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1 Abstract

This document provides comprehensive guidance for customers on the proper use and
integration of a power module in industrial applications. It outlines key considerations for
mechanical mounting, thermal management and electrical interfacing requirements to ensure
reliable and efficient operation under demanding conditions. The document details
recommended verification tests that should be conducted on first samples during the initial
qualification phase. These include electrical characterization, thermal performance validation,
insulation and isolation testing and functional operation checks under representative load and
switching conditions. By following these recommendations, customers can minimize integration
risks, ensure compatibility with their system and establish a robust foundation for long-term,

stable performance of the power module.

2 Introduction

In modern industrial applications, power modules play a critical role in delivering reliable and
efficient energy conversion under often harsh electrical, thermal, and mechanical conditions.
The increasing complexity and performance requirements of these systems make the proper
integration of power modules more important than ever. A failure to correctly qualify or verify
a power module in its intended environment can lead to degraded performance, reduced
lifetime, or in worst-case scenarios, catastrophic failure of both the module and the

surrounding system.

To mitigate such risks, it is essential that customers undertake a structured qualification and
verification process when first implementing a power module into their design. This process not
only helps confirm that the module operates within specified limits under real-world conditions
but also uncovers any unexpected interactions with the surrounding components or system-
level constraints. Early identification of issues allows for design adjustments and avoids costly

failures during later stages of development or field operation.

This document serves as a culmination of our current best practices and knowledge related to
power module usage and initial verification. It combines engineering insights gained from

extensive application support, internal testing, and customer feedback across a wide range of
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industrial environments. While we aim to provide comprehensive guidance, it is important to
recognize that every application is unique. Variations in system architecture, cooling
strategies, switching behaviour and safety requirements can significantly impact how the
module behaves once integrated.

Therefore, while this document provides a solid foundation for correct usage and testing, it is
ultimately the responsibility of the customer to assess the specific demands of their application
and conduct any additional evaluations necessary to ensure long-term reliability and safety.
We encourage all users to treat this guidance as a starting point and to apply it with
engineering judgment, due diligence, and a thorough understanding of their end-use

requirements.

3 Verification steps recommended by Vincotech

The below image outlines the recommended sequence of verification steps: starting with
simulation, followed by electrical verification, assembly verification and finally thermal and
lifetime verification. This structured flow ensures a comprehensive evaluation of the power
module under various conditions and constraints. Each of these steps will be explored in detail

in the following sub-chapters to support a reliable and efficient integration into your system.

; } . ] . . . Thermal & Lifetime
Simulation Electrical verification Assembly verification
Inputs Outputs Inputs Outputs Inputs Outputs Outputs

- E

Actions Actions Actions

Figure 1: Overall process flow for verification steps recommended by Vincotech
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3.1 First step: simulation

Starting with basic calculations and simulation is a critical first step in the design-in process. It
allows engineers to predict the behaviour of the power module under different operating
conditions without the need for physical prototypes, saving both time and cost. Early
simulations help identify potential issues such as thermal stress, electrical overstress or
inefficiencies in the design. By validating key parameters and performance expectations
upfront, simulation lays a solid foundation for the subsequent verification steps and helps
streamline the overall development process. Figure 2 summarizes the most important sub-

steps of this phase.

Simulation

+ Topology

+ Power conversion direction (unidirectional or bidirectional)
+ DC link voltage

» Input and output voltage, current and power

+ Switching frequency range (speed range)

+ Heatsink temperature and target Tvj,max

Inputs

+ Select product based on topology, voltage, current and component technology
Identify worst case parameter set-up: consider tolerance of input voltage, highest output power, lowest output frequency
and operation modes imposed by relevant standards for the target application (e.g. LVRT, HVRT)

+ Run simulations for the worst case scenarios and evaluate results for chip temperature, efficiency and power dissipation

+ Check that simulated Tvj,max does not exceed target Tvj,max and Vincotech datasheet limit

+ Do iterations for gate resistance and switching frequency to achieve target efficiency and balance between static and
Actions dynamic losses
Define heatsink cooling method based on power dissipation
BEWARE: Rth in VINcoSIM database is based on TIM pre-applied by Vincotech
BEWARE: VINcoSIM calculates only with steady state conditions, consider safety margin for short time overloads in real
application
+ BEWARE: Currently VINcoSIM can be used only for approximation. For more detailed simulation use PLECS software. PLECS

thermal models can be downloaded from vincotech.com

+ Efficiency

+ Power dissipation

+ Max junction temperature per component
+ Gate resistance

+ Switching frequency

+ Heatsink cooling method

Outputs

Figure 2: Start with simulation

Vincotech provides supporting tools for this phase. For further information, please check the

References section.

