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China's Ascendancy in EV Motor Driver Units:
Local SiC & IGBT Power Electronics Leadership,

Component Strategies & 15-Year Evolution
(2011–2026)

Deep Dive into BYD Semiconductor, CRRC Times Electric & StarPower — Compared to Infineon,
Wolfspeed & Western Analogs

Rigorous Technical Analysis for Power Electronics & Automotive Engineers | | Brisbane, AU

Executive Summary
Over the past 15 years, China's EV motor driver (traction inverter) power electronics have transformed from heavy reliance
on imported silicon IGBT modules (~80%+ foreign share in 2011, led by Infineon) to domestic leadership by 2026. BYD
Semiconductor now commands ~29–35% of China's automotive power module market (overtaking Infineon at ~10–14%),
with CRRC Times Electric and StarPower Semiconductor as the other top-tier local players supplying BYD, NIO, XPeng, Li
Auto, and commercial EV platforms. This article data-mines 2025–2026 Chinese sources (Yole Développement reports,
CNVPost, company whitepapers, ResearchAndMarkets Automotive-Grade SiC/IGBT 2025 report, CRRC/StarPower/BYD
Semiconductor disclosures, and patent landscapes) to detail component choices, specs, design trends, and evolutionary
milestones. Key enablers: Vertical integration (BYD model), aggressive SiC adoption (1200V/1500V modules with
double-sided sintering and laser-welded busbars achieving 99.86% inverter efficiency and 75% lower stray inductance),
pin-fin/direct cooling, and policy-driven localization. Compared to Western analogs (Infineon HybridPACK Drive CoolSiC,
Wolfspeed XM3), Chinese leaders now match or exceed in power density (+30% in same footprint for BYD 1040A SiC vs
prior), thermal performance, and cost, while closing the reliability gap. For high-level engineers, this provides actionable
specs tables, efficiency/power-density quantifications, and forward roadmap for 800V–1000V+ architectures.

2026 CHINA EV TRACTION INVERTER SNAPSHOT: BYD supplies 70–90% internal SiC/IGBT needs | Market leader
domestic share 28.9%+ (2023) rising | SiC modules: 1200V 1040A (BYD, +30% power same package) |
CRRC/StarPower 750–1200V pin-fin IGBT/SiC | Inverter eff up to 99.86% | Power density ~28 kW/L (3.5× 2011 levels) |
800V/1000V platforms mainstream with 1500V SiC capability.

1. 15-Year Evolutionary Arc: From Imported Si IGBT to Domestic SiC
Dominance (2011–2026)
2011–2015 (Si IGBT Era, Import-Dependent): Traction inverters relied on 600–1200V silicon IGBT modules (planar or
early trench FS tech) from Infineon, Mitsubishi, Fuji. Typical inverter efficiency 94–96% peak, power density ~8–10 kW/L,
heavy liquid cooling, high switching losses (~2–3% at 10–20 kHz). Chinese OEMs (early BYD, SAIC) imported >80%
modules. BYD Semiconductor founded R&D; 2005; first IGBT 1.0 chip 2009. CRRC (rail heritage) and StarPower (founded
2005) focused on industrial/rail modules. Western lead in automotive qualification (AQG-324 precursors).

2016–2020 (Improved Si + Early SiC Pilots): BYD IGBT 4.0 (2018, planar gate, 20% lower losses, 10× cycle life) and 5.0
(2020, trench FS). Tesla Model 3 (2018) pioneered SiC in production (~5–8% system eff gain). Chinese pilots: BYD first
1200V 840A SiC module 2020 for high-end models. Market share: Infineon ~45–58% China, domestic rising to ~40% via
CRRC/StarPower/BYD. 800V architectures emerging (Porsche Taycan, then Chinese).

2021–2024 (SiC Acceleration & Localization Surge): BYD 1200V 1040A SiC (+30% power same footprint, double-sided
sintering). StarPower/CRRC launch automotive-grade SiC 750/1200V modules. BYD overtakes Infineon as #1 China
automotive power module supplier (28.9% vs 14.5% in 2023). 8-in-1/12-in-1 integrated e-axles with local SiC. Policy (Made
in China 2025, EV subsidies tied to localization) accelerates. Western response: Infineon HybridPACK Drive CoolSiC
scale-up, Wolfspeed capacity.

