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Abstract
First, TEMs were developed in the 1930s and 1940s to observe samples (mainly biological) at higher resolutions than optical microscopes. In the 1970s and 1980s, pioneering work added analytical capabilities to electron microscopes through techniques such as X-ray spectroscopy and electron energy loss spectroscopy (EELS) to identify biological markers, as well as the composition of metals and rocks. By the early 2000s, resolution had significantly improved in terms of both spatial and energy resolution, enabling the probing of atomic composition in materials.
Eighty years ago, obtaining higher resolution images was key to advancing science. In the 1990s and 2000s, generating chemical maps became critical for semiconductor development, such as mapping oxygen gates in semiconductors. The last decade has seen the emergence of key scientific fields that cannot be directly related to the objectives that were paramount thirty years ago. Nowadays, many modern scientific fields require a major rethinking of our characterization approaches. Areas such as polymer based drug delivery systems, single-atom catalyst systems, organic LEDs, quantum computing, and nanophotonics are all significant fields driving our future. We are not merely focused on obtaining higher resolution images or chemical maps; such information provides only limited relevant insights, and we must concentrate on “effective characterization.” Moreover, modern equipment has reached a point where the range of accessible capabilities is so vast that designing focused experiments with precise goals is more important than ever.
In this lecture, we will discuss how scientists can adopt a goal-oriented approach when designing their experiments and navigate the multitude of possibilities offered by new equipment and the complexities of modern science. We will explore examples of how contemporary research can benefit from electron microscopy techniques and gain insight into the true modern limitations of electron microscopy.
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