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Abstract: Inverter technology has become a vital component in modern power electronics, providing efficient energy conversion for a 

wide range of industrial applications. This paper presents a detailed investigation into the design and control of a three-phase inverter, 

focusing on hardware implementation. Utilizing components such as the Skyper 32 Pro driver board, IGBT switches, and the F2837x 

MCU PWM generator, the inverter successfully converts DC power to AC, producing a balanced three-phase output with minimal 

harmonic distortion. Additionally, the integration of advanced materials and intelligent control algorithms aims to enhance the 

performance and efficiency of the inverter. The paper provides insights into future innovations and possible areas of optimization within 

the inverter technology domain. 
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1. Introduction 
 

The increasing demand for energy-efficient systems has 

driven significant research into improving the performance of 

inverters. Traditionally, inverters utilized basic square wave 

outputs, which, while simple, introduced considerable 

harmonics into the system [1]. The advent of pulse-width 

modulation (PWM) techniques has revolutionized inverter 

technology by enabling the generation of sinusoidal AC 

waveforms with significantly reduced harmonic distortion 

[2]. Various control strategies have been developed over the 

years, including sinusoidal PWM (SPWM) and space vector 

PWM (SVPWM). SVPWM is one of the most commonly 

used methods due to its simplicity and effectiveness in 

reducing harmonics. SPWM, on the other hand, provides a 

more optimized switching strategy, allowing for better 

utilization of the DC bus voltage and improving the efficiency 

of the inverter [3]. Recent studies have highlighted the 

importance of integrating modern components, such as 

insulated-gate bipolar transistors (IGBTs) and advanced 

driver boards like the Skyper 32 Pro, into inverter systems to 

enhance switching speed and overall system performance [4]. 

 

In addition, the exploration of hybrid multilevel inverters has 

emerged as a viable solution to further reduce harmonics and 

improve power quality, especially for high-power 

applications [5]. The combination of traditional IGBT-based 

inverters with newer materials like silicon carbide (SiC) in 

hybrid configurations has shown the potential to achieve 

higher efficiency and thermal management such as in Electric 

Vehicles [6]. This study integrates state-of-the-art 

components, including the Skyper 32 Pro driver and IGBT 

switches, into a practical experimental setup to examine their 

efficacy in improving inverter performance. The literature 

review highlights the ongoing evolution in inverter 

technology, stressing the importance of efficient design and 

control methodologies for optimized power conversion. 

 

 

2. Literature Survey 
 

The power sector domain has been emerging as an exciting 

market with tremendous scope for development. The 

semiconductor industry has also been experiencing a boom 

and is expected to grow exponentially. Developing and 

manufacturing new components creates better machines with 

increased efficiency and power. It is essential to aim towards 

efficiency as this would lead to increased output and directly 

reduce electricity consumption. Energy-generating methods 

should be made less intensive and green energy should be 

encouraged in all sectors [7]. Renewable energy-generating 

methods employ natural sources in most cases that rely on 

harnessing potential energy in the environment. Wind and 

solar energy are among the most popularly used among all the 

non-conventional sources [8]. These sources rely on 

accumulating direct current (DC) with the help of 

components. This energy needs to be converted to alternating 

current (AC) with the help of reliable and efficient inverters 

that can handle large levels of harmonics. Thus, for promoting 

variable yet sustainable energy sources a development is 

required within the design of inverters to make them more 

efficient.  

 

Advancements in PWM and adaptive filtering techniques can 

further optimize the performance of inverters by minimizing 

loss and improving power quality. Wide bandgap 

semiconductors are innovative semiconductor materials with 

potential for improved thermal and electrical efficiency of 

inverters. Smart grid technologies require inverters to be 

integrated in a manner that they could converse with other 

grid elements without causing any disturbance, thereby 

enabling high degrees of renewable energy penetration 

without jeopardizing the stability of the grid. This advance 

would not only promote transition to a more sustainable 

energy scenario but also lead towards future innovations in 

energy management systems capable of dynamic changes 

according to the needs for energy. 
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3. Methodology 
 

The methodology employed in this study focuses on both 

theoretical design and practical implementation of a three-

phase inverter. The design process began with selecting 

appropriate components, including the Skyper 32 Pro driver 

board, IGBT switches, and the F2837x MCU. The circuit 

topology was established, followed by detailed simulations to 

predict performance metrics such as voltage, current, and 

power efficiency. 

 

The hardware implementation involved assembling the 

inverter components on a designated board, ensuring proper 

connections and configurations as per electrical standards. 

Rigorous testing was conducted to validate the inverter's 

performance, measuring the output waveforms and analyzing 

harmonic distortion using an oscilloscope. Additionally, 

various load conditions were tested to assess the inverter's 

efficiency and stability across its operating range. 

 

4. Components and Description 
 

This section provides a detailed description of the key 

components used in the three-phase inverter setup. Each 

component plays a crucial role in ensuring efficient power 

conversion and effective control of the inverter system. 

