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Excellent fundamental material properties as well as recent significant success in the growth of high-quality single crystals make ZnO an ideal candidate for a range of (opto)electronic device applications. However, in addition to desired fundamental properties, the fabrication of ZnO-based (opto)electronic devices obviously requires development of a device processing technology. Indeed, at present, there are significant challenges for processing ZnO including electrical doping, metallization, and electrical isolation. 


Ion implantation – a powerful device processing tool – can be used for selective-area doping and electrical isolation. In the latter case, ion irradiation can render the material highly resistive under appropriate conditions. In this presentation, we demonstrate irradiation-induced formation of highly resistive layers of ZnO. We study in-situ the evolution of sheet resistance of n-type single-crystal wurtzite ZnO epilayers bombarded with MeV 1H, 7Li, 16O, and 28Si ions at room temperature. We demonstrate that sheet resistance of ZnO can be increased by about 7 orders of magnitude as a result of ion irradiation. Such irradiation with MeV ions has allowed us to separate the effects of defect isolation from chemical isolation and to avoid the formation of a layer with substantial defect-induced (hopping) conduction, which inevitably forms at the ion end-of-range region in the case of keV implants and usually complicates the interpretation of data. 


Results also show that, due to extremely efficient dynamic annealing in ZnO, the ion doses needed for isolation of this material are about 2 orders of magnitude larger than corresponding doses in the case of another wide band-gap semiconductor – GaN. Moreover, the ion doses necessary for electrical isolation close-to-inversely depend on the number of ion-beam-generated atomic displacements. However, in all the cases studied, defect-induced electrical isolation of ZnO is unstable to rapid thermal annealing at temperatures above ~ 300 oC, and sheet resistance can be completely recovered to its value before ion irradiation by annealing at ~ 650 oC. 

