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MarSum Solutions: SiC vs. GaN - Choosing the Right Wide-Bandgap 
Semiconductor 

Wide-bandgap semiconductors have moved from specialty devices into mainstream power electronics. Silicon carbide 
(SiC) MOSFETs and gallium nitride (GaN) transistors both enable higher efficiency, faster switching, and smaller power 
converters than many legacy silicon designs. They are not interchangeable upgrades, however. The right choice depends 
on voltage class, power level, switching frequency, thermal design, packaging, qualification requirements, and cost 
targets. In current high-voltage traction and grid applications, SiC is generally the more mature choice, while GaN is 
expanding quickly in lower-voltage, high-frequency, and highly integrated conversion stages. 

This paper compares SiC and GaN from an application-driven engineering perspective. The goal is not to declare one 
technology universally better. The goal is to help project teams understand where each device family tends to win, what 
tradeoffs must be managed, and why device selection should be treated as a system architecture decision rather than a 
late-stage component substitution. 

Why the SiC vs. GaN decision matters 

Power semiconductor choice affects much more than conduction loss on a datasheet. It changes gate-drive design, layout 
sensitivity, switching speed, electromagnetic interference (EMI), thermal stack-up, passive component size, protection 
behavior, and qualification strategy. A converter that looks efficient in a simplified loss comparison can still fail program 
goals if it creates excessive ringing, difficult thermal paths, inadequate voltage margin, or supply-chain risk. 

SiC generally has the strongest fit in high-voltage, high-power applications where blocking voltage, temperature margin, 
ruggedness, and field history matter. GaN generally has the strongest fit in lower-voltage and high-frequency applications 
where switching speed, compact magnetics, and power density dominate. The boundary is not fixed. Device portfolios, 
packaging, drivers, and qualification data continue to improve, so each project needs a decision framework tied to the 
actual electrical and commercial requirements. 

Core technology differences 

SiC and GaN are both wide-bandgap materials, but their practical device behavior is different. The comparison below 
focuses on the engineering questions that usually matter first in power converter design. 

Voltage and power range 

SiC is commonly selected for high-voltage and high-power 
converters, including 750 V, 900 V, 1200 V, and higher 
device classes. GaN is strongest in the 100 V to 650 V 
class today, with emerging higher-voltage options that 
require careful qualification and topology review. 

Switching speed and frequency 

GaN devices can switch extremely fast with low charge 
and low switching loss, making them attractive for high-
frequency converters. SiC also switches faster than legacy 
silicon devices, but it is often chosen when voltage 
headroom and power density must be balanced with 
ruggedness. 

Thermal behavior and ruggedness 

SiC has strong thermal conductivity and high-temperature 
capability, which helps in traction, industrial, grid, and 
aerospace power stages. GaN can deliver high efficiency 
and compact layouts, but thermal path, package design, 
and transient overvoltage margin must be engineered 
carefully. 

Gate drive and layout sensitivity 

Both technologies require disciplined gate-drive and layout 
design. SiC often uses higher gate-drive voltages and 
careful control of dv/dt. GaN has tighter gate voltage 
limits, very fast edges, and strong sensitivity to parasitics, 
dead time, grounding, and measurement technique. 

Reverse conduction and protection 

SiC MOSFETs and GaN HEMTs behave differently during 
reverse conduction, dead time, and fault events. 
Protection strategy must account for short-circuit 
withstand behavior, overvoltage margin, current sensing, 
desaturation or fast overcurrent detection, and safe 
shutdown. 

Qualification and field history 

SiC has a longer track record in automotive traction, 
industrial drives, grid converters, and high-voltage 
systems. GaN is maturing quickly in consumer, data 
center, server, automotive auxiliary, and high-frequency 
power applications, but qualification evidence must match 
the target market. 
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Where SiC usually fits best 

SiC is often the practical choice when the converter must handle high DC bus voltage, high current, high ambient 
temperature, or demanding fault and surge conditions. It is especially compelling when the alternative is a silicon 
insulated-gate bipolar transistor (IGBT) operating with significant switching loss, diode recovery loss, or cooling burden. 

EV traction inverters: 800 V-class battery systems commonly push traction inverter designers toward 1200 V-class SiC 
devices because voltage headroom, switching loss, cooling demand, and drive-cycle efficiency all matter. SiC can 
improve efficiency and reduce thermal load, but it also requires careful gate-drive tuning, DC-link layout, EMI control, and 
motor insulation review. 

Industrial drives and motor control: High-power industrial drives, compressors, pumps, and machine systems can 
benefit from SiC when switching loss, heat rejection, cabinet size, or high-voltage operation becomes limiting. The value 
case is strongest when efficiency and thermal margin reduce enclosure size, cooling cost, or downtime risk. 

