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Abstract: GaN-on-SiC heterostructures are emerging as key materials for high-power and high-frequency electronic 

applications due to their superior electrical and thermal properties. This paper presents a detailed study of the material 

characteristics, device behavior, and performance advantages of GaN grown on SiC substrates. Comparative analysis 

with conventional silicon technology demonstrates improved efficiency, reduced power loss, enhanced thermal 

stability, and higher operating frequency capability. The results confirm the suitability of GaN-on-SiC devices for next-

generation RF systems, electric vehicles, renewable energy converters, and aerospace electronics. 
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I. INTRODUCTION 

 

Wide-band-gap semiconductors such as GaN and SiC are changing how we build electronic devices, enabling them to 

operate at higher voltage levels than silicon-based devices could ever achieve. These materials have higher band-gaps 

than silicon, which gives each material a higher critical electric field and thus allows the devices to operate at higher 

voltage levels than we would typically see for a given size or configuration of device with silicon. Their higher band 

also results in leakage currents being reduced when the devices are operated above room temperature compared to 

standard semiconductor materials (silicon).  

 

GaN is well known for its ability to form a 2DEG (two-dimensional electron gas) at the heterojunction interface 

between GaN and AlGaN; both of these materials have very high mobilities for their electrons (in excess of 3500 

cm2/V-s). The formation of the 2DEG gives GaN devices low on-resistance at high current levels, high current density 

and ultrafast turn-on times. These properties make GaN-based devices very well suited for high-frequency/high-power 

applications. 

 

SiC has good thermal properties and chemical stability, both of which provide for good heat dissipation and dependable 

operation in tough conditions. Components built using SiC substrates have more capacity to run at higher junction 

temperatures with less need for cooling, improving both overall system efficiency and smaller system size. The GaN-

on-SiC structure consists of a small, GaN layer of material on top of a SiC substrate, taking advantage of the GaN 

electronic performance and the exceptional ability of SiC to conduct heat. 

 

This helps to achieve a large improvement in device efficiency, power density, switching loss, conduction loss and 

reliability. As a result, GaN-on-SiC technology is becoming the most popular platform for advanced power converters, 

electric vehicle drive systems, renewable energy systems, RF power amplifiers, 5G communications, radar systems and 

satellite communications. By providing for the ability to operate at increased voltage, greater frequency of switching, 

and maximum heat dissipation, GaN-on-SiC heterostructures will be a major breakthrough in the future of advanced 

power electronics and high-frequency communications. 

  

II. METHODOLOGY 

 

The study includes material parameter comparison, heterostructure analysis, and performance simulation. Electrical and 

thermal characteristics are evaluated through analytical comparison and simulated efficiency and power density 
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behavior. The GaN/SiC interface and 2DEG formation are examined to understand high‑frequency switching capability 

and heat dissipation performance. 

 

The methodology for the design study of GaN-on-SiC heterostructures was constructed through the combined approach 

of evaluating material parameters, device level modelling/simulation, and performance based simulation. This 

methodology was constructed to allow evaluation of electrical efficiency, power density capability, and thermal 

performance in comparison to standard silicon based semiconductor technology. 

 

This picture summarizes the primary electrical and thermal characteristics of wide band gap semiconductors 

represented by Gallium Nitride (GaN) and Silicon Carbide (SiC). Because they increase in size relative to silicon, both 

GaN and SiC will provide higher voltage and temperature capabilities than silicon when they are used for switching 

applications. When a GaN-on-SiC heterostructure is formed, a two-dimensional electron gas (2DEG) is created, 

allowing electrons to move at extremely high speeds and produce efficient switching. In addition to the above 

properties, the diagrams also illustrate transistor ON/OFF operation and will assist with demonstrating the efficient 

removal of heat through heat sinks and substrates. As such, GaN-on-SiC devices represent the ideal combination of 

superior electrical performance and very effective thermal management, making them suitable for both RF and power 

applications. (Fig.1) 

 

 
Fig. 1  GaN-on-SiC Wide Band Gap Semiconductor Structure and Thermal Management Overview 

 

2.1 Material Parameter Evaluation 

Key semiconductor parameters of interest including bandgap energy, breakdown electric field, and thermal 

conductivity were evaluated for information regarding silicon, GaN, and SiC. These material parameters were then 

used to support the theoretical suitability of wide bandgap materials for high voltage and high frequency applications. 

Comparison of these materials provided the basis of the subsequent performance simulation of devices made from the 

wide bandgap materials under consideration. 

 

2.2 Heterostructure Modelling and 2DEG Formation 

The GaN-on-SiC device structure was modelled taking into account the growing of the GaN epitaxial layer over the 

SiC substrate. A significant focus was given to the two dimensional electron gas (2DEG) formation at an interface 

between GaN and SiC which results in the high electron mobility and low channel resistance characteristics associated 

with this type of structure. This phenomenon was included in the analytical basis of the study to predict both the 

switching speed and the enhancement of RF performance associated with this device architecture. 
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2.3 Electrical Performance Simulation 

Electric Performance Simulations were used to determine the relationship between various efficiencies in devices using 

GaN on Silicon Carbide (SiC), GaN on Silicon, and Conventional Silicon using a large division of Switching 

Frequencies for determining Location of Switching Losses and Conductive Efficiency. The Simulation data shows the 

trends of efficiencies obtained using GaN Technology on SiC shows it is able to maintain higher efficiencies than other 

technologies at higher Operating Frequencies.  

