Two methods of improving dopant contrast for structures under thin surface layers in scanning electron microscope 
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The development of modern nanotechnology requires of adequate accompanying diagnostic parameters and physical properties of submicron device structures. High-local methods of scanning electron microscopy are becoming more popular for this purpose. Methods of measuring the degree of doping and the spatial distribution of implanted impurities in semiconductor crystals are great of interest [1-3]. It is necessary to determine the type and concentration of impurities in the range of 1016-1020 cm-3 with a spatial resolution of nanometers to tens of nanometers.

Studied structures usually are covered with thin dielectric coatings or surface contamination layers. All of these factors decrease already weak contrast. Dopant mapping of such structures and explanation of contrast mechanisms are main problems of this work.

Task of dopant visualization can be solved by two methods. The first is based on detection of energetically filtered secondary electrons by toroidal electron spectrometer [1]. The second one is based on scanning mirror electron microscopy [4].

Images of test sample, which is a n-type silicon wafer with locally doped regions with p-type impurity (impurity concentration is 1018 cm-3), are depicted on Fig. 1. Energy filtration of secondary electrons increases dopant contrast to values of about 40 % (Fig. 1a), what is the record in scanning electron microscopy. But sample covered with oxide film (20 nm of SiO2) demonstrate significantly poor contrast (Fig. 1b). We will discuss this artifact in our report.
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Fig. 1 Images of test sample (a) and sample covered with oxide film (b)
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