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Silicon nanowires (SiINWs) have attracted tremendous attention over the past decade because of their
unique electronic properties and promising applications as building blocks for nanoscaled photonic and
electronic devices, as well as for emerging sustainable energy technologies, i.e. photovoltaic solar cells
and lithium ion batteries [1, 2]. Regardless of which specific application, SINWs must be interfaced with
other materials and operated at different electrical potentials, where the contact properties are critical to
the overall functionality of the devices [3]. It is thus of great importance to understand the underlying
science of contact formation and use it to precisely tailor proper electrical contacts on the nanoscale.

In this work, we report an in-situ examination of individual p-n junction SiNWs using off-axis electron
holography (EH) during transmission electron microscopy (TEM) [4]. The free-standing SINWs were
synthesized onto n'-Si substrates by chemical vapor deposition (CVD) with an axial dopant profile from
n- to p-type, and then placed inside TEM in a cantilevered geometry in contact to a movable Pt probe for
in-situ biasing measurements during simultaneous TEM or EH observations, as shown in Figure 1 (a).
The phase shift from EH (Figure 1 (c¢)) indicates a potential shift between the p- and n-segments to be
1.03£0.17 V due to the built-in voltage, as well as a depletion width of 287 nm. However, the [-V
characteristics of this SINW display inverted rectification behavior for the expected p-n junction,
indicating the formation of a Schottky barrier between the NW tip and the Pt contact, as indicated in
Figure 2. Corresponding EH phase profiles from the NW tip to the NW base under applied bias of +3V
are plotted in Figure 2. The large phase shifts at the NW tip indicate a strong concentration of electric
field at this Schottky contact, preventing any change of the Si energy bands in the p-n junction region by
the applied bias.

In summary, we have justified a successful approach to study electrostatic potential distribution in and
around a working device on the nanoscale by combination of in-situ TEM and EH techniques. The p-n
junction properties are quantitatively measured, and consistent with the theoretical calculations, but its
transport behavior is dominated by the Schottky barrier at the probe contact. From device
functionalization point of view, this type of mechanical point-contacting does not provide stable
electrical connection with good ohmic-contact performance, due to the strong influence of a metal-
semiconductor Schottky barrier. Nevertheless, the results will provide valuable information for device
design and fabrication via a bottom-up strategy [5].
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Figure 1. (a) Schematics of experimental setup, with a TEM image showing a SINW in point-contact to
the Pt probe. (b) Electron holographic phase image of the SINW p-n junction in the boxed region. (c)
Potential profile corresponding to the arrow ¢ shows a built-in potential shift of 1.03+0.17 V across the
p-n junction. (d) Phase profile along the arrow d showing good agreement with a model calculation.
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Figure 2. Phase profiles along the SINW from Au tip toward NW base under applied bias of £3V to the
NW tip. Dotted lines indicate artifact data points due to strong Bragg diffraction. Dashed lines are
guides to the eye, indicating trends of the phase profile and the approximate depletion widths of the
Schottky barrier. Inset I-V curve showing the rectification behavior due to the Schottky barrier.
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