3.2 Second step: electrical verification

Electrical verification is essential to confirm that the power module performs as expected under
real operating conditions. This step involves measuring key parameters such as switching
behaviour, losses, and voltage/current waveforms to ensure they align with simulation results
and datasheet specifications. It also helps detect issues like parasitic oscillations, improper
gate drive settings or unexpected voltage spikes. By thoroughly testing the electrical
characteristics, engineers can validate the design’s reliability and performance before moving

on to mechanical and thermal assessments.
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Electrical verification

+ Power modules

Customer application setup

VIN datasheet

+ Recommended or simulated gate resistance

. .

Inputs

+ Do double pulse test with recommended gate resistance (optional) or ask for waveforms measured by Vincotech

Design PCB to the module and select gate driver based on IGBT or MOSFET gate charge and switching speed.

CMTI of the selected gate driver should be higher than measured maximum dV/dt of the switches

Isolation of the gate driver should be designed according to relevant standards and the required pollution degree

Check switching waveforms for all components in the application. Check uniformity, symmetry of the phases, complimentary
gate signals (cross-conduction) also at the min. and max. operating temperature for the worst case operation mode
Ensure that the used turn-on gate voltage level equals to datasheet recommendation

Check ringing behaviour and voltage overshoot

Check dV/dt and dI/dt for applications with specific requirements (e.g. <5kV/us for motor drive)

Verify if dynamic losses are aligned with datasheet values

Finetune gate resistance and dead time of the complementary switches based on the findings

Check that following parameters are within acceptable limits: surge current, EMI noise, THD, power factor, audible noise

. s .

.

Actions

D

+ Optimized gate resistance

+ Static and dynamic losses

« dv/dt

Switching waveforms

Surge current, EMI, THD, Power factor, Audible noise

Outputs

Figure 3: Continue with electrical verification

3.3 Second step: electrical verification

Assembly verification focuses on ensuring that the power module is correctly and reliably
integrated into the application’s mechanical and electrical system. This step includes checking
mounting methods, soldering quality, connector alignment, and proper application of thermal
interface materials. Verifying the assembly helps prevent common issues such as poor thermal
contact, mechanical stress on the module or electrical connection failures. A thorough
assembly verification ensures long-term reliability and performance by confirming that the

module is physically and electrically well-implemented in the final system.
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Assembly verification

* Power modules
+ Customer application setup

Inputs + Handling instructions from VIN

+ Ensure that the PCB, the module backside and the heatsink are parallel to each other. If multiple modules are used in the
same PCB, measure also the co-planarity of module backsides
+ For press-fit pins ensure that requirements for PCB thickness and press-in depth are met
For solder pins check the quality of the PCB-pin saolder joint with the applied soldering method
Ensure with spacer design that the PCB pushes down the power module to the heatsink not pulls it up.
Ensure that screws are pushing down the housing of the module with the needed force (screw torque might be used up by
. other factors, e.g. by a bad thread or a short bore)
Actions = Ensure that no significant mechanical stress is on the pins (electrical contacts) after assembly
» Ensure that no contamination gets into pre-applied TIM or under the module before or during assembly and that the TIM
pattern does not get damaged
For multiple modules, verify that max difference in cooling efficiency due to the modules position on the heatsink is within
acceptable limits
Ensure proper burn-in of pre-applied TIM before first full load and check TIM spreading behaviour
Do electrical isolation test to check for substrate crack
Consider doing application specific tests for vibration, mechanical shock, TIM pump-out and TIM dry-out

.

. .

.

* TIM spreading behaviour is adequate
« Electrical isolation is ensured

Outputs » Co-planarity is ensured in case of multiple modules in the same PCB

Figure 4: Check the assembly before moving forward

3.4 Fourth step: thermal and lifetime verification

Thermal verification is essential for assessing the long-term reliability and durability of the
power module under real-world operating conditions. This step includes measuring
temperature distribution, evaluating cooling efficiency, and ensuring that the module remains
within its thermal limits across all load scenarios. Thorough validation of thermal performance

ensures safe and efficient operation throughout the module’s intended service life.

