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Imaging electrons motion in semiconductor materials

Michael K L Man
Okinawa Institute of Science and Technology Graduate University, Japan

Unveiling the fundamental mechanisms in semiconductor devices helps to unlock new paths toward better device performance
and design. One of the key processes behind all device structures, is the internal motion of electrons through semiconductor
materials due to applied electric fields or excitation of photocarriers. The ability to image the motion of electrons would further our
understanding in these charge transfer processes, but requires both high spatial and time resolution. In the study of electron dynamics
in materials, ultrafast optical techniques provide excellent temporal resolution, but are limited to spatial resolution. On the other
hand, electron microscopy techniques provide very good spatial resolution, but offer poor temporal resolution. Here, by combining
femtosecond pump-probe techniques with photoemission electron microscopy, we can track the motion of electrons through space
and time, and gain access to the evolution of these electrons in energy and momentum space. In our recent publication, we have imaged
the flow of electrons from high to low energy states in a InSe/GaAs semiconductor heterostructure shortly after photoexcitation, which
essentially visualized the fundamental operating phenomena of solar cell devices. At the instant of photoexcitation, our measurement
revealed the highly non-equilibrium distribution of photoexcited carriers in energy and space. Thereafter, in response to the out-of-
equilibrium photocarriers, we observed the spatial redistribution of charges, which results in the formation of an internal electric
fields that impede and finally stop the flow of electrons. By stitching together images taken at different time-delays, we created a movie
lasting a few trillionths of a second of the electron transfer process in the photoexcited semiconductor heterostructure. Quantitative
analysis and theoretical modeling of spatial variations in the video provide insight into operation of solar cells, the physics of 2D van
der Waals materials, and other optoelectronic devices in general.
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