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Over the last decade Low Energy Electron Microscopy (LEEM) and its cousin Photo Electron Emission Microscopy (PEEM) have developed into powerful, quantitative tools for the study of surfaces, thin films, and interfaces with high spatial and temporal resolution. LEEM and PEEM take advantage of an immersion-type objective lens where the sample is placed in a strong electrostatic field that rapidly accelerates the low energy electrons away from the sample, forming an image with several nm resolution. The resolution improves with increasing strength of the electrostatic field, and present instruments work close to or at the practical limit of 100 kV/cm.

Even at these field strengths, it is possible to obtain images at elevated sample temperatures, up to 1500 Celsius, and in the presence of molecular beams and/or reactive gases, up to a pressure of a few times 10^-5 Torr. These experimental conditions make it possible to study the dynamics of crystal growth, etching, interface formation, etc under conditions that are often representative of typical processing conditions.  The low electron energies incident upon or emitted from the sample surface give rise to high surface sensitivity, and radiation effects that can easily be minimized or even eliminated altogether. Thus, it is possible to study not only sturdy inorganic materials, but also much more fragile organic thin films.

I will present several examples of applications of LEEM, including the growth of pentacene films on Si substrates, the spontaneous formation of SiGe quantum dots on Si(001), and the formation of 2D surface alloys. I will also briefly discuss the outlook and opportunities for further instrument development and improvement.
