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Abstract:

Transmission electron microscopy (TEM) excels at determining the physical structure and
composition of samples down to the atomic scale. But device operation often involves electronic
changes that do not coincide with any significant physical changes (e.g., gate biasing, driving a
current, or storing charge). As a result, the processes underlying function and failure in electronic
devices are often difficult, if not impossible, to detect in TEM. Scanning TEM electron beam-
induced current (STEM EBIC) imaging provides high-resolution electronic contrast as a
complement to TEM's physical contrast. EBIC, generally, involves the measurement of current
generated in a sample as it is scanned with an electron beam. It has been used to map electric
fields in devices since the 1960’s and is typically performed in the scanning electron microscope
(SEM). Recent advances in measurement sensitivity and sample preparation have rejuvenated the
field of STEM EBIC, leading to the demonstration of new EBIC modes, atomic resolution EBIC, and
operando STEM EBIC. In this presentation | will discuss different modes of current generation,
compare SEM and STEM EBIC, and demonstrate STEM EBIC mapping of various electronic
properties, including conductivity. | will then present examples of advanced STEM EBIC
characterization of operating electronic devices ranging from modern commercial semiconductor
components to next-generation memory systems.
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