Grid converters, BESS, and renewables: Energy storage inverters, solar inverters, solid-state transformers, UPS 
systems, and high-voltage DC/DC converters often need voltage margin, high efficiency, and utility-grade reliability. SiC is 
well suited to these applications when the design must manage high bus voltage, fault ride-through, harmonics, and long 
service life. 

Aerospace and high-reliability power stages: Aircraft electrification and defense power systems place high value on 
power density, high-temperature operation, and rigorous validation. SiC can be attractive in propulsion inverters and high-
voltage conversion stages, provided EMI, insulation, thermal design, and certification evidence are addressed early. 

Where GaN usually fits best 

GaN is often the practical choice when the converter benefits from very high switching frequency, small magnetics, high 
power density, and fast transient response. It is especially useful where voltage class is compatible with available GaN 
devices and where layout, integration, and protection can be tightly controlled. 

Data center and server power: 48 V, 400 V, and 800 V data center power architectures are increasing the need for 
compact, efficient DC/DC conversion close to processors and accelerators. GaN can support high-frequency operation, 
reduced magnetics, and dense power stages in server supplies, bus converters, and AI data center power modules. 

Consumer and commercial fast chargers: USB-C chargers, adapters, appliance supplies, and compact commercial 
power supplies have been a major GaN adoption area because high switching frequency helps reduce transformer, 
inductor, and enclosure size while maintaining high efficiency. 

EV onboard chargers and auxiliary converters: GaN can be attractive in onboard chargers, DC/DC converters, and 
resonant or soft-switching topologies where frequency, density, and efficiency are key. SiC may still be preferred at higher 
voltage or power levels, so the topology and voltage margin usually decide the boundary. 

Robotics, telecom, and precision power: Applications that need compact converters, high bandwidth, or high-frequency 
operation can benefit from GaN when the electrical environment is controlled. The tradeoff is that layout, thermal path, 
and protection design usually have less room for error. 

Application fit is a system-level decision 

A useful SiC-versus-GaN decision starts with the converter mission, not the device marketing page. The same device that 
is ideal in a high-frequency isolated DC/DC stage may be the wrong choice in a high-voltage traction inverter, and the best 
semiconductor on paper may be impractical if it increases EMI risk, qualification burden, or supply-chain complexity. 

Decision factors for device selection 
Choosing between SiC and GaN is rarely a single-spec decision. Voltage rating matters, but so do switching frequency, 
thermal path, topology, qualification requirements, layout constraints, and supplier maturity. The strongest designs start by 
matching the device technology to the converter’s full operating environment rather than assuming one wide-bandgap 
option is universally better. 
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Voltage and transient margin 

Start with maximum bus voltage, switching overshoot, 
surge environment, insulation coordination, and derating 
rules. High-voltage systems often favor SiC because 
available voltage classes and margin strategy are better 
aligned with the application. 

Power level and thermal path 

High current and continuous power require package, 
module, substrate, heat sink, coolant, and interconnect 
decisions that support real duty cycles. SiC often fits 
higher-power stages; GaN often fits compact, high-
frequency stages where heat can be extracted effectively. 

Switching frequency target 
GaN can unlock very high-frequency operation and 
smaller passives. SiC can also support higher frequencies 
than silicon IGBTs, but the practical limit is set by losses, 
EMI, insulation stress, controller bandwidth, and 
measurement discipline. 

Topology and soft switching 

LLC, phase-shifted full bridge, totem-pole PFC, traction 
inverter, three-level inverter, and bidirectional DC/DC 
topologies stress devices differently. Reverse conduction, 
dead time, body diode behavior, and zero-voltage 
switching margin can change the preferred device. 

EMI/EMC and layout risk 

Faster switching is valuable only when the layout, gate 
drive, grounding, shielding, filter strategy, and sensing 
approach are designed for it. GaN and SiC both expose 
parasitic problems that may be hidden in slower silicon 
designs. 

Qualification and supply chain 

Automotive, aerospace, grid, and industrial programs 
require reliability data, traceability, package maturity, 
manufacturing capacity, and vendor support. Device cost 
matters, but so do testing burden, field history, and 
second-source strategy. 

 

Cost, availability, and the designer learning curve 

Cost comparisons between SiC and GaN can be misleading when they are limited to device price. A higher-cost 
semiconductor may reduce magnetics, cooling, copper, enclosure size, or energy loss. A lower-cost device may become 
expensive if it increases EMI filtering, rework, qualification time, or warranty risk. The correct comparison is system cost 
across the converter, not only dollars per transistor. 

SiC has moved into high-volume automotive, industrial, energy storage, and renewable applications, which has improved 
device availability and module options. GaN has scaled rapidly in consumer chargers and is expanding into data centers, 
automotive auxiliary power, and higher-power conversion. Both supply chains continue to evolve, so vendor roadmap, 
package availability, reliability evidence, and application support should be reviewed early. 

