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Over the past decade, electron microscopy has become indispensable for studying nano-materials at the atomic-scale. The 
ability to acquire atomic-resolution images with single-atom sensitivity across the periodic table has opened up for 
unprecedented insight into materials science. However, it still has several bottlenecks, one of the most important one is radiation 
damage, since observations at the atomic-level require an intense electron illumination that generally alters the nano-structure 
during observation. The electron-induced alterations are not only particularly pronounced at the nano-materials surface but 
also induces structural defects inside the nano materials as they expose a variety of sites of reduced atomic coordination.  In my 
talk, I will show several important examples on electron beam e�ect in structural materials and functional materials to attract 
the attention of scientists who use TEM to interpret their scienti�c �nding.  

In the quest to suppress electron-induced alterations and to enable dynamical observations, it therefore becomes mandatory 
to exercise control over the electron dose, dose-rate and energy. Here, we will demonstrate the dose rate can be precisely 
controlled via a gun monochromator and the pulse electron source TRACE (time-resolved aberration corrected 
environmental) TEM to be setup in city university via which we are able to record dynamics of soft materials with high space 
time resolution ~10-16 m.sec with preserving the sample in its pristine state.   However, for the single molecule case, we may 
need to take one step further to even avoid the electron-sample interaction.  I will discuss in detail  how we implement the 
recent development of  interaction-free measurement  in light optics to electron optics to achieve the concept of “Quantum 
Seeing in the Dark” in “quantum electron microscope.

Professor Fu-Rong Chen received his bachelor degree in Materials Science and Engineering at National Tsing Hua 
University, Taiwan in 1980; he obtained his PhD in Materials Science at Stony Brook University, USA in 1986. His research 
interests are in low dose 3D atomic resolution electron tomography, soft materials dynamics imaging, quantum 
electron microscopy and solar energy tunable (SET) glass. Professor Chen is the recipient of many awards and honors, 
including Microscopy Society of American Innovation award for Design of Ultrafast/ Ultra High Voltage Desktop 
Electron Microscope in 2019 and The Distinguished Professor of Tsing Hua University in 2012.
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