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Executive Summary

Silicon Carbide (SiC) MOSFETs represent a revolutionary advancement in power
semiconductor technology, offering 60-80% lower switching losses than silicon IGBTs,
enabling switching frequencies 10x higher (10-20 kHz vs 1-3 kHz), and supporting
junction temperatures above 200°C. The global market was valued at $2.3-2.5 billion in
2024 and is projected to reach $33.7-47.2 billion by 2032-2035, growing at a CAGR of
27-32%. Electric vehicles account for 40% of demand, with automotive applications
driving the majority of growth.

1. Technology Fundamentals

Material Properties

SiC MOSFETs leverage the unique properties of silicon carbide as a wide-bandgap
semiconductor material. The wide bandgap of 3.26 eV (compared to 1.12 eV for silicon)
enables significantly higher breakdown voltages and dramatically lower leakage currents.
This fundamental advantage allows SiC devices to operate at higher voltages with thinner
drift layers, reducing on-resistance and improving overall efficiency.

The thermal conductivity of SiC is 4-5x higher than silicon (~490 W/m - K vs ~150
W/m - K), enabling superior heat dissipation and allowing devices to operate at higher
junction temperatures. The electron saturation velocity is higher, enabling faster switching
transitions (10-20 ns vs 50-100 ns for Si MOSFETs). The critical electric field strength of
~2.8 MV /cm (vs 0.3 MV/cm for Si) allows thinner drift layers and lower on-resistance.

Device Architecture

Modern SiC MOSFETs employ trench MOSFET design with vertical trench
architecture that reduces unit cell size and channel resistance. The latest generation
devices feature dual-channel vertical-trench architecture (Bosch 2024), which halves
channel resistance and raises power density. The robust body diode operates effectively
even at OV gate turn-off voltage, eliminating parasitic turn-on issues that plague earlier

generations.
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Market Growth Visualization

The SiC MOSFET market is experiencing explosive growth driven by electric vehicle
adoption and renewable energy integration. The following chart illustrates the projected
market expansion from 2024 through 2035, showing the consistent 27-32% compound
annual growth rate that positions SiC as one of the fastest-growing semiconductor

segments.
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The market trajectory demonstrates that SiC MOSFET adoption is accelerating rapidly.
Starting from $2.4 billion in 2024, the market is projected to reach nearly $40 billion by
2035. This growth reflects the technology's maturation, cost reduction, and increasing
adoption across automotive, industrial, and renewable energy sectors. The consistent
CAGR of 27-32% indicates sustained demand growth rather than a temporary trend.

2. Performance Characteristics (2024 Data)

Voltage Ratings and Specifications

SiC MOSFETs are available in standard voltage ratings of 800V, 1200V, 1700V, and
2.2kV, with research prototypes reaching up to 6.5kV. The most common rating is
1200V, which dominates the electric vehicle traction inverter market. The electrical
specifications demonstrate SiC's superior performance across all key metrics:

Parameter Typical Value Notes
On-Resistance (RDS(on)) | 10-100 mf2 Varies by voltage rating and die size
Gate Threshold Voltage 10-15V Standard MOSFET-like control

Switching Speed 10-20 ns 5-10x faster than Si MOSFETs




Leakage Current Very low Excellent at high temperatures

Temperature Coefficient +20-30% (0-200°C) | Minimal vs Si IGBT (+100%+)

Breakdown Voltage 800V-2.2kV Stable across temperature range

Loss Reduction vs Si IGBT

The most compelling advantage of SiC MOSFETS is their dramatically reduced switching
losses. Turn-off loss is 60-80% lower than equivalent Si IGBTs (e.g., 0.16 mJ vs 0.46 mJ
at 25°C). Turn-on loss is significantly reduced due to fast switching characteristics.
Conduction loss can be reduced by up to 38% in high-voltage applications. In a typical
400V, TA three-phase inverter, total system loss reduction reaches approximately 28 W
compared to equivalent Si IGBT designs.

Thermal Performance

SiC MOSFETs can operate at junction temperatures above 200°C, compared to ~150°C
for Si IGBTs. The thermal resistance from junction to case (Rth,j-c) is dramatically
reduced in the latest generation devices (Infineon G2). The superior thermal conductivity
enables smaller and simpler cooling solutions, reducing system cost and complexity.

