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Electron wavefunctions with structured phase and amplitude can provide new capabilities 

for electron microscopy, as well as new insights into quantum behaviour. Nanofabricated 
diffractive optics serve as one of the new tools that can be used to coherently manipulate electron 
wavefunctions, similar to how spatial light modulators are used to engineering light waves in optics. 
For example, we use diffraction holograms to remove aberrations in a transmission electron 
microscope [1] and implement new types of interferometric phase contrast [2]. 

We also use fork grating holograms to shape freely propagating electrons into unique 
topological states, such as quantum vortices [3,4] (Fig. A). This electron vortex state is remarkable 
for its helical wavefront structure, persistent central null in the probability distribution, and 
quantized orbital angular momentum (OAM). Free electron OAM evolves in magnetic fields in 
unique ways [5] and can be used to probe chirality and angular momentum at the nanoscale [6,7]. 
For example, electron beam with OAM incident upon chiral clusters of nanoparticles (Figs. B and 
C) undergo OAM-dependent energy losses (Fig. D). In addition to preparing electrons in pure 
quantized orbital states, electrons can also occupy arbitrary superpositions of these orbital states. 
We can prepare these superposition states using diffraction holograms. Superpositions of 
electron OAM are also produced upon scattering from a material, and measurement of these 
orbital components is key to investigations of angular momentum and chirality at the nanoscale. 
Thus, we are developing ways to measure OAM components in incoherent superpositions of 
scattered electrons using magnetic solenoids [8] or sharp electrostatic needles [9] (Fig. E).  
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