2025–2026 (Mature Domestic SiC Leadership): BYD 1500V SiC for 1000V+ platforms, laminated laser welding (75%
lower stray L, 99.86% eff, +10% current). CRRC/StarPower full automotive SiC portfolios with pin-fin, AQG-324/IATF16949.
Chinese share >55–60% domestic EV modules. Global impact: Chinese exports rising, cost parity achieved for many SiC
SKUs. Efficiency gains 4–6+ pp vs 2015 IGBT baselines; power density ~28 kW/L.
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Figure 1: China EV Power Module Market Share (IGBT + SiC). BYD Semiconductor's vertical integration and rapid SiC ramp drove domestic
overtake of Infineon by 2023; CRRC & StarPower fill high-power/commercial segments. (Data: Yole, Caixin, ResearchAndMarkets 2025).

2. Top 3 Chinese Market Leaders for BYD & Peers: Components & Specs
Based on 2025–2026 data (Yole, company disclosures, CNVPost, TechInsights), the dominant local suppliers for EV motor
drivers in BYD, NIO-family, and commercial fleets are BYD Semiconductor (largest, vertical), CRRC Times Electric
(high-power rail-to-EV), and StarPower Semiconductor (high-density modules). They emphasize cost-optimized
SiC/IGBT with advanced packaging tailored to Chinese 800V+ platforms.

2.1 BYD Semiconductor (BYD's Captive + Merchant Leader)

Vertical integration flagship: Supplies 70–90% of BYD's IGBT/SiC. IGBT lineage: 1.0 (2009) → 6.0 (2022, near-Infineon
parity). SiC focus since ~2018. Flagship modules for traction inverters (motor drivers). Key 2026-relevant products: 1200V
840A (2020, three-phase full-bridge, motor drive controller) and 1200V 1040A HPD (2022, +30% power same package via
double-sided sintering; later versions with laminated laser-welded busbar reducing stray inductance 75%, max eff 99.86%,
+10% current capacity). Also discrete 1200V SiC MOSFETs (e.g., BSC020N12NS7 ~2.0 mΩ @200A TO-264 for
high-power traction; BSC040N12NS7 4.0 mΩ/100A). Gate driver BF1181 (1200V isolated, magnetic, for IGBT/SiC). 1500V
SiC capability for next-gen 1000V platforms. Strengths: Cost leadership, rapid iteration, full ecosystem control
(chip-to-module-to-inverter).

2.2 CRRC Times Electric (Zhuzhou CRRC / Times Electric)

Rail heritage powerhouse expanding to passenger/commercial EV. EV IGBT line: 750V–1200V (flat base or pin-fin for high
power), 6th-gen IGBT chip, double-sided cooling options, extra emitter for di/dt sensing, AQG-324/IATF16949 automotive
qualified. Examples: 600A/1200V, 800A/750V, high-current pin-fin variants for buses/trucks. SiC development active
(three-level inverter modules for rail/EV, patents on SiC traction). Strengths: High-power robustness (>MW class heritage),
thermal excellence (pin-fin + direct cooling), reliability in harsh environments. Supplies major Chinese OEMs and exports.

2.3 StarPower Semiconductor (Jiaxing)

Dedicated power module specialist (founded 2005). Broad portfolio: IGBT 600–1700V up to 3600A; SiC 750V/1200V for EV
high-frequency/low-loss. Automotive N5 series 750V IGBT: 660A/820A/1000A (GD660HTA75P7H etc.),
half-bridge/multi-chip parallel, pin-fin full-copper base + SiN substrate, stray L <6.5 nH, trench low-Vce(sat), 6 µs SC
capability, 175°C Tj, AQG-324 qualified. 1200V three-phase examples (e.g., 260A). SiC modules for EV inverters. JV with
Deepal for local chip production. Strengths: High power density, low inductance packaging, competitive pricing for
mass-market EVs.
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Figure 2: Representative CRRC Times Electric EV IGBT module (pin-fin/flat base variants, 750–1200V automotive grade). Similar packaging used
by StarPower N5 series.

Figure 3: Cutaway of integrated EV power electronics (representative of BYD 8-in-1 or 12-in-1 e-axle with local SiC inverter stage). Shows dense
power module integration with cooling and control.

