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Two-dimensional finite element simulations of electrostatic dopant potentials in parallel-sided 
semiconductor specimens that contain p-n junctions are performed in order to assess the effect of the 
electrical state of the surface of a thin specimen on projected potentials measured using off-axis electron 
holography in the transmission electron microscope. For a specimen that is constrained to have an 
equipotential surface, the simulations show that the potential is affected deep within the specimen, especially 
for lower dopant concentrations and specimen thicknesses. Such surface effects are highly dependent on 
dopant concentration. The step in the projected potential across a p-n junction is always found to be lower 
than would be predicted from the properties of the bulk device, but is relatively insensitive to the value of the 
surface state energy, especially for thicker specimens and higher dopant concentrations. The depletion width 
measured from the projected potential, however, has a complicated dependence on specimen thickness. For 
higher dopant concentrations and thicker specimens, the step in potential and depletion width are only 
weakly dependent on surface state energy. Most experimental electron holography studies in the literature 
have reported lower steps in potential across p-n junctions than bulk-like values, in agreement with our 
calculations. However, the steps in potential that have been measured experimentally are often much lower 
than those described here and the depletion widths significantly larger, suggesting that the effects of 
specimen preparation (and electron beam illumination) on the electrical properties of TEM specimens can be 
much more severe than we have considered here. Fortunately, if the dopant concentration is high (as in many 
modern devices), our simulations show that the effect of specimen surfaces on the measured potential is 
small for large specimen thicknesses. The step in the projected potential across a p-n junction is then also 
relatively insensitive to surface state energy. 
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