Quantitative measurement of composition profiles at interfaces in semiconductor nanostructures by high resolution scanning transmission electron microscopy
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Modern optoelectronic devices such as light emitting diodes and laser diodes contain nanostructures of different semiconductor materials. Optical and electronic properties of such devices are governed by morphology and composition of the layers. Thus, quantitative measurement of composition profiles of semiconductor nanostructures with high spatial resolution has become indispensable in commercial and university research as well as in quality control of industrial production. 
Transmission electron microscopy methods applied to investigate chemical composition include imaging with chemically sensitive reflections, strain state analysis of pseudomorphically grown lattice mismatched systems, as well as analytical approaches such as electron energy loss spectroscopy  and energy dispersive X-ray analysis. 
Another method that has become quantitative during the past few years [1,2,3] is high-resolution scanning transmission electron microscopy (HRSTEM) using a high angle annular dark field (HAADF) detector. Quantification of elemental composition is facilitated by measurement of detector intensity normalized with respect to the incident electron beam and comparison with image simulation carried out in the frozen lattice approach. In our contribution we will explain the procedure to measure composition profiles and we will discuss the influence of surface contamination as well as broadening of the electron beam in the specimen by elastic diffraction. An example evaluation is shown in Fig.1 containing two interfaces with different widths between GaN and AlGaN. 
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Fig1: Left: HRSTEM micrograph of a GaN/AlGaN heterostructure. Right: Al-concen-tration profile evaluated from left image. Each bar corresponds to an 0002 lattice plane.
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