The Dawn of the Era of Gallium Oxide Based Space Electronics?
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Recently there has been a sharp rise in the number of publications focused on the ultra wide bandgap (UWBG) (Eg = 4.9 eV) semiconductor, gallium oxide (Ga2O3).  This increase in research interest is due to it having a distinctive property set, along with a number of recent breakthroughs, including the growth of relatively large single-crystal substrates (up to 6 inches in diameter) and the demonstration of tunable n-type doping with reasonably high mobilities [1]. These properties/potentialities have generated considerable interest in the adoption of β-Ga2O3 in a number of important technological applications ranging from solar transparent electrodes and gas sensors to LEDs, power/switching electronics and UVC photodetectors.  With regards to space applications,-Ga2O3-based photodetectors have emerged as promising candidates to overcome current technological limits for UVC detection. Indeed, space-based monitoring of UVC solar radiation, and, more specifically, the Herzberg continuum (200-242nm), is fundamental to understand its’ impact on the earth’s climate and build better chemistry-climate models [2]. It is also, however, extremely challenging to achieve due to the harsh operating environment including large thermal variations, high energy particles, ionizing radiation and filter contamination due to satellite outgassing. -Ga2O3 is a good fit to these challenges because it is intrinsically solar blind, extremely radiation-hard, thermally-robust.  The authors have recently shown that -Ga2O3’s bandgap can be engineered upwards through Al alloying so as to obtain optical responses down to 200nm [3,5] – see Figures 1 and 2. This allows the realization of -(Al)Ga2O3-based photodetectors with peak operating wavelengths which capture the Herzberg continuum selectively and thus, dispenses with the need for short pass filters. Earlier this year, 220nm (Al)Ga2O3-based photodetectors developed by Nanovation were launched into space on the INSPIRE-Sat 7 cube sat in order to monitor the Herzberg continuum from a low Earth orbit  [5,6].  This deployment represents an important milestone and could be the precursor of commercial applications for Ga2O3 (both spatial and terrestrial).  This talk will give an introduction to the materials/market potential and the state-of-the-art in Ga2O3 based device/application development, with a particular emphasis on the potential for operation in extreme conditions such as those in power or space-based electronics.
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Fig. 2  Normalised spectral response of β-(Al)Ga2O3 photodetectors showing that peak position can be tuned from 200 to 240nm through Al content control.











Fig. 1  Illustration of the bandgap engineering range possible with -Ga2O3 (through addition of In or Al) in contrast to the possibilities offered by alternative WBG and UWBG semiconductors [1].