 

4.1 Driver Board: SKYPER 32 PRO 

 

The Skyper 32 Pro driver board, developed by Semikron 

Danfoss, serves as a critical element in the experimental setup 

[9]. This driver, as shown in Fig.1, is specifically designed for 

IGBT modules in bridge circuits, capable of handling a DC 

bus voltage of up to 1200V. It features two output channels 

and an integrated potential-free power supply, enhancing 

system reliability and efficiency. Additional safety features 

include under-voltage protection, driver interlock, dynamic 

short-circuit protection, and halt status with failure 

management, which collectively ensures safe and effective 

operation. 

 

 
Figure 1: SKYPER 32 PRO  

 

4.2 IGBT Switches 

 

Insulated Gate Bipolar Transistors (IGBTs) are 

semiconductor devices that merge the attributes of bipolar 

junction transistors (BJTs) and metal-oxide-semiconductor 

field-effect transistors (MOSFETs). IGBTs are particularly 

suited for high-voltage and high-current applications, making 

them ideal for power control in industrial settings [10]. Their 

design allows them to handle substantial power levels while 

providing a balance between the voltage control of MOSFETs 

and the current handling capability of BJTs. This versatility 

makes IGBTs a preferred choice in high-power switching 

applications [11]. 

 

4.3 PWM Generator: F2837x MCU (TI Launchpad) 

 

The F2837x microcontroller, part of Texas Instruments' 

C2000™ family, is engineered for real-time control 

applications. With a dual-core architecture comprising a C28x 

core and an ARM Cortex-M4 core, it allows for efficient 

execution of real-time control tasks while managing 

communications and other system functionalities, as shown 

in Fig. 2 [12]. The F2837x series includes a range of 

integrated peripherals, such as PWM generators, ADCs, 

communication interfaces (CAN, UART, SPI, I2C), timers, 

and more, making it ideal for this experimental setup. 

 

 
Figure 2: F2837x MCU 

 

4.4. Snubber Circuits 

 

A snubber circuit is an electronic circuit used to suppress 

voltage spikes or transients that occur in electronic systems, 

particularly in circuits involving inductive or capacitive loads. 

The primary purpose of a snubber circuit is to protect 

components from voltage spikes that can lead to electrical 

stress, interference, or even damage [13]. An RC snubber 

circuit, depicted in Fig. 3, consists of a resistor (R) and a 

capacitor (C) connected in parallel. This circuit is placed 

across the load, usually in parallel with a switch or diode. The 

resistor and capacitor work together to dampen voltage spikes 

[14]. 

 

 
Figure 3: Snubber Module 
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4.5 Heat Sinks 

 

A heat sink is a passive cooling device used to dissipate or 

transfer heat away from electronic components or devices that 

generate excess heat during operation. They provide a larger 

surface area for heat to transfer from the component [15]. 

Most heat sinks have a finned structure to increase the surface 

area exposed to the surrounding air, enhancing heat 

dissipation through convection. 

 

4.6 Isolated DC Power Supply 

 

An insulated DC power supply provides direct current (DC) 

output voltage while maintaining galvanic isolation between 

the input and output. It is designed to provide a stable and 

regulated output voltage regardless of fluctuations in the input 

voltage or load conditions [16]. 

 

4.7 Rheostat (Variable Resistance) 

 

A rheostat is an adjustable resistor that is used to control the 

flow of electric current in a circuit by varying its resistance. 

The primary function of a rheostat is to vary the resistance in 

a circuit. By adjusting the rheostat's control knob or slider, 

you can change the amount of current passing through the 

circuit. A typical rheostat consists of a resistive wire wound 

around an insulating core. The slider or wiper, which makes 

physical contact with the resistive wire, can be moved along 

the wire to change the effective resistance [17]. 

 

5.  Setup Working 
 

A three-phase PWM inverter is constructed by assembling 

various components as outlined in the following steps. These 

components are crucial to the functionality of the inverter, 

ensuring it can effectively convert DC into a regulated AC 

output. 

 

5.1 Heat Sinks Installation 

 

The setup begins with the installation of heat sinks, as shown 

in Fig. 4, which are critical for managing the thermal 

performance of the IGBTs. Four polished and cleaned heat 

sinks are fixed onto the board using appropriate nuts and bolts 

to ensure a secure fit. The smooth surface of the heat sinks 

allows for optimal thermal conductivity, enabling efficient 

heat dissipation from the IGBTs during operation. This is a 

crucial step, as inadequate thermal management can lead to 

overheating and potential damage to the switching devices 

[18]. 

 

 
Figure 4: Heat sinks fixed on board  

 

5.2 Driver Boards Installation 

 

The driver circuits are mounted onto the board, as shown in 

Fig. 5, which is subsequently fixed to the heat sinks. These 

driver boards, which are responsible for controlling the 

switching operation of the IGBTs, are strategically positioned 

to maintain stability throughout the entire system [19]. Proper 

mounting ensures that the driver boards remain securely in 

place, reducing vibrations and potential mechanical stresses 

on the electronic components during operation. 