3. 2024 Technology Advances
Infineon CoolSiC G2 (1200V)

Infineon's second-generation CoolSiC platform delivers a 6-7% increase in allowable
current or 50% increase in switching frequency for the same on-resistance. The
platform features dramatically lower junction-to-case thermal resistance, reduced total
gate charge for given RDS(on), and lower gate-drive losses. The robust body-diode
operation at OV turn-off represents a significant reliability improvement.

Bosch Generation-2 SiC (200mm Wafers)

Bosch's second-generation SiC technology on 200mm wafers features dual-channel vertical-
trench architecture that achieves 50% reduction in channel resistance while
increasing power density. This advancement enables higher current handling in the same
die size, improving system efficiency and reducing cooling requirements.

Toshiba 2.2kV SiC MOSFET

Toshiba's high-voltage SiC MOSFET achieves 38% conduction loss reduction and
supports 10 kHz switching frequency, enabling compact, low-loss inverter designs for
industrial and renewable energy applications.



STMicroelectronics STPOWER G4 (September 2024)

ST's fourth-generation devices in 750V and 1200V ratings feature smaller die sizes,
reduced on-resistance, and faster switching. These devices are specifically designed for
400V and 800V EV traction inverters, addressing the automotive market's most

demanding applications.

Wolfspeed Gen 4 (January 2025)

Wolfspeed's latest generation platform delivers breakthrough performance under actual
operating conditions, with enhanced focus on reliability and efficiency. As the pioneer in
SiC technology, Wolfspeed continues to push the boundaries of device performance.

4. Market Landscape and Competitive Analysis

Market Size and Growth Trajectory

The SiC MOSFET market demonstrates exceptional growth potential. The 2024 market
value of $2.3-2.5 billion is projected to reach $33.7-47.2 billion by 2032-2035, representing
a compound annual growth rate of 27-32%. This growth rate significantly exceeds the
broader semiconductor industry average, reflecting the technology's critical importance to
emerging applications.

Device type distribution shows that module SiC MOSFETs account for 56% of
market share, while discrete devices represent 44%. Modules offer superior system-level
performance through integrated gate drivers and thermal management, making them
preferred for high-power applications.

Geographic Distribution

The Asia-Pacific region is the largest market with 33.7% share, driven primarily by
China's dominant position in electric vehicle manufacturing. Europe shows strong growth
due to aggressive EV adoption targets and renewable energy expansion. North America is
experiencing growing demand from automotive and industrial sectors.

Manufacturer Market Share and Competitive Positioning

The SiC MOSFET market is dominated by three major players who collectively control
approximately 80% of the market. The following visualization shows the competitive
landscape and market share distribution among leading manufacturers.
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STMicroelectronics leads the market with 28% share, leveraging its broad portfolio,
automotive-grade qualification, and emerging 200mm wafer capability. Wolfspeed follows
with 24% share, maintaining its position as the technology pioneer with strong high-power
application expertise and latest-generation devices. Infineon holds 22% share with its
advanced CoolSiC G2 platform and extensive automotive partnerships. ON Semiconductor
(10%), ROHM (8%), and Mitsubishi Electric (5%) serve specialized market segments. The
remaining 3% is distributed among emerging players including GeneSiC, Microchip,
Littelfuse, and BASiC Semiconductor.

Strategic Partnerships and Collaborations

Major automotive OEMs have established long-term supply commitments with leading
SiC manufacturers. Infineon has secured partnerships with Stellantis for EV platform
supply. STMicroelectronics collaborates with Ampere on the Rowerbox solution for
electric drivetrains. Multiple OEMs are conducting validation programs with devices from
Wolfspeed, ST, and Infineon, indicating broad industry confidence in SiC technology
maturity.

5. Applications and Demand Drivers

Primary Application Segments

SiC MOSFETs address critical needs across multiple high-growth markets. Electric vehicle
traction inverters represent the largest application, accounting for 40% of total demand.



These inverters convert DC battery power to three-phase AC for motor drive, and SiC's
superior efficiency directly translates to extended vehicle range and reduced charging time.