The learning curve is also real. SiC and GaN designs require better measurement practice, shorter power loops, careful 
gate-drive selection, clean PCB layout, thermal modeling, and protection behavior validated under abnormal conditions. 
Teams that treat WBG devices as drop-in replacements often discover late-stage EMI, ringing, overheating, or fault-
handling problems. Teams that design the converter around the device physics can capture the efficiency and power-
density gains more reliably. 

Use-case map across industries 

The boundary between SiC and GaN will continue to move, but current application patterns are useful for early 
architecture planning. 

EVs and transportation: SiC is usually favored for traction inverters, high-power DC/DC converters, and fast-charging 
power stages where voltage and thermal margin dominate. GaN can fit onboard chargers, auxiliary converters, and high-
frequency stages where compact magnetics and density matter. 

Data centers and telecom: GaN is attractive in high-density AC/DC and DC/DC stages where frequency and transient 
response support compact power delivery. SiC may appear in higher-voltage front ends, UPS systems, and infrastructure-
scale conversion where voltage and power levels rise. 

Renewables, storage, and grid conversion: SiC is commonly the stronger fit for solar inverters, BESS converters, grid-
tied converters, and medium-voltage-oriented architectures. GaN may fit auxiliary or high-frequency sub-stages when 
voltage, isolation, and protection requirements allow it. 

Aerospace, industrial, and robotics: SiC is attractive where high voltage, temperature margin, and ruggedness matter. 
GaN is attractive where compact, high-frequency conversion improves weight, size, or control bandwidth. In both cases, 
reliability and EMI validation drive the final architecture. 
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Integration challenges that determine project success 

Most SiC and GaN project problems are not caused by the semiconductor alone. They occur when the device is selected 
before the converter architecture, layout, controls, sensing, thermal path, and qualification plan are aligned. 

Gate drive and protection sequencing 

Turn-on and turn-off behavior, negative bias, Miller control, 
desaturation or overcurrent detection, soft shutdown, and 
fault latching must match the device and topology. 

Power loop and PCB layout 
Package inductance, commutation loop area, Kelvin 
source or source sense routing, return paths, and 
capacitor placement determine overshoot, ringing, loss, 
and measurement quality. 

Thermal and package integration 

Junction temperature, substrate choice, module attach, 
thermal interface material, airflow or liquid cooling, and 
cycling life must be evaluated over real mission profiles. 

EMI/EMC and insulation stress 

High dv/dt and di/dt can create conducted emissions, 
radiated emissions, common-mode current, bearing 
current, and insulation stress. Mitigation must be part of 
the architecture, not an afterthought. 

Controls and modeling 

Faster power stages can expose control-loop bandwidth 
limits, sampling problems, dead-time sensitivity, and 
transient interactions. Simulation and hardware testing 
should reflect real parasitics and abnormal events. 

Qualification and production readiness 

Reliability data, supply continuity, test limits, production 
variation, manufacturability, serviceability, and 
documentation must support the target market and 
customer expectations. 

 

How MarSum supports SiC and GaN power electronics programs 

MarSum Solutions supports high-performance power electronics, motor-drive, converter, and system-integration programs 
with an engineering-first approach focused on performance, robustness, and manufacturability. SiC and GaN projects sit 
at the intersection of semiconductor selection, power-stage design, gate-drive behavior, thermal management, EMI/EMC, 
controls, and validation, which is where early engineering decisions have the largest effect on project risk. 

Our work can include SiC-versus-GaN architecture review, device and package selection support, converter topology 
assessment, gate-drive and protection strategy, power-stage layout review, thermal and reliability assessment, EMI/EMC 
mitigation planning, modeling, and validation planning. We also help teams translate broad goals such as higher 
efficiency, smaller magnetics, faster switching, higher voltage operation, and power-density improvement into testable 
engineering criteria. 

For developers, equipment suppliers, and project teams adopting wide-bandgap power devices, the semiconductor 
decision should be treated as a core architecture choice rather than a bill-of-material substitution. A disciplined system-
level approach can reduce debug cycles, improve qualification readiness, and support a faster path from prototype 
performance to production-ready hardware. 

Engagement models 

We support customer teams through focused technical consulting, design reviews, modeling and controls support, and 
deeper co-development efforts depending on program phase. Typical engagements range from early feasibility and 
requirements definition to prototype validation, field-debug support, and production-readiness planning for SiC, GaN, and 
high-performance power conversion systems. 
 
Selected sources: Texas Instruments GaN-versus-SiC technical overview; Infineon wide-bandgap semiconductor materials; Wolfspeed 
SiC MOSFET application materials. 

Contact us today to scope your SiC, GaN, or wide-bandgap power electronics 
project! 

 


