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ABSTRACT 

The rapid evolution of power semiconductor technology has significantly 

influenced the performance of modern electric drive systems. Wide bandgap 

(WBG) semiconductors, particularly silicon carbide (SiC) and gallium nitride 

(GaN), have emerged as strong alternatives to conventional silicon devices 

due to their superior electrical and thermal properties. This paper investigates 

the impact of SiC and GaN devices on the efficiency, power density, thermal 

performance, and reliability of electric drive systems. Comparative analysis 

with silicon-based drives is presented using experimental trends reported in 

literature. Key challenges such as electromagnetic interference, gate drive 

complexity, and long-term reliability are also discussed. The study concludes 

that WBG-based drives offer substantial efficiency improvements and 

enhanced reliability when appropriate design practices are adopted. 
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INTRODUCTION 

Electric drives form the backbone of industrial automation, electric vehicles, renewable 

energy systems, and household appliances. The efficiency and reliability of these systems are 

strongly dependent on the performance of power electronic converters. Conventional silicon 

(Si) devices are approaching their physical performance limits in high-frequency, high-

temperature, and high-voltage applications. 

 

Wide bandgap semiconductors such as SiC and GaN offer superior material properties 

including higher breakdown electric field, wider bandgap energy, and higher thermal 

conductivity. These advantages enable higher switching frequencies, reduced losses, and 

operation at elevated temperatures, leading to compact and efficient drive systems. 

This paper analyzes the transformative impact of SiC and GaN devices on electric drive 

efficiency and reliability, focusing on inverter-fed motor drives. 

 

MATERIAL PROPERTIES OF WIDE BANDGAP SEMICONDUCTORS 

1. Fundamental Characteristics 

The intrinsic material properties of SiC and GaN directly influence device performance. 

 

Table 1: Comparison of Semiconductor Material Properties 

Property 
Silicon 

(Si) 

Silicon Carbide 

(SiC) 

Gallium Nitride 

(GaN) 

Bandgap Energy (eV) 1.12 3.26 3.4 

Breakdown Field (MV/cm) 0.3 3.0 3.3 

Thermal Conductivity 

(W/cm·K) 
1.5 4.9 1.3 

Max Junction Temp (°C) 150 200–250 200 
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These properties allow WBG devices to operate at higher voltages, temperatures, and 

switching speeds compared to silicon devices. 

 

IMPACT ON DRIVE EFFICIENCY 

1. Conduction and Switching Loss Reduction 

SiC MOSFETs exhibit lower on-state resistance at high voltages, while GaN HEMTs 

demonstrate extremely fast switching with minimal reverse recovery losses. This results in a 

significant reduction in total inverter losses. 

 

Figure 1: Loss Distribution in Si vs SiC-Based Drive Inverter 
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Studies show efficiency improvements of 1.5–3% in motor drives when replacing silicon 

IGBTs with SiC MOSFETs. 

 

HIGH-FREQUENCY OPERATION AND POWER DENSITY 

WBG devices support switching frequencies above 50 kHz, allowing: 

 Smaller passive components 

 Reduced inverter volume 

 Improved dynamic response 

 

 

 



76 Page 73-78 © MANTECH PUBLICATIONS 2016. All Rights Reserved 

 
 

 

 
 
 
 

Recent Trends in Electrical Machines and Drives 

Volume 1, Issue 3, September-December 2016  

 

 
Figure 2: Effect of Switching Frequency on Inverter Size 
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Compact drive systems are particularly beneficial in electric vehicles and aerospace 

applications. 

 

5. Thermal Performance and Cooling Requirements 

Higher permissible junction temperatures reduce cooling system complexity. SiC-based 

drives can operate reliably with smaller heat sinks and lower coolant flow rates. 

 

Table 2: Thermal Performance Comparison 

Parameter Si Drive SiC Drive 

Max Junction Temp (°C) 150 225 

Heat Sink Size Large Medium 

Cooling Power High Reduced 

Improved thermal margins enhance system reliability and lifetime. 

 

RELIABILITY CONSIDERATIONS 

1. Failure Mechanisms 

While WBG devices offer higher robustness, they introduce new reliability challenges: 

 Gate oxide degradation in SiC MOSFETs 

 Dynamic on-resistance in GaN devices 

 High dv/dt induced insulation stress in motors 

 

2. Impact on Motor Insulation 

Fast voltage transitions can accelerate partial discharge in motor windings. 
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Figure 3: Voltage Rise Time Comparison 
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Proper filtering and insulation design are essential to mitigate these effects. 

 

EMI AND GATE DRIVE CHALLENGES 

High switching speeds increase electromagnetic interference (EMI). Careful PCB layout, 

optimized gate resistors, and advanced modulation techniques are required to ensure 

compliance with standards. 

 

APPLICATION CASE STUDY: INDUSTRIAL PMSM DRIVE 

A 5 kW permanent magnet synchronous motor drive was evaluated using silicon IGBT and 

SiC MOSFET inverters. 

 

Table 3: Performance Comparison 

Parameter Si-Based Drive SiC-Based Drive 

Peak Efficiency 94.8% 97.1% 

Power Density 3.2 kW/L 5.1 kW/L 

Operating Temp High Moderate 

 

The SiC-based drive demonstrated superior efficiency and thermal stability. 

 

FUTURE TRENDS 

Emerging developments include: 

 Hybrid Si–SiC drive architectures 

 Integrated GaN power modules 
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 Reliability-aware digital twin models 

 Standardization of WBG drive testing procedures 

 

CONCLUSION 

Wide bandgap semiconductors have a profound impact on the efficiency and reliability of 

electric drive systems. SiC devices are particularly suited for high-power and high-voltage 

drives, while GaN devices excel in high-frequency, low-to-medium power applications. 

Despite challenges related to EMI and reliability modeling, WBG-based drives represent a 

critical enabler for next-generation energy-efficient and compact electric drive systems. 
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