Charge Carrier Trapping and Acoustic Phonon Modes in Single CdTe Nanowires
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Semiconductor nanowires (NW) are promising materials for a variety of applications such as solar cells,1 lasers,2 logic gates3 and transport of charge carriers.4 Despite the many examples of NW-based devices, and improved synthetic methods allowing the production of high quality structures, the fundamental processes occurring in these materials, such as exciton dephasing, are little understood.  Studies on ultrafast dynamics in NWs are few, and have being mainly confined to a small number of materials, such as Cadmium Chalcogenides and ZnO.5-9,10,11 The majority of the ultrafast studies of semiconductor nanostructures have been ensemble measurements, that yield average rate constants for charge carrier relaxation.12 Such measurements show that a variety of effects, such as surface chemistry and composition, can cause large changes in the charge carrier dynamics, but they are not capable of revealing whether there are differences in the dynamics within the ensemble.  In this poster, we use transient absorption microscopy to study the ultrafast dynamics in single CdTe NWs. We report a distribution of charge carrier trapping times, and show that the dynamics are strongly influence by trap-filling.13 In addition, coherently excited acoustic phonon modes, which are assigned to breathing modes of the NWs, are observed in our measurements. Acoustic modes have been observed in colloidal quantum dots (QD) using frequency-domain14 and time-domain techniques.15-19 However, acoustic phonon modes have not been reported so far for solution-based NWs.  Furthermore, our measurements are the first observation of coherently excited phonon modes in single semiconductor nanostructures.  The measured decay times give fundamental information about energy relaxation in these materials.
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