EV on-board chargers (OBC) benefit from SiC's higher power density and faster charging
capability. Fast EV charging infrastructure represents another major application, where
SiC enables high-power conversion with minimal losses. Industrial motor drives,
particularly variable frequency drives (VFDs), leverage SiC's high-efficiency operation.
Renewable energy systems including solar inverters, wind power converters, and energy
storage systems represent growing applications. Power infrastructure applications such as
solid-state transformers, grid-scale power conversion, and UPS systems are emerging high-
value segments.

Application Breakdown and Market Demand

The following chart illustrates the distribution of SiC MOSFET demand across different
application segments, highlighting the dominance of electric vehicle applications in driving
market growth.

SiC MOSFET Application Breakdown by Market Segment (2024)
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Electric vehicles clearly dominate SiC MOSFET demand at 40%, reflecting the
technology's critical role in improving EV efficiency and range. Industrial power
applications account for 25%, driven by the need for high-efficiency motor drives and
power conversion. Renewable energy systems represent 15% of demand, supporting the
global transition to clean energy. Data center power conversion accounts for 10%, where
efficiency improvements directly reduce operational costs. Consumer electronics, telecom
power, and other applications collectively represent 10% of demand. This distribution
demonstrates that SiC MOSFETs are essential to multiple high-growth markets, providing
diversified demand drivers beyond automotive.



Growth Drivers

Electric vehicle adoption is accelerating globally, with China experiencing a 35% rise in
EV sales (January-March 2024) and 17 million units sold globally in 2024 (20% year-over-
year growth). Regulatory pressure for reduced emissions drives demand for more efficient
power conversion. Renewable energy integration, including solar and wind power
expansion, requires efficient power electronics. Industrial automation and the demand for
high-efficiency variable frequency drives continue to grow. Cost reduction in SiC
manufacturing, as production scales and competition increases, makes the technology
economically attractive for broader applications.

6. SiC MOSFET vs Silicon IGBT Comprehensive
Comparison

Performance Comparison Overview

The following visualization provides a comprehensive comparison of key performance
metrics between SiC MOSFETs and silicon IGBTs, demonstrating SiC's superiority across
multiple critical dimensions.

SiC MOSFET vs Silicon IGBT: Performance Comparison
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Performance Metrics

This comparison clearly demonstrates SiC MOSFET superiority across all measured
parameters. Switching loss is dramatically lower in SiC devices, enabling 10x higher



switching frequencies. On-state resistance is significantly reduced, improving conduction
efficiency. Junction temperature capability is 50°C higher, enabling more aggressive
thermal designs. Thermal conductivity is 3-4x superior, simplifying cooling requirements.
These combined advantages make SiC MOSFETs the preferred choice for efficiency-critical
applications.

Detailed Loss Analysis

Metric SiC MOSFET | Si IGBT Advantage
Turn-off Loss 0.16 mJ 0.46 mJ 65% lower
Turn-on Loss Very low Moderate SiC superior
Switching Frequency | 10-20 kHz 1-3 kHz 10x higher
Tail Current None Pronounced | SiC eliminates
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Thermal Performance Comparison

Metric SiC MOSFET | Si IGBT Advantage
Thermal Conductivity 490 W/m - K 150 W/m - K | 4-5x better
Max Junction Temperature | >200°C ~150°C SiC higher
Heat Dissipation Excellent Adequate SiC superior
Cooling Requirements Minimal Substantial SiC simpler




System-Level Benefits

Beyond device-level advantages, SiC MOSFETs deliver significant system-level benefits.
System size and weight can be reduced by 25-30% through smaller passive components
(inductors and capacitors). Efficiency improvements of 28W loss reduction in typical 400V
inverters translate directly to extended EV range or reduced cooling costs. Reliability
metrics show better field performance with lower defects per million (DPM) rates
compared to silicon devices. While SiC device costs are higher than silicon, the smaller
system size and reduced cooling requirements offset the device cost premium, resulting in

competitive total system cost.

7. Manufacturing and Supply Chain

Wafer Technology and Production

SiC MOSFET production currently relies on 150mm wafers, which account for
approximately 55% of global production. These mature processes deliver reliable, high-
quality devices. 200mm wafers are emerging as the next-generation standard, with
manufacturers like Bosch leading the transition. This larger wafer size increases
throughput and reduces per-unit manufacturing cost. 300mm wafer technology is under

development for future scaling, which will further improve cost economics.