2.4 Comparative Specs Table: Chinese Leaders vs Western Analogs (2026-Relevant Traction
Modules)

Parameter BYD 1200V 1040A SiC
HPD

CRRC 1200V ~600A IGBT
Pin-fin

StarPower N5 750V
1000A IGBT

Infineon HybridPACK
Drive CoolSiC 1200V

Wolfspeed XM3 SiC
equiv. ~1200V

Voltage / Current (typ)1200 V / 1040 A 1200 V / 600 A 750 V / 1000 A 1200 V / ~400–800 A scalable1200 V / high (module)

Technology SiC MOSFET, double-sided sinter, laser-weld busbar6th-gen Si IGBT, pin-fin/direct coolTrench Si IGBT, pin-fin Cu + SiNCoolSiC MOSFET, advanced packGen4 SiC MOSFET, high perf pack

Power Rating (approx cont.)~250+ kW (higher density)~180 kW ~220 kW 100–300 kW scalable ~200–250 kW

Key Loss Metric ~2.0 mΩ Rds(on) class (discrete equiv.); module eff 99.86%Low Vce(sat) 6th-gen (~1.8 V typ)Low Vce(sat) trench, <6.5 nH LLow Rds(on) CoolSiC Lowest switching loss Gen4

Thermal / Packaging Double-sided sintering; 75% lower stray LPin-fin, double-sided cool optionFull Cu pin-fin, <6.5 nH, 175°CPin-fin/direct cool optionsHigh thermal cond. substrate

Qualification Automotive (internal + AQG)AQG-324 / IATF16949AQG-324, 175°C Tj AQG-324, high volume provenAutomotive qualified

Unique Edge (2026) +30% power same footprint; 99.86% eff; vertical integrationHigh-power rail heritage; robust thermalHigh-density N5; cost-competitiveScalable HybridPACK; fusion Si+SiC optionProven SiC leadership; high cycling

Typical Application (BYD-like)BYD 800V/1000V premium BEV invertersCommercial EV / high-power passengerMass-market passenger EV invertersGlobal OEM traction (Rivian etc.)Premium EV inverters (Tesla heritage)
Table 1: Head-to-head specs (synthesized from BYD/CNVPost disclosures, CRRC/StarPower datasheets, Infineon/Wolfspeed 2025–2026

portfolios, Yole). Chinese modules excel in power density/cost for local platforms; Western in proven scale/reliability. Losses and thermal are
competitive or superior in latest Chinese SiC.
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Figure 4: Quantitative leap — SiC delivers 4–6+ pp efficiency uplift and ~3.5× power density vs 2011 Si IGBT baselines. Chinese 2026
implementations (BYD HPD, CRRC/StarPower pin-fin) achieve or exceed Western benchmarks at lower cost.

P&A International | Brisbane, AU



EV Power Electronics Analysis | China Localization 2011-2026 LinkedIn Engineering Series

Page 5 | © 2026

3. 2025–2026 Design Trends & Component Choices in Chinese EV Motor
Drivers
Architecture: 800V (mainstream) to 1000V+ platforms with 1200–1500V SiC for traction inverters. Integrated 8-in-1 /
12-in-1 e-axles (motor + inverter + gearbox + PDU + OBC/DC-DC) using local SiC modules reduce volume/weight 20–30%.
BYD leads with Blade-compatible and DM-i hybrid inverters.

Power Stage: Full SiC MOSFET modules (three-phase bridge/HPD) preferred for >150 kW; hybrid Si+SiC (Infineon Fusion
style, or Chinese equivalents) for cost-sensitive. Double-sided sintering/Ag sintering for thermal interface (vs traditional
solder). Laminated busbar laser welding (BYD innovation) cuts stray inductance 75% vs bolted, enabling higher
freq/switching speeds with lower EMI/losses.

Thermal Management: Pin-fin cold plates (CRRC/StarPower N5, full Cu or optimized), direct liquid cooling, vapor
chambers in dense packs. Tj max 175°C standard. Enables sustained high power without derating in hot climates (China
domestic + export).

Control & Drivers: Local gate drivers (BYD BF1181 1200V isolated magnetic) + high-performance MCUs (often TI or local
equivalents). Advanced features: predictive current control, adaptive dead-time, real-time telemetry for SiC (critical for
reliability).

