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Nitride based semiconductor nanowires (NWs) are promising candidates for many device
applications ranging from electronics and optoelectronics to energy conversion and
spintronics. The optoelectronic properties of nitride NWs are heavily affected by the strong
spontaneous and piezoelectric polarization fields induced by the polarity and strain, combined
with the effect of surface states. A correlated study gives insight into the precise effect of
polarity, heterostructure and surface states on optoelectronic and transport properties of a
single NW.
In this work, we correlate the crystal structure and heterostructure measured by scanning
transmission electron microscopy (STEM) and the luminescence and photodetector
performance of defect-free GaN-AlN NW heterostructures on the level of a single NW, paying
particular attention to the impact of the measuring environment on the electronic transport
and photocurrent dynamics. The effects of GaN/AlN heterostructure engineering and surface
states are discussed.
GaN NWs are grown by plasma-assisted MBE on Si(111) [1]. They have a length of 1.2–1.5 μm
and a diameter of 30−80 nm. Individual NWs were dispersed on electron transparent Si3N4
membranes and contacted using e-beam lithography.
Using aberration-corrected annular bright field (ABF) and high angle annular dark field (HAADF)
STEM, we identify the NW growth axis to be the N-polar [000−1] direction (Fig. 1). The
electrical transport characteristics of the NWs are explained by the polarization-induced
asymmetric potential profile and by the presence of an AlN/GaN shell around the GaN base of
the wire. The AlN insertion blocks the electron flow through the GaN core, confining the current
to the radial GaN outer shell, close to the NW sidewalls, which increases the sensitivity of the
photocurrent to the environment and in particular to the presence of oxygen. The desorption
of oxygen adatoms in vacuum leads to a reduction of the nonradiative surface trap density,
increasing both dark current and photocurrent [2].
References
[1] R. Songmuang, T. Ben, B. Daudin, D. Gonzalez, and E. Monroy, Nanotechnol. 21, 295605
(2010).
[2] M. I. den Hertog, F. González-Posada, R. Songmuang, J.-L. Rouviere, T. Fournier, B.
Fernandez, and E. Monroy, Nano Lett. 12, 5691 (2012).
 

Acknowledgement: Financial support from the French FMN-SMINGUE 2011, the French CNRS
and CEA METSA network, the ANR-2011-NANO-027 “UVLamp” project, the EU ERC-StG
“TERAGAN” (#278428) project, and the ANR-2013-JCJC "COSMOS" is acknowledged.



 
Fig. 1: Left to right, top: schematic of the NW structure. HAADF STEM image of a contacted GaN NW with an AlN
insertion. Zoom of the boxed region along [11-20]. Bottom: Atomic structure of GaN along [11-20] overlaid on an ABF
STEM image. I−V characteristic from the same NW device measured in the air and in vacuum, in the dark and under
UV illumination.
 


