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Electron beam-induced current (EBIC) imaging is most commonly used to map current generated by the
separation of electron-hole pairs in local electric fields [1]. This “standard” EBIC is generally larger than
the secondary electron emission EBIC, or SEEBIC. Recently demonstrated in STEM, SEEBIC imaging
measures the holes left behind by the emission of secondary electrons (SEs) from the sample [2].
SEEBIC is capable of much higher resolution than standard EBIC [3] and can generate contrast related
to a number of different electronic properties, including conductivity [4,5]. While standard EBIC
requires a local electric field, SEEBIC is virtually always present; any STEM EBIC image with standard
EBIC contrast also has a (typically much smaller) SEEBIC component. These two components contain
complementary information, and without decoupling the SEEBIC information is generally lost.

When an electron beam is incident on a pn junction, electron-hole pairs (EHPS) are separated in the
junction’s built-in electric field. If each charge has its own separate path to ground (or a virtual ground)
the pair will produce a current (Fig. 1A); without separate paths the pair will recombine and produce no
current. Attaching an EBIC amplifier (held at virtual ground) to each ground path will therefore produce
images with equal and opposite standard EBIC contrast in the two channels. In SEEBIC, however, the
hole left behind by SE emission is unpaired, and can reach ground through a single ground path,
effectively generating an SE image. If, however, the sample is connected to two or more paths to
ground, Fig. 1A, the hole will reach ground preferentially through the lowest resistance path and
generate “differential SEEBIC” conductivity contrast [4,5]. For example, the SEEBIC-generated hole in
Fig. 1A will have a higher probability of reaching ground through the closer ammeter (red) to the right.

Since the carriers in standard EBIC and SEEBIC are paired and unpaired, respectively, imaging with
two STEM EBIC channels enables separation of the two modes with simple image arithmetic. Fig. 1B
shows an ADF STEM image of device consisting of a GeSbTe (GST) strip patterned to span two TiN
electrodes, all supported by a SiN membrane in a Si-based substrate, fabricated as described in [2]. The
simultaneously acquired STEM EBIC images in Figs. 1C and 1D are dominated by the standard EBIC
contrast caused by the Schottky barriers at each TiN/GST interface. Note that the two EBIC images,
acquired on opposing electrodes, are approximately inverses of each other; for each hole that reaches
one amplifier a corresponding electron must reach the other. Summing the two channels (Fig. 1E)
cancels the standard EBIC carrier pairs, leaving behind only the SEEBIC signal. Subtracting the two
channels (Fig. 1F) suppresses the SEEBIC signal, returning primarily standard EBIC.

In this presentation we will demonstrate the use of two-channel STEM EBIC to distinguish between
contrast created by the different EBIC modes, including cases where image interpretation is impossible
without this decoupling. While summing the EBIC signals in Fig. 1E returns the total SEEBIC, it does
not preserve the differential SEEBIC contrast, which reveals valuable conductivity contrast. We will
therefore also discuss alternative techniques for distinguishing between standard EBIC, SEEBIC, and
differential SEEBIC contrast [6].
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Figure 1. The diagram (A) shows standard EBIC and SEEBIC generated on a pn junction which is
attached to an EBIC amplifier on either terminal. (B) The annular dark-field (ADF) STEM image shows
a patterned strip of GeSbTe (GST) between two TiN electrodes. STEM EBIC images are simultaneously
acquired on the device in (B) from the left (C, blue ammeter) and right (D, red ammeter) electrodes. The
images in (B), (C), and (D) were acquired simultaneously. The current meters are both held at virtual
ground. In the EBIC images both standard EBIC and SEEBIC are present, but the standard EBIC signal
is dominant, appearing as bright/dark patches at the TIN/GST interfaces. Summing the two EBIC images
yields the total SEEBIC signal (E) and subtracting them yields mostly the standard EBIC signal (F).
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