Localization & Supply Chain: >70% domestic content target achieved via BYD vertical (wafer to module),
CRRC/StarPower partnerships (e.g., Deepal JV), and policy. Reduces geopolitical risk vs pure Western supply. Cost:
Chinese SiC modules 20–40% lower than equivalent Western at volume.

Figure 5: Normalized specs across leaders. Chinese modules deliver competitive or superior power/thermal at targeted voltage/current; Western
edge in ultra-low loss maturity. Data proxies from public specs and reports.

4. Chinese vs Western: Strengths, Gaps & Strategic Implications
Chinese Advantages (2026): Cost (20–40% lower), power density (BYD +30% same footprint), integration speed (vertical
+ policy), thermal innovations (double-sided, laser weld), and scale for domestic 20M+ annual EV production. BYD model
proves full-stack control (battery to inverter) yields system-level optimization (e.g., 99.86% eff). CRRC/StarPower excel in
high-power/commercial where robustness > peak eff.

Western Strengths: Proven field reliability (millions of HybridPACK shipped since 2017), global qualification ecosystem,
advanced packaging maturity (e.g., Infineon Fusion Si+SiC for cost-eff balance), and R&D; depth (Wolfspeed Gen4 SiC).
Still preferred for some premium export or conservative OEMs. However, share erosion in China is structural.

Gaps & Risks for Chinese: Long-term reliability data still maturing vs Western incumbents (though AQG-324 qualified and
improving via 6th-gen/Gen4 equiv.). IP/patent landscapes show Chinese acceleration but Western/Japanese lead in
foundational SiC (Fuji, Mitsubishi, Wolfspeed). Export barriers (tariffs, standards) persist.
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Outlook 2027+: Continued SiC penetration (GaN limited to OBC/aux < few kW). Monolithic integration, higher voltage
(1700V+), AI-optimized control, and sustainability (recyclable modules). Chinese leaders positioned to capture global share
as cost leaders with performance parity. Engineers specifying systems should evaluate local modules for cost-sensitive
high-volume; hybrid Western+Chinese for risk mitigation in critical apps.

5. Conclusion & Recommendations
The 15-year journey from 2011 import dependence to 2026 domestic leadership exemplifies China's power electronics
strategy: patient vertical investment (BYD since 2005), targeted acquisition of know-how, aggressive WBG adoption, and
policy alignment. For BYD and peers, local modules (BYD 1040A SiC, CRRC pin-fin IGBT, StarPower N5) deliver
world-class efficiency, density, and cost for motor drivers. Western analogs remain benchmarks for reliability and global
supply but face share pressure. High-level engineers should prioritize 1200V+ SiC with advanced packaging (sintering,
low-inductance) for new 800V+ platforms, validate via AQG-324 + long-term cycling, and model total cost of ownership
including localization benefits. The era of Chinese power electronics self-sufficiency in EVs is not aspirational—it is
operational reality in 2026.

Primary Sources (2025–2026 Chinese & Global)

• Yole Développement / ResearchAndMarkets: Automotive-Grade Power Semiconductor & Module (SiC, GaN) 2025
Report — market shares, BYD/CRRC/StarPower profiles.

• CNVPost / Gasgoo: BYD Semiconductor 1200V 1040A SiC launch (2022 updates 2025–26), 99.86% eff claims, laser
weld tech.

• CRRC TEIC / StarPower official: EV IGBT/SiC module datasheets (pin-fin, N5 series, AQG-324).

• TechInsights / Caixin: China power device supplier analysis 2025 (BYD 28.9% share 2023).

• Patent landscapes (Patsnap): CRRC SiC traction, BYD SiC module filings 2022–2025.

• Infineon / Wolfspeed 2025–2026 portfolios: HybridPACK Drive CoolSiC / XM3 specs for benchmarking.

• Additional: IEEE/MDPI papers on SiC vs IGBT EV inverters; company investor materials.

Disclaimer: Specs synthesized from public disclosures, teardowns, and reports as of May 2026. Actual performance varies with system integration,
cooling, and firmware. For design, consult latest datasheets from BYD Semiconductor, CRRC Times Electric, StarPower, Infineon, and Wolfspeed.

This analysis is for educational/professional development; no endorsement implied.

P&A International | Brisbane, AU


