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In spite of huge efforts homoepitaxial growth of GaN still seems to be far from a production routine. Due to the lack of homosubstrates GaN growth is usually performed on hetero​substrates as sapphire and SiC. Both substrates have a large lattice and thermal mismatch to GaN and are electrically insulating or very expensive. Silicon is an alternative to these substrates especially because of its low price and electrically and thermally well conducting properties. It also enables new device structures by an integration of GaN-based optoelectronics with Si electronics. However, two severe problems have to be solved: firstly the meltback etching effect due to the strong chemical recaction between Si and Ga at high temperatures, and secondly the thermal mismatch leading to cracks for layers exceeding 1 µm in thickness and thus preventing high quality device growth. Meltback etching can be overcome by using a low temperature AlN buffer layer and by avoiding cracks. The latter can be accomplished completely by selective growth in fields around 200x200 µm2 or by introducing ~10-15 nanometer thick low-temperature AlN interlayers. Especially AlN inter​layers are interesting for GaN growth since these layers lead to a decoupling of the structure while improving the crystalline properties thus enabling very thick GaN layers on Si. 

As for sapphire and SiC the lattice mismatch of Si to GaN is large and induces a high dislocation density. A reduction of dislocations can be already achieved by stress-reducing AlN interlayers. A further reduction can be achieved by an in-situ masking of the GaN layer e.g. with a silicon nitride mask deposited using silane and ammonia in the growth chamber. On this mask a nano-epitaxial lateral overgrowth can be performed partly blocking dislocations. To reduce the initially very high dislocation density of GaN such a SiN in-situ mask can be also applied directly on the seed layer. With such a masking applied directly on the seed layer we observe a significant reduction in tensile stress and an enhancement of near bandgap room temperature PL intensity.

Thick (3 µm) light emitter structures in the blue and green can be grown free of cracks on 2 inch Si wafers. The light output which is mostly limited by substrate absorption is currently at 0.42 mW at 20mA and 498 nm. A significant improvement can be expected for LEDs when the substrate is removed which can be easily performed by etching or grinding paving the way to high power light emitters. 

AlGaN/GaN field-effect transistor structures on Si show high electron mobilities of 1590 cm2/Vs at a carrier concentration of 6.7x1012 cm-2. 
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