 
Figure 5: Driver Circuits fixed on board  
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5.3 Wiring and Cable Connections 

 

Wires are connected to the output terminals of each driver 

board, as illustrated in Fig. 6, which will later be linked to the 

IGBTs. These wires serve the critical function of transmitting 

regulated pulses and power supplies from the driver boards to 

the IGBT modules. In addition, flat ribbon cables (FRC) are 

connected to the input side of the driver boards. These FRC 

cables facilitate communication between the driver boards 

and the control system, ensuring that precise control signals 

are relayed for the modulation of the IGBTs. 

 

 
Figure 6: Cables and wires connected to driver boards 

 

5.4 PWM Input through MCU 

 

The Texas Instruments F2837x microcontroller (MCU) is 

employed to generate the PWM signals, as shown in Fig. 7,  

is required to drive the inverter. This MCU is connected to the 

driver boards via the FRC cables, providing the input signals 

that modulate the switching of the IGBTs. The accuracy and 

responsiveness of the MCU’s PWM generation are vital to the 

overall performance of the inverter, as they directly influence 

the quality of the AC output and the efficiency of the system. 

 

 
Figure 7: PWM input 

 

5.5 IGBT Installation and Snubber Circuit Integration 

 

The IGBT modules, which serve as the primary switching 

devices in the inverter, are mounted onto the heat sinks using 

nuts and bolts to ensure a stable and secure connection. A 

snubber circuit is installed between the collector and emitter 

terminals of each IGBT module, the snubber circuit is 

illustrated in Fig. 8. This snubber circuit plays an essential 

role in mitigating voltage spikes and reducing 

electromagnetic interference, which can occur due to the 

rapid switching of the IGBTs. The integration of the snubber 

circuit ensures the longevity and reliability of the IGBT 

modules by protecting them from potentially damaging 

transients [20]. 

 

 
Figure 8: Snubber Circuit Fixed on IGBT 

 

5.6 Final Connections and DC Supply 

 

Once all components are in place, the remaining connections 

are completed, and an isolated DC supply is provided to both 

the driver boards and the IGBT modules. The isolated power 

supply helps prevent interference and ensures stable operation 

of the inverter. After verifying all connections, the setup is 

ready for testing. The output waveform of the inverter is 

observed using an oscilloscope connected across the load, 

allowing for real-time monitoring of the system's 

performance and ensuring the desired AC output is achieved. 
Fig. 9 shows the final setup. 

 

 
Figure 9: Final Setup 

 

6. Results and Discussion 
 

In the experimental phase, the three-phase inverter was tested 

with a motor, successfully demonstrating its operational 

capabilities. The inverter produced a balanced three-phase 

output, crucial for driving the motor efficiently. Output 

waveforms examined using an oscilloscope confirmed 

adherence to the desired sinusoidal shape, validating the 

effectiveness of the design and control strategies employed. 

The inverter's performance metrics indicated minimal 

harmonic distortion, within acceptable limits for industrial 
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standards. This result underscores the efficacy of the PWM 

techniques utilized in the design, contributing to the inverter's 

overall efficiency. The successful operation of the inverter 

with the motor reflects its readiness for practical application, 

indicating it can meet the energy conversion demands in real-

world scenarios effectively. 

 

The results demonstrated that the three-phase inverter 

operates effectively when connected to a motor, showcasing 

its ability to handle real-world applications. The inverter 

maintained stable output waveforms under varying load 

conditions, confirming its capability to produce a high-quality 

sinusoidal output. This outcome highlights the advantages of 

employing modern technologies, such as pulse-width 

modulation (PWM) techniques, in improving inverter 

performance [21]. 

 

The successful integration of the Skyper 32 Pro driver with 

IGBT modules facilitated efficient switching operations, 

essential for minimizing losses and enhancing overall system 

efficiency [22]. The presence of protective components, such 

as snubber circuits, safeguarded the inverter against voltage 

spikes, ensuring long-term reliability [23]. 

 

7. Conclusion 
 

This paper presented a comprehensive investigation into the 

design and control of a three-phase inverter, emphasizing its 

hardware implementation for efficient energy conversion. 

The inverter was constructed using advanced components, 

including the Skyper 32 Pro driver board, IGBT switches, and 

the F2837x MCU PWM generator. The focus was on 

producing a balanced three-phase AC output while 

minimizing harmonic distortion, crucial for ensuring the 

reliability and performance of power electronic systems. The 

findings indicate that such integration of modern technologies 

not only enhances efficiency but also expands the potential 

applications of three-phase inverters in renewable energy 

systems and electric vehicles. 

 

8. Future Scope 
 

Future work on the three-phase inverter design could explore 

the implementation of advanced control strategies, such as 

adaptive control and artificial intelligence algorithms, to 

optimize performance and responsiveness under varying load 

conditions. Additionally, enhancing the system’s reliability 

through improved thermal management solutions and 

protective features will be essential. Further research could 

also investigate the integration of renewable energy sources 

and energy storage systems, promoting greater sustainability 

and grid compatibility in power electronics.  
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