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ABSTRACT

Power semiconductor modules are critical components in
power electronics applications such as motor drives,
renewable energy systems, and electric vehicles. The reliable
operation of these modules is crucial for the safe and efficient
operation of these systems. One of the most common failure
mechanisms in Power semiconductor modules is due to
overheating or repeated heating and cooling, which can result
in thermal stress and component degradation. Therefore,
monitoring the temperature of Power semiconductor modules
is essential for ensuring their health and preventing
catastrophic failures.

By monitoring temperature-sensitive electrical parameters
(TSEPs), such as the on-state voltage drop, it is possible to
detect changes in the temperature of the Power
semiconductor modules in real-time. The change in voltage
drop can be used as an early warning sign of a potential
failure or degradation of the Power semiconductor modules.
The advantage of this method is that it provides a non-
invasive and real-time monitoring solution that can detect
changes in the Power semiconductor modules’ temperature
distribution.

1. INTRODUCTION

The demand for efficient and reliable power semiconductor
devices has been steadily increasing. These devices, such as
insulated gate bipolar transistors (IGBTs) and metal oxide
semiconductor field effect transistor (MOSFETS), play a
crucial role in various applications ranging from renewable
energy systems to electric vehicles. However, the continuous
operation and high-power levels of these devices can subject
them to significant stress, leading to potential failures and
system downtime.
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To ensure the reliable operation of power semiconductor
devices, health monitoring has emerged as a vital technique.
Health monitoring involves the continuous monitoring and
assessment of the operating condition and performance of
power semiconductor devices. It allows for early detection of
potential faults, degradation, or anomalies, enabling timely
maintenance and preventing catastrophic failures.

The objective of health monitoring is to provide real-time
information about the health status of power semiconductor
devices, allowing system operators to make informed
decisions regarding maintenance, replacement, and
optimization strategies. By proactively addressing issues,
health monitoring can significantly enhance the reliability,
availability, and performance of power electronic systems.

Sensing is crucial for effective health monitoring of power
semiconductor devices, as it allows for proactive
maintenance, early fault detection, and optimal system
performance. Choosing appropriate sensing methods, such as
electrical, thermal, optical, or acoustic sensing, is essential to
accurately capture device behavior and detect anomalies.
Minimizing the cost of sensing is equally important, as it
maximizes the return on investment and ensures cost-
effectiveness. ldeally, avoiding the need for additional
sensors and leveraging existing monitoring infrastructure can
help minimize costs while still providing accurate and
reliable health monitoring.

2. TEMPERATURE SENSITIVE ELECTRICAL PARAMETER

Semiconductors composed of PN junctions exhibit variations
in their electrical characteristics in response to temperature
changes, which are referred to as temperature-sensitive
electrical parameters (TSEPsS). These parameters play a
crucial role in understanding the temperature dependence of
PN junction semiconductors and analyzing their electrical
behavior and performance.

One such TSEP is the forward voltage (Vs) drop across a
power semiconductor device. As the device temperature
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increases, the Vstends to decrease due to increased carrier
mobility. Monitoring the Vi can help detect excessive
temperature rise, indicating potential thermal stress or
cooling issues that may affect device performance and
reliability.

Another crucial TSEP is the gate threshold voltage (Vi) of
power semiconductor devices. Vi, can shift with temperature
variations, affecting the device's turn-on and turn-off
characteristics. Monitoring Vi allows for tracking changes in
the device's electrical behavior, ensuring proper operation
and identifying potential deviations caused by temperature-
related effects.

Furthermore, the on-state resistance (Rdson) Of power
semiconductor devices is another electrical parameter that is
influenced by temperature. Rgseon) tends to increase as the
device temperature rises, leading to increased power
dissipation and potential performance degradation. By
monitoring Rasen), it iS possible to detect abnormal
temperature-related variations and take appropriate measures
to mitigate the resulting effects.

