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ABSTRACT
The applications of transmission electron microscopy (TEM) are increasingly aimed at investigations on a nanometer length scale and below. While structural information at the nanoscale is revealed by high resolution TEM (HRTEM), analytical information is crucial for understanding materials properties exhibited by nano-sized structures. Energy-filtering transmission electron microscopy (EFTEM) is an analytical approach that obtains chemical information, with its two-dimensional resolution reaching atomic levels.1 For example, important structural characteristics of functional materials, such as nanometer thick dielectric layers in MOSFETs with decreasing device dimensions, and nano-sized precipitates at grain boundaries of matrix materials, have been studied by EFTEM. On the basis of electron energy loss spectroscopy (EELS) – which measures the energy loss of inelastic scattered electrons that have interacted with atoms in a specimen – a TEM equipped with an energy filter provides a three-dimensional data space where two axes represent the X-Y position on the specimen and the third axis shows the electron energy loss. By filtering electrons undergoing various energy losses, EFTEM allows zero loss imaging, low-loss imaging, and elemental mapping, applicable to wide range of applications in materials science and biology. However, due to imperfections in the electron optics, delocalization of inelastic scattering, statistical noise, beam damage, and instrumental instability, EFTEM suffers from limited spatial resolution. In this presentation, I will discuss these aspects in detail, and suggest improvements to the approach that will push this technique’s abilities to the atomic level.
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