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Energy is an important material guarantee to meet the basic needs of human society and sustainable
development. Due to the non-reproducibility of fossil energy and the global attention to the greenhouse
effect, the effective use of solar energy is becoming the primary choice in most countries. Quantum dot
solar cells have many advantages, such as low preparation cost, adjustable band gap and high theoretical
conversion efficiency, and thus have great application potential in the field of solar energy conversion.
However, the photoelectric conversion efficiency is still far lower than the theoretical conversion
efficiency. It is urgent to explore the basic mechanism of low efficiency at the micro scale and provide
guidance for the design of solar cells with high conversion efficiency. This problem poses a theoretical
and technical challenge to modern research methods.

To solve this problem, we developed a new type of in situ photoelectric technique inside microscopy
independently. Based on this technique, the smallest scale quantum dots heterojunction solar cell structure
in the world (including only a nanowire, quantum dots and the electrode) was firstly constructed in the
current status. Under the light field, atomic scale resolution of material structure and in situ measurement
of photocurrent device at the precision of picoampere level can be realized at the same time. The
conversion efficiency of the cell is greatly improved by adjusting the interface area, which reveals that the
interface engineering plays an important role on improving the conversion efficiency of the solar cell. The
research results are helpful to better understand the internal mechanism of high conversion efficiency of
quantum dot heterojunction solar cells and promote the research and optimization design of high
conversion efficiency solar cells and the other related photoelectric devices. At the same time, the results
provide the best experimental conditions for the direct study of nanoscale devices and promote the rapid
development of in situ electron microscopy.
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