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Abstract 

This talk will summarise two promising frontier research developments in the subject of electron 
microscopy that are currently taking place in the NUS Charged Particle Optics Laboratory at the 
National University of Singapore. The first, is in the area of new electron beam sources. At present, 
there is intense international competition to develop new cold field emission sources for electron 
microscopy. Cold field emitters have many advantages over conventional electron sources. Their 
higher brightness, lower energy spread, and greater spatial coherence, have the potential for greatly 
improving the performance of electron microscopes. Two new cold field emitters based upon using 
graphene coated nickel (Gr-Ni) wire cathodes have been developed in our Lab [1,2]. This talk will 
present the latest results from our pointed Gr-Ni cathode cold field emitter source and summarise its 
future possible applications. In particular, it will highlight the newly observed electron wave 
interference patterns in the emission image, indicating high spatial coherence. This opens up the 
possibility of using it to make a laser-like electron source.  

The second frontier research development in the NUS charged particle optics lab to be discussed is in 
the area of secondary electron energy spectroscopy (SEES) in the scanning electron microscope (SEM). 
Recently, bulk density of states information by using this technique was obtained in the SEM for the 
first time [3]. This opens up the possibility of using SEES to acquire band-structure on the nano-scale, 
and it represents a new level of integration between electron energy spectroscopy and electron 
microscopy in the SEM, something similar to electron energy loss spectroscopy (EELS) in transmission 
electron microscopes (TEMs). The technique has the potential to transform a conventional SEM into 
a powerful analytical tool that can map material science properties and surface electric/magnetic 
fields distributions on the nanao-scale.  Some of these possibilities will be summarised. 

In the last part of the talk, some proposals for integrating the NUS charged particle optics research 
with the department of physics in the Politecnico di Milano will be made, particularly with the 
Scanning Auger Microscopy Lab and Ultrafast Electron Microscopy project. They include opportunities 
for developing new international collaborations, applying for future research grants, and making high 
impact publications.        
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