
Technical Note  High Spatial Resolution 

Cathodoluminescence.

Introduction

A common theme throughout the history of electron 

microscopy has been the pursuit of high spatial resolution 

results.  This is true whether in the field of SEM or TEM, and 

is also common to a variety of advanced micro-

characterisation techniques.  With different techniques 

there are different factors to consider.  This is especially true 

in the field of cathodoluminescence (CL) where high spatial 

resolution results are a key desirable feature, especially 

when comparing the technique to other luminescence 

charac ter i sa t ion  techn iques  such  as  m icro-

photoluminescence (µPL), scanning near field optical 

luminescence (SNOM) and scanning tunnelling 

luminescence (STL) based techniques.  The spatial 

resolution with cathodoluminescence is determined by 
wavelength of the light used as an injection source.  This 

many different factors which include the specimen 
resolution limit also applies to cathodoluminescence 

characteristics, the microscope column and operating 
performed in an optical microscope in “flood gun” mode.   

conditions, as well as the CL equipment and associated 
Furthermore,  an electron probe is extremely flexible 

cryogen cooling apparatus.  This technical note explains 
due to the ease of scanning, focussing, and the large depth 

some of these factors from first principles and covers a 
of field.  This depth of field simplifies imaging specimens 

variety of applications of high spatial resolution CL imaging, 
which are not flat, especially compared to near field 

spectroscopy and mapping.
techniques, where even small surface topography can 

limit the technique.  The high vacuum of conventional 

electron microscopes can also provide an ideal 

environment for cryogenic cooling of specimens.  In 

addition, modern environmental, or variable pressure 

SEMs are opening new fields of CL research, as the 

gaseous environment provides the means of studying 

specimens traditionally avoided with high vacuum 

microscopes at room temperature, e.g.  food, biological 

and insulating specimens.  

Spatial Resolution in the SEM. 
 

For scanning electron microscopes the spatial resolution 

in standard (secondary electron) imaging mode is 

determined by the spot size which is rastered across the 

specimen.  This is because secondary electrons have very 
Electron microscopy effectively bypasses the Abbé spatial 

little energy and are only emitted from an area and depth 
resolution limit applied to conventional far field optical 

a few nm from the incident spot.  The incident 
microscopy techniques, (e.g.  SNOM, µPL) where 

spot size is determined by the spatial and energy 
the resolution is approximately limited to the 
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Figure 1. Panchromatic 2kV, 60pA beam current 
1CL image of specially grown GaN material. 
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Figure 2. Higher magnification CL image of same GaN

specimen showing dislocation defects in epitaxially 
1overgrown layer. 
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