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Abstract: Gallium oxide (Ga:0s) is emerging as a next-generation power semiconductor material due to its excellent electrical

properties, including an ultra-wide bandgap of approximately 4.8 eV and a breakdown electric field of about 7 MV/cm. However,

its low thermal conductivity of around 0.13 W/cmK presents significant challenges to the performance and reliability of Ga.0s-

based devices. In this study, we employed the Silvaco TCAD simulator to analyze the thermal and electrical characteristics of

Gaz0s Schottky barrier diodes (SBDs) with heat sinks of varying thermal conductivities. The results demonstrate that heat sinks

with higher thermal conductivity effectively mitigate the temperature rise in the device, leading to an increase in current density.

The limitation in heat dissipation due to parasitic on-state resistance not only affects device performance but also impacts long-

term reliability. Therefore, this study contributes to the development of effective thermal management strategies for Ga2Os-based

power semiconductors.
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Fig. 1. Structure of thermal management simulation in Ga203; SBDs: (a) device A, (b) device B, (¢) device C, and (d) device D applied SiO»,

SiN, AOs, and AIN, respectively.
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Table 1. Simulation parameters for the GaxOs and thermal
management materials.

Parameters  Gax03 SiO2 SiN ALOs AIN
Bandgap
4.80 9.00 4.70 9.00 6.16

energy (eV)
Permittivi

ermitivity 3.9 7.5 9.3 8.5
(V/m)

Thermal
conductivity  0.13 0.014 0.185 0.29 2.20
(W/cmK)

Electron

affinity 4.0 0.9 2.6 0.9 3.05
(KJ/mol)
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Fig. 2. Comparison between the global device temperatures of
different thermal management materials.
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Fig. 3. (a) Thermal distribution and (b) lattice temperature profile
along the y-axis from surface to 17 um depth at x=2.5 pm for device
A, B, C, and D.
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Fig. 4. (a) Current density distribution at 10 V and (b) current density
of device A, B, C, and D.
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Fig. 5. Temperature, current density, and thermal resistance at 10 V
for the type of thermal management materials.
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