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LEEM and PEEM both make use of a so-called cathode objective lens, in which the sample forms 
the cathode in the strong electric field between the sample and the entrance aperture of the 
electrostatic or magnetic objective lens. This strong electric field is the first imaging element in the 
system, forming a virtual image as well as a virtual diffraction pattern behind the sample. As such, 
it introduces both geometric and chromatic aberrations that limit the ultimate resolution in both 
LEEM and PEEM. The electrostatic or magnetic objective lens transfers the virtual image and 
diffraction pattern into a real image and diffraction pattern, adding its own aberrations. The 
combined aberrations limit the resolution of the microscope. We will discuss the role of the 
Contrast Transfer Function in image formation to provide a proper mathematical basis for 
understanding these limits. 
 
Geometric aberrations also necessitate careful alignment of the tilt of the sample relative to the 
optical axis. We will discuss a simple method for tilt alignment by direct visualization of the 
geometric aberrations which can also be used to assist in stigmating the instrument. Proper 
understanding of the effects of aberrations is also important for selected-area diffraction and 
spectroscopy experiments, particularly in PEEM. 
 
Third order spherical aberration and the lowest order chromatic aberration can be corrected with 
advanced electron mirror optics, improving spatial resolution by at least a factor 2, and 
transmission by a factor 5-10. However, the mirror aberrations must be carefully matched to the 
aberrations of the cathode objective lens for optimum results, a task that is complicated by the fact 
that these aberrations depend strongly on the energy with which the electrons leave the sample. 
With resolution below 2 nm already demonstrated, it appears that 1 nm resolution will be possible 
in the near future. I will discuss pros and cons of aberration correction, as well as possible future 
directions. 
 