TSEPs can be measured using various techniques, such as
direct voltage or current sensing, utilizing specialized sensing
circuits, or through embedded temperature sensors integrated
into the devices. These measurements can be further
combined with temperature data obtained from thermal
sensing methods to enhance the accuracy of temperature
monitoring and ensure comprehensive health monitoring of
power semiconductor devices.

TSEPs provide valuable information about the thermal
behavior and operating conditions of power semiconductor
devices. Monitoring parameters such as Vs, Vi, and Rason)
enables the detection of temperature-related issues, allowing
for timely intervention and preventive measures. By
incorporating TSEP monitoring into health monitoring
systems, industries can enhance the reliability, efficiency,
and lifespan of power semiconductor devices, minimizing the
risk of failures and optimizing overall system performance.

3. THE STRUCTURE FUNCTION OF POWER
SEMICONDUCTOR MODULE

Thermal analysis is a critical aspect of designing and
evaluating power semiconductor modules or packages. The
structure function of power semiconductor modules plays a
significant role in determining their thermal performance and
efficiency. By understanding and optimizing the structure
function, engineers can effectively manage heat dissipation,
prevent thermal-induced failures, and enhance the reliability
of power semiconductor modules.

Power modules are composed of multiple layers, including
chips, soldering materials, and heat sinks, among others. The
thermal performance of power modules is influenced by the
condition of each layer, leading to changes in the structure
function and heat dissipation capabilities.

Changes in the health condition of each layer can impact the
overall thermal performance of the power module. For
example, variations in chip properties, such as increased
power consumption or decreased thermal conductivity, can
result in higher temperatures and reduced heat dissipation.
Similarly, issues with soldering, such as poor contact or voids,
can introduce additional thermal resistance and hinder heat
transfer. Delamination is a critical failure mode of power
semiconductor module. Delamination can occur at various
interfaces, compromising the module's thermal conductivity
and structural integrity. Figure 1 presents the change of the
structure function of a power semiconductor module as it
degrades due to delamination.

Te6

—Initial Condition

—After 200-cycle Power Cyding Test
—After 400-cycles Power Cyding Test
10000 [1__after 600-cycles Power Cycling Test
—After 800-cycles Power Cyding Test
—After 1000-cycles Power Cyding Test

100

Degradation -

—

001

Thermal Capacitance, Cs
T

! ! 1 1 | !
0 2 4 6 8 10 12 14
Thermal Resistance, Ry

Figure 1. The structure function of power semiconductor
module as degrades by gradual delamination.

4. TSEP TO OBTAIN THE STRUCTURE FUNCTION OF
POWER SEMICONDUCTOR MODULE

The structure function of a power semiconductor module can
be obtained by utilizing temperature sensitive electrical
parameters, particularly the forward voltage. The forward
voltage is a crucial electrical parameter that exhibits a
temperature-dependent behavior in semiconductor devices,
such as diodes and transistors. By monitoring the forward
voltage at different temperatures, engineers can extract
valuable information about the module's structure and its
thermal characteristics.

By utilizing the temperature sensitive electrical parameter of
forward voltage, engineers can gain valuable insights into the
structure function of power semiconductor modules. The
temperature-voltage characteristics provide information
about the module's thermal behavior, including heat
dissipation efficiency and potential hotspots. This knowledge
can guide the optimization of the module's design, material
selection, and cooling mechanisms, leading to improved
thermal management and enhanced overall performance and
reliability of the power semiconductor module.
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5. CONCLUSION

In conclusion, the temperature monitoring of power
semiconductor modules is essential for ensuring their health
and preventing catastrophic failures. Cracks, voids, and
delamination are common failure modes that can lead to
component degradation. By monitoring temperature-
sensitive electrical parameters (TSEPSs), such as the forward
voltage drop, in real-time, changes in the module's structure
function can be detected early on. This non-invasive and real-
time monitoring approach provides valuable insights into the
temperature distribution within the modules. With this
information, proactive measures can be taken to prevent
overheating, optimize thermal management, and enhance the

reliability and performance of power semiconductor modules.

By employing temperature monitoring techniques, engineers
can ensure the safe and efficient operation of power
electronics systems in various applications.
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