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EXECUTIVE SUMMARY & MICROARCHITECTURAL SCOPE

Beta-Gallium Oxide (3-Ga203) has emerged as the premier Ultra-Wide Bandgap (UWBG) semiconductor, boasting an energy bandgap of 4.8 eV and a
theoretical critical breakdown field of 8.0 MV/cm—more than double that of GaN and SiC. Uniquely among wide-bandgap materials, B-Ga203 can be
grown from molten liquid at atmospheric pressure, promising dramatic wafer cost reductions for electric vehicle powertrains, high-voltage grid
transmission, and multi-megawatt Al datacenter power supplies.

Beta-Gallium Oxide
Material Property Silicon (Si) 4H-Silicon Carbide (SiC) Gallium Nitride (GaN) (B-Ga203)

Energy Bandgap (Eg) 1.12eV 3.26 eV 3.40eV 4.85 eV (Ultra-Wide)
Critical Breakdown Field 0.3 MV/cm 2.5 MV/cm 3.3 MV/cm 8.0 MV/cm
Baliga Figure of Merit
(BFOM) 1.0 340 870 3,214 (Extreme Efficiency)
Melt-Grown (EFG /
Substrate Growth Method Czochralski Melt Sublimation (Expensive) Heteroepitaxy / HVPE Czochralski)
13 - 27 W/m-K (Thermal
Bulk Thermal Conductivity 150 W/m-K 490 W/m-K 230 W/m-K Bottleneck)
Theoretical On-Resistance High Low Very Low Ultra-Low (0.1x SiC)

1. Ultra-Wide Bandgap Device Physics

The performance of power MOSFETSs and Schottky barrier diodes is governed by Baliga's Figure of Merit (BFOM = epsilon * mu * E_crit*3), which
determines the specific on-state resistance for a given breakdown voltage. Because breakdown field scales non-linearly with bandgap, f-Ga203
achieves a BFOM exceeding 3,200 times silicon and four times GaN, enabling power switches that operate at kilovolt ratings with negligible conduction
losses.

2. The Melt-Growth Manufacturing Advantage

Unlike SiC, which requires energy-intensive physical vapor transport (sublimation) at temperatures exceeding 2,400°C, -Ga203 can be solidified
directly from liquid melt using standard Czochralski or Edge-defined Film-fed Growth (EFG). This yields high-purity single-crystal 6-inch and 8-inch
wafers at a fraction of the capital expenditure of SiC substrates.
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3. The Thermal Conductivity Bottleneck & Diamond Bonding

The primary physical obstacle preventing immediate commercial adoption of 3-Ga203 is its exceptionally low thermal conductivity (k = 13 to 27
W/m-K), which is an order of magnitude lower than silicon and SiC. To prevent catastrophic thermal runaway, researchers bond sub-micron B-Ga203
active layers directly onto synthetic CVD diamond substrates (k = 2,000 W/m-K) using hydrophilic surface activation, dissipating heat effectively.

4. High-Voltage Power Applications

Demonstration devices have achieved breakdown voltages exceeding 8,000 V with specific on-resistances under 5 mOhm-cm”2. When packaged with
advanced thermal spreaders, 3-Ga203 power modules will revolutionize 800V/1200V electric vehicle inverters, solid-state transformers for green
energy grids, and high-density power delivery units in 50kW Al datacenter server racks.

STRATEGIC ENGINEERING TAKEAWAYS & DEPLOYMENT CHECKLIST

*4.85 eV Bandgap Super-Scaling: Enables 8.0 MV/cm critical electric fields and over 3,200x Baliga Figure of Merit.

* Low-Cost Melt-Growth Substrates: Direct crystallization from liquid melt dramatically lowers manufacturing costs vs. SiC.
* CVD Diamond Thermal Bonding: Heterogeneous wafer bonding resolves bulk thermal dissipation bottlenecks.

« Kilovolt Efficiency: Delivers ultra-low on-state resistance in 800V+ EV powertrains and hyperscale power racks.
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