaus werden zwei auf maschi-

nellem Lernen basierende Klassifikationsalgorithmen vorgestellt, die Lotfehler mit

einer Genauigkeit von über 97% in einem Datensatz aus Simulationsergebnissen

erkennen.

Die vorgestellten Detektionsmethoden stellen neuartige, praktikable Ansätze

für die Zustandsüberwachung von Leistungshalbleitern dar, die mit geringem Re-

chenaufwand während des Betriebes angewendet werden können.

von Nils Jahn