 

2.4 Power Density Analysis 

Power Density Performance was determined by increasing drain voltage during controlled operating conditions and 

measuring the amount of output power (Watts) produced from the various semiconductor material used by the devices 

during the analysis of maximum achievable output per square foot area. The power density characteristics of the GaN 

on SiC structures were significantly improved when compared to both the GaN Silicon and Conventional Silicon due to 

the high breakdown voltage and increased Carrier Transport properties of GaN on SiC . 

 

2.5 Thermal Behavior Assessment 

Thermal Performance was defined from heat dissipation produced by the substrate material. Thermal performance was 

estimated by the thermal conductivity of SiC (in simulation model), and the rise in Junction Temperature (under high 

power conditions), the analysis concluded there was less thermal stress (on device) and therefore improved reliability of 

any device manufactured with GaN on SiC versus Conventional Pilot device made with GaN on Silicon. 

 

III.     RESULTS AND DISCUSSION 

 

Simulation results indicate high efficiency at elevated switching frequencies and strong power density capability at 

higher voltages. Thermal conduction through the SiC substrate significantly reduces device temperature rise compared 

with silicon technology. These findings validate GaN‑on‑SiC suitability for compact, high‑efficiency power electronic 

systems. 

 

Through simulation and analytical studies, it has been found that there is an improvement in the electrical efficiency, 

thermal stability, and ability to switch at high frequency with GaN-on-SiC over traditional silicon devices. In terms of 

efficiency, GaN-on-SiC devices will convert power to and from AC or DC, with good efficiency for high frequency 

operation. This means that the use of wide band-gap materials will work well for compact or high-power applications. 

 

 
Fig. 2 Simulated Efficiency Variation with Switching Frequency for GaN-on-SiC Devices 

 

Power Density Analysis: The power density analysis demonstrates that GaN-on-SiC allows for higher voltage 

electrical operation with minimal conduction loss. The presence of high mobility two-dimensional electron gas (2DEG) 

at the GaN/SiC interface aids carrier transport to allow for rapid switching transients and improved radio frequency 
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(RF) performance in high frequency applications necessary for today’s communication and power electronic systems. 

(Fig. 2)         

 

 
Fig.3 Simulated Power Density Variation with Applied Voltage for GaN-on-SiC Devices 

 

Thermal Simulation Results: The thermal simulation results indicate that the SiC substrate is an important part of 

these devices, as the high thermal conductivity of the substrate allows for the effective removal of heat. With respect to 

silicon technology, the temperature rise experienced by GaN-on-SiC devices is much lower under similar operating 

conditions, which reduces thermal stress on the devices. This reduction in thermal stress leads directly to increased 

reliability of the devices and longer lifetime, along with stable operation at high power levels. (Fig.3) 

 

              TABLE I: Material Property Comparison 

 

Material Band Gap (eV) Breakdown Field 

(MV/cm) 

Thermal Conductivity 

(W/m·K) 

Silicon 1.1 0.3 150 

GaN 3.4 3.3 130 

SiC 3.2 2.8 490 

   

Table I compares the material properties (bandgap, breakdown field, thermal conductivity) of GaN and SiC, showing 

that these materials can be used at higher voltages and temperatures because of their wide bandgap and high breakdown 

fields, and also that SiC provides excellent thermal conductivity for efficient heat dissipation. These characteristics, 

taken together, indicate that GaN-on-SiC provides the ideal foundation for next-generation RF amplifiers, electric 

vehicle power converters, renewable energy inverters, and aerospace electronics вЂ“ all of which require high-

frequency operation. 

 

IV. CONCLUSION AND FUTURE WORK 

 

GaN‑on‑SiC heterostructures provide major improvements in efficiency, thermal stability, and switching performance 

compared with traditional semiconductor materials. Continued research in packaging, cooling, and cost reduction will 

accelerate adoption in future high‑power and high‑frequency electronic applications. Comparison to existing silicon-

based devices has shown a marked advantage by GaN-on-SiC heterostructure devices in electrical, thermal, and 

performance characteristics for high-power and high-frequency application areas. Performance capability is improved 

with respect to electricity efficiency at higher switching frequency operation, increased power density, better thermal 

management, and better long-term stability under high-temperature conditions. Combination of GaN's electrical 

mobility with SiC's outstanding thermal conductivity affords the design of compact, efficient, and high-performing 

electronics, making GaN-on-SiC devices excellent candidates for future applications such as: RF communication; 

electric transportation; renewable energy conversion; and high-end aerospace electronics. 
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Future work will need to develop low-cost process fabrication; advanced packaging technology; and improved 

thermal management systems to support large-scale industrial implementation; additional research into these areas 

should continue to improve the performance and commercial viability of all products based on GaN-on-SiC power 

electronic devices. 
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