Experimental tunnel-barrier rectifiers for IR energy harvesting
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We present experimental results of thin film metal-insulator-metal (MIM) rectifiers realised with nano-scale multiple layer insulator structures. Such devices are widely investigated for next-generation optical rectennas for infrared (IR) energy harvesting. This concept captured the attention of many research groups due to its potential for nanoscale fabrication, room temperature and low-voltage operation as well as the compatibility with complementary metal oxide semiconductor technology [1]. It is critical to achieve a high device asymmetry and nonlinear current-voltage characteristics at lower biasing voltages in addition to low device resistance and capacitance for efficient energy conversion. In this paper, we present double and triple barrier MIIM and MIIIM structures engineered to obtain good rectification properties at low voltage regime          (< 1 V). Typically, this can be achieved by either resonant tunnelling or step tunnelling. In addition to the MIIM structures with similar electrodes, it was attempted to shift the rectification reversal point where resonance becomes dominant. This was achieved by applying a work function difference of up to 0.6 eV between the metal electrodes (Nb/Ag, Nb/W, Ta/Ag, Ta/Cr) of MIIM structures. A large device asymmetry of 38 at 0.15 V and a responsivity of 8 A/W at 0.2 V in advance to state-of-the-art were achieved for Nb/Nb2O5/Al2O3/Ag and Ta/Ta2O5/Al2O3/Ag structures, respectively. Furthermore, a device asymmetry of 11.5 at 0.1 V and a responsivity of 5.1 A/W were obtained for the novel Al/Ta2O5/Nb2O5/Al2O3/Al MIIIM structure. The low voltage state-of-the-art results obtained for these structures suggest a possibility of implementing these rectifiers in future IR energy harvesting rectenna devices. 
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