For lifetime verification, including accelerated aging tests and thermal cycling to evaluate the
effects of temperature fluctuations and mechanical stress, Vincotech provides comprehensive
test reports. These tests help identify potential failure modes such as solder fatigue,
delamination, and material degradation. However, customers are strongly encouraged to
evaluate the final application environment. In harsh conditions - such as exposure to corrosive
gases, humidity condensation, or intense vibration - additional risk assessment and tailored

verification tests may be necessary to ensure reliable long-term performance.
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Thermal & Lifetime
verification

Power module with thermocouple or with open lid and black-painted layout
Customer application setup

Customer mission profile

Power cycling lifetime curve or calculation from VIN

Module reliability report from VIN

Inputs

s s s s

Order special sample modules prepared for temp. measurement by VIN

Check difference between heatsink temperature and NTC temperature readout at ambient and at max. heatsink temp.

Identify worst case (highest temp.) operating conditions (AC-to-DC, DC-to-AC, motoring, braking or generating mode)

Identify worst case mechanical assembly conditions. If there are multiple modules in the same PCB then consider differences

in TIM spreading behaviour or cooling efficiency

+ Consider temperature rise due to thermal coupling between functional chip positions, as well. (BEWARE: Coupled Rth is not
given in the datasheet!)

Actions « Consider thermal swing due to mains or output frequency

Consider that in case of paralleled chips in one functional position, thermal distribution might not be uniform

Verify by measurement that max. junction temp. is under datasheet limit for all functional chip positions even for the worst-

case scenario

+ Check if the measured chip temperatures and temperature swings are low enough to ensure the expected power cycling

lifetime

For other lifetime relevant tests (H3TRB, HTRB, etc.), check the module reliability report from VIN and conclude if further

investigation is needed for the target application

. . s e e

.

.

Temperature of all functional chip positions at worst case loading conditions
Qutputs + Power cycling lifetime prediction

Figure 5: Ensure good thermal contact for longer lifetime

3.5 About iterations

Iteration is a vital part of the development and verification process. While the described 4-step
structure provides a logical flow, in practice, it's rarely a one-pass journey. Insights gained
during electrical, assembly, or thermal verification often reveal areas that need adjustment -
whether it’s refining simulation models, improving layout or optimizing cooling strategies. Each
iteration helps to fine-tune the design, address unexpected issues and close gaps between

theoretical performance and real-world behaviour.

This iterative approach not only improves the robustness and reliability of the power module
integration but also builds confidence in the final product. By continuously validating and
refining each aspect of the system, the development team ensures that the module will meet
performance, safety and lifetime expectations. Ultimately, this process leads to a smoother
and more successful product release, reducing the risk of field failures and minimizing costly

late-stage changes.

4 Conclusion

Successfully integrating a power module into an application requires a structured and thorough
verification process. By following the four-step approach - starting with simulation, then
performing electrical, assembly, and thermal & lifetime verification - engineers can ensure that

the module operates reliably, efficiently, and safely under real-world conditions. Each step
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serves as a critical checkpoint to identify and resolve potential issues early, reducing

development time and long-term costs.

Equally important is recognizing that this process is inherently iterative. Re-evaluating and
refining the design based on test results leads to a more robust solution and minimizes the risk
of failure in the field. Combined with the technical support and test data offered by Vincotech,
this methodology lays a solid foundation for successful product development and deployment.
By investing in careful verification and continuous improvement, engineers can confidently

move from concept to a reliable, high-performance final product.

5 References

Further details on specific topics covered in this document - such as simulation methods,
electrical testing procedures, thermal management techniques, and reliability evaluation - can
be found in the referenced literature listed in the table below. These sources provide in-depth
technical information and industry best practices that complement and expand upon the

content discussed in this paper.

No. Phase Description

1 Simulation Simulation software VINcoSIM and PLECS

2 Simulation VINCcoSIM - The next generation power module
simulation environment from Vincotech

3 Simulation A step-by-step tutorial - Mastering VINcoSIM PLECS
model generation

4 Electrical Power module datasheet explanation

5 Electrical Current carrying capability of solder and press-fit pins

6 Electrical Power modules in low power drive applications

7 Electrical The challenges of using SiC MOSFET-based power
modules for solar inverters

8 Assembly Handling instructions per housing type

9 Assembly Advantages of pre-applied TIM for power modules
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10 Assembly Handling of power modules with phase-change material
11 Assembly Thickness and pattern of thermal interface material per
housing type
12 Thermal and lifetime | Chip temperature sensing methods for power modules
13 Thermal and lifetime | Thermal measurement with an integrated NTC
thermistor
14 Thermal and lifetime | Thermal resistance, thermal spreading and temperature
measurement
15 Thermal and lifetime | Influence of thermal cross coupling at power modules
16 Thermal and lifetime | Effects of Oxidation on the Thermal Performance of DCB

Power Modules
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