Production Capacity Expansion

Global SiC MOSFET production capacity is expanding rapidly to meet the 27-32% CAGR
demand growth. New fabrication facilities are coming online in China, Europe, and the
United States. Major manufacturers are pursuing vertical integration strategies,
controlling the supply chain from substrate production through final packaging. This
integration ensures supply security and enables optimization of the entire manufacturing
process.

Supply Chain Maturity

The SiC MOSFET supply chain has reached a mature state across most segments.
Substrate supply is well-established, with multiple suppliers including Cree/Wolfspeed and
[1-VI providing high-quality SiC wafers. Epitaxy processes are mature and reliable. Wafer
fabrication capacity is scaling up to meet demand. Packaging technology has advanced
significantly, with solutions including top-side cooling and advanced thermal management
enabling higher power density.



8. Future Outlook and Technology Roadmap
(2025-2035)

Technology Development Roadmap

The SiC MOSFET technology roadmap includes several key development areas. Higher
voltage ratings of 3.3kV, 6.5kV, and 10kV are in development for industrial and grid-scale
applications. On-resistance will continue to decrease through architecture optimization and
process improvements. Reliability enhancements focus on gate oxide robustness and body-
diode performance. Advanced packaging solutions will enable better thermal management
and higher power density.

Market Growth Projections

By 2028, the industry targets 15% reduction in power loss and 20% increase in switching
frequency compared to 2024 devices. The market is projected to reach $33.7-47.2 billion by
2032-2035, representing a 27-32% CAGR. SiC MOSFETs are expected to become the
standard technology in all electric vehicle platforms, replacing silicon IGBTs across the
industry.

Emerging Applications

Beyond current applications, SiC MOSFETs are enabling new markets. Aerospace and
defense applications require high-temperature, high-reliability devices where SiC excels.
Data center power conversion is becoming increasingly important as efficiency directly
impacts operational costs. 5G infrastructure power conversion for telecom systems
represents a growing segment. Autonomous vehicle power management systems will

require advanced power electronics that SiC enables.

9. Technical Challenges and Solutions

Key Technical Challenges

Gate oxide reliability has been a historical concern with SiC MOSFETSs, but this has been
largely addressed through improved oxide quality and advanced gate-drive design. Short-
circuit withstand time was previously limited to less than 1 microsecond, but recent
advances (NoMIS Power) have achieved 5 microseconds minimum, approaching Si IGBT
levels. Cost remains higher than silicon devices, though this gap is narrowing as
production scales. Supply chain constraints are being addressed through -capacity

expansion and new manufacturing facilities.



Solutions and Mitigation Strategies

Enhanced gate-drive technologies specifically designed for SiC MOSFETs address gate
oxide stress and improve reliability. Improved packaging solutions provide better thermal
management and enable higher power density. Advanced reliability testing and
qualification programs ensure devices meet automotive and industrial standards. Cost
reduction through process optimization and increased competition is making SiC
economically attractive for broader applications.

10. Conclusion

Silicon Carbide MOSFETs represent a transformative technology in power electronics,
delivering 60-80% lower switching losses, 10x higher switching frequencies, and superior
thermal performance compared to silicon IGBTs. The global market is experiencing
explosive growth at 27-32% CAGR, driven primarily by electric vehicle adoption and
renewable energy integration. With the top three manufacturers (STMicroelectronics,
Wolfspeed, and Infineon) controlling 80% of the market, the technology has achieved the
maturity and scale necessary for widespread adoption.

The 2024 technology advances from leading manufacturers demonstrate continued
innovation in device architecture, thermal management, and reliability. Strategic
partnerships between device manufacturers and automotive OEMs confirm industry
confidence in SiC technology. The projected market growth to $33.7-47.2 billion by
2032-2035 reflects the technology's critical importance to the global transition toward
electric vehicles and renewable energy.

For engineers and decision-makers evaluating power semiconductor technologies, SiC
MOSFETs have transitioned from emerging technology to the preferred choice for
efficiency-critical applications. The combination of superior performance, improving cost
economics, and proven reliability makes SiC MOSFETs the technology of choice for next-

generation power conversion systems.
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