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Optimizing Thermal Management & Power Density in Bidirectional BESS
Converters Using Ultra-High-Voltage SiC MOSFETs

1. Abstract

Modern utility-scale Battery Energy Storage Systems (BESS) demand unprecedented power densities and

bidirectional efficiencies exceeding 98.5%. Traditional silicon-based insulated-gate bipolar transistors (IGBTs)

are constrained by low switching frequencies (less than 5 kHz) and substantial switching losses, necessitating

massive liquid-cooling infrastructures. This application note explores thermal optimization methodologies when

replacing legacy silicon with Quest Semi 5kV and 10kV Silicon Carbide (SiC) MOSFETs in bidirectional

multi-megawatt central inverters. By leveraging the ultra-low switching losses and superior thermal conductivity

of wide-bandgap (WBG) technology, engineers can increase switching frequencies up to 25 kHz, downsize

magnetic filters by 60%, and reduce total cooling system overhead by up to 75%.

2. The High-Voltage BESS Thermal Challenge

Scaling modern battery banks up to higher DC bus topologies (1500V to 3000V DC) drastically cuts current

conduction losses (I²R) across the DC bus. However, at these elevated voltages, traditional Silicon IGBTs

encounter severe performance bottlenecks. These include prolonged tail currents during turn-off that generate

massive switching energy losses, thermal runaway risks due to internal resistance spiking with temperature,

and heavy heatsink volumetrics. Managing the resulting thermal dissipation requires massive air-cooled

configurations or complex liquid-to-water heat exchangers, severely limiting system power density (kW/m³).

Quest Semi's high-voltage SiC MOSFETs resolve these bottlenecks by offering a breakdown strength 10x

higher than silicon and near-zero reverse recovery charge.

3. Thermal Evaluation: Quest Semi SiC vs. Legacy Silicon

The performance data below outlines a 1.5 Megawatt (MW) bidirectional three-phase ANPC inverter

configuration operating at a 1500V DC bus link.

Thermal & Operational Metric
Legacy Silicon IGBT
(3.3kV)

Quest Semi SiC
MOSFET (5kV)

Performance Variant

Max Switching Frequency (f_sw) 3.5 kHz 20 kHz 5.7x Frequency Boost

Total Inverter Efficiency (Peak) 96.8% 99.1% 2.3% Loss Reduction

Junction-to-Case Thermal Res.
(R_thJC)

0.045 °C/W 0.018 °C/W 60% Faster Heat Dissipation

Required Heatsink Volume (cm³) 14,200 cm³ 4,100 cm³ 71% Size Reduction



Cooling Architecture Requirement Active Liquid Chillers
Forced Air / Simple
Loop

Eliminates Chiller Overhead

4. Critical Implementation Guidelines

4.1. Minimizing Loop Inductance to Stabilize Junction Temperature

Because Quest Semi's ultra-high-voltage MOSFETs switch massive currents within nanoseconds, high di/dt

rates can interact with stray circuit inductance, triggering transient voltage overshoots. Designers must keep

loop stray inductance strictly under 15 nH by utilizing laminated bus bars and placing high-frequency ceramic

snubber capacitors as close to the terminal pins as possible.

4.2. Thermal Interface Material (TIM) Selection

Silicon Carbide's smaller die footprint concentrates thermal loads over a reduced physical plane. Achieving

peak efficiency requires phase-change TIMs or high-performance pastes with a bulk thermal conductivity ≥ 6.0

W/m·K coupled with precise mounting torques to clear residual air gaps.

4.3. Gate Driver Protection Against High dv/dt Noise

Aggressive switching intervals produce severe dv/dt transients exceeding 50 kV/µs. To protect control

topologies from parasitic cross-conduction or latch-up risks, designers should pair components with isolated

gate drivers carrying a Common Mode Transient Immunity (CMTI) rating of ≥ 150 kV/µs.

5. Conclusion

Integrating Quest Semi's 5kV and 10kV Silicon Carbide platforms into utility-scale bidirectional BESS

converters directly transforms system-level economics. Lower intrinsic losses combined with faster thermal

dissipation allow engineers to design around compact magnetic components, scale down liquid chiller profiles,

and safely packing higher megawatt-hour limits within tighter field enclosures.
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