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Abstract: This study offers a comprehensive evaluation of the role and impact of advanced power semiconductors in solar
module systems. Focusing on silicon carbide (SiC) and gallium nitride (GaN) materials, it highlights their superiority over
traditional silicon in enhancing system efficiency and reliability. The research underscores the growing industry demand for
high-performance semiconductors, driven by global sustainable energy goals. This shift is crucial for overcoming the limitations

of conventional solar technology, paving the way for more efficient, economically viable, and environmentally sustainable solar

energy solutions. The findings suggest significant potential for these advanced materials in shaping the future of solar power

technology.
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Fig. 1. The depletion of fossil energy sources due to the increase in global energy demand and the future trends in electricity generation from

renewable energy sources [3].
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Fig. 2. Various device applications as a function of different power
semiconductor materials [7].
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Table 1. Comparison of physical properties of power semiconductor materials [8].

Properties Si SiC GaAs GaN
Crystal structure Diamond Hexagonal Zincblende Hexagonal
Energy gap (eV), Ec 1.12 3.26 1.43 3.5
Electron mobility (cm?/Vs), un 1,400 900 8,500 1,250
Hole mobility (cm?/Vs), up 600 100 400 200
Breakdown field (V/cm) X 10, Es 0.3 3 0.4 3
Thermal conductivity (W/cm°C) 1.5 4.9 0.5 1.3
Saturation drift velocity (cm/s) X108, vs 1 2.7 2 2.7
Relative dielectric constant, & 11.8 9.7 12.8 9.5
p, n control O O O A
Thermal oxide O O X X
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Structure
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—_—
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(L Collector (L Collector £ Collector
Carrier Electrons and positive holes | Electrons and positive holes Electrons only
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S randing O © X
Operating frequency Low Several kHz to 20 kHz Several kHz to 300 kHz

Fig. 3. Comparison of basic structures of major power semiconductor (bipolar transistor, IGBT, power MOSFET) devices [19].
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