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We examine the way the charge carriers are transported and recombine in n-type GaSb-based  and  GaAs-based resonant tunneling diodes(RTD). The first diode has an prewell in the emitter side and is studied under dark and different power illumination conditions. The second diode has an smaller gap layer at the collector side and the charge accumulation in the emitter side occurs in a triangular well at the interface. The optoelectronic characteristics at cryogenic temperatures are analyzed using electronic transport measurements in combination with electroluminescence (EL) spectroscopy, which expose features of the carriers dynamics inside these structures.  


The light emissions in these structures can be modulated by the bias and by laser intensity as the population of heavy holes increases out of the quantum well region, in particular within the GaSb layers, of the first diode type. Due to the n-type doping in the structures, radiative recombination  is mainly governed by electrons passing through the layers, which produce emission lines along the spectral range of 1.1 m to 1.6 m, thus resolving the charge accumulation in particular regions of the device. We are able to correlate the optical and electrical responses and assess how the charge buildup, produced in the prewell of the first sample, in the quantum well and in the depletion regions, affects the efficiency of light emission in the GaSb-based structure. Furthermore, in order to characterize optical decay times, we use time-resolved photoluminescence (TRPL) spectroscopy which enabled to asses the minority and majority carrier dynamics and provided further insights into the complex carrier transport and recombination processes along the RTD heterostructure we demonstrate the existence of a fast non-radiative electron-hole pair relaxation process and a slow heavy hole relaxation dynamic, which can be unveiled under contrasting